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Abstract
An investigation of problems which can occur during the process of detaching flakes from
a parent piece of stone, and of the aspects of stone artefact morphology which increase or
decrease the likelihood of problems occurring, is the focus of this thesis. Researchers with
practical experience of knapping stone artefacts have cited various problems which can be
experienced during the flake production process, but no program of experimentation has
focused on evaluating the severity of different problems and the situations under which
problems are likely to occur. This thesis explores problems which can occur during the
unifacial reduction of flakes. A general discussion of the mechanics of the fracture
processes which occur during flake production is undertaken. The outcome of this
discussion is a comprehensive theoretical understanding of the flake production process,
which incorporates previous work by archaeologists and materials scientists, and also
generates new models of fracture processes which are relevant to the aim of understanding
problems that can occur during artefact reduction. A program of controlled experimental
flake production is carried out, to test hypotheses linking aspects of artefact morphology
with problematic fracture outcomes. The program of controlled experiments involves the
striking of a total of 817 flakes from "blanks" whose morphologies are carefully controlled,
to test the ways in which aspects of blank morphology increase or decrease the likelihood
of problematic fracture outcomes. The experimental program reveals the extent to which
different fracture outcomes create problems for continued reduction of an artefact. Further,
it quantifies the way in which properties of artefact morphology affect the likelihood of
problems occurring, and the difficulty involved for the knapper in overcoming problems as
they occur. Variables of artefact morphology which increase or decrease an artefact's
reductive difficulty are identified as a result of the controlled experimental research. The
reductive difficulty of an artefact refers to the likelihood of problems occurring during
reduction, and the severity of these problems. Archaeologically, having the ability to
analyse the relative reductive difficulty of artefacts enables the identification of situations
in which technological systems produce artefacts with low reductive difficulty. This could
provide evidence of technological systems which are organised to produce artefacts with
low reductive difficulty, to facilitate the reduction process. Such a system of technological
organisation is conceptualised as an extension strategy. The methods of analysing the
reductive difficulty of unifacially flaked artefacts is applied to artefact collections from two
sites in the Levant, Tabun Cave and Mugharet el-Wad, excavated by Dorothy Garrod.
Assemblages from the sites' excavation units are classified within the Middle and Upper
Palaeolithic. Changes in artefact morphology are identified across the sites' assemblages,
coinciding with the boundary between the Middle and Upper Palaeolithic, as well as within
the Middle Palaeolithic. Change through time is cyclical, rather than uni-directional.
Analysis of changes in the reductive difficulty of artefacts, in conjunction with an existing
technique of measuring the extent of reduction carried out on artefacts, enables discussion
of the emphasis which the knappers who created the assemblages placed on implementing
extension strategies at different points within the archaeological sequence. The methods of
analysing reductive difficulty developed by this thesis enhance our potential to generate
explanations of stone artefact variability.
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1

The extension strategy concept

Variability

in stone artefact morphology

has always

intrigued

archaeologists,

and

developing ways of explaining variability in artefacts through time or space has been the
focus of many archaeological projects. This thesis explores ways in which some aspects of
artefact morphology can be explained in terms of strategies employed by prehistoric
knappers to facilitate the reduction process by controlling and reducing the occurrence of
problems occurring during artefact reduction. It will be demonstrated that certain artefact
morphologies are less likely to experience mechanical problems as they are progressively
reduced. A strategy focused on preferential production of artefacts that are less likely to
experience problems during the reduction process is termed an "extension strategy" for the
purposes of this thesis.

Because an extension strategy emphasises the production of

artefacts which are less likely to experience problems if they are progressively reduced,
employing an extension strategy facilitates the reduction process. The effect of employing
an extension strategy will be that the artefacts produced will have a greater potential to be
reduced before they are discarded.

Because an extension strategy will increase the capacity for artefacts to be progressively
reduced if the need arises, employing an extension strategy would be advantageous in
situations where there is an incentive for people to use stone in an economic manner and
minimise the wastage of material.

In situations where obtaining raw material is costly,

having the capacity to carry out reduction of artefacts which are already in the systemic
context can carry the advantage of decreasing the need to replace those artefacts.
Extending the reduction process can put off the need to obtain raw material for the creation
of new artefacts. The linkage between the reduction process and the economic use of raw
material is the subject of a large body of archaeological literature, which will be discussed
in both this chapter and the following chapter.

Chapter 2, in particular, will evaluate

situations under which employing an extension strategy would be advantageous. It will be
shown that implementing extension strategies in the production of artefacts would be a
method of organising technology as a response to the costs involved in obtaining stone.

This thesis will demonstrate that it is possible to use archaeological evidence to identify
situations in which prehistoric groups have attempted to implement extension strategies.
To achieve this aim, the thesis will explore aspects of artefact morphology which increase
an artefact's reductive difficulty.

The reductive difficulty of an artefact is a concept which

refers to the likelihood that problems will occur during the reduction of an artefact, and the
severity of these problems in terms of their disruption of the reduction process. In order to
measure the reductive difficulty of stone artefacts, the thesis will discuss the mechanical
process of striking flakes, and the factors which can make this process problematic.

A

program of experimental flake production is employed to quantify the reductive difficulty
of different artefact morphologies. The experimental program involves the identification
of those aspects of artefact morphology which create problems for the

fiake-removal

process, and points to ways in which we can quantify the severity of the problems created.
In addition, the experimental

program

also demonstrates

that aspects of artefact

morphology increase or decrease a knapper's ability to overcome, or "solve" problems
when they occur. The outcome of the experimental program is the generation of a series of
principles relating artefact morphology to an artefact's reductive difficulty.

The principles developed in this thesis are applied to the case study of assemblages of
retouched flakes from two cave sites at Mount Carmel, Israel, which span the boundary of
the Middle and Upper Palaeolithic. The sites in question are Tabun Cave and Mugharet eWad. Analysis of these sites will be presented in the final chapters of the thesis.

Stone

artefact assemblages from the two sites will be discussed in terms of the extent to which
the humans who produced them employed extension strategies to minimise the risk of
artefact reduction becoming problematic.

The reduction process, reduction problems and extension strategies

In recent decades, many researchers have broadened the focus of stone artefact research,
and research questions are increasingly dealing with the processes by which stone artefacts
were produced.
increasing

The increased analysis of reduction processes has accompanied an

scepticism

of the underlying

interpretations of stone artefacts.

assumptions

of typological

analyses

and

The typological framework assumes that the types

identified by archaeologists are discrete entities which resulted from preconceived designs
in the minds of the prehistoric knappers who produced them. Each implement (that is, an
artefact which falls within a type) is viewed as a static entity, the end point of a production
process which was intentionally geared towards producing that specific morphology
(Bordes 1979; Clegg 1977; Jelinek 1976; see discussion in Kuhn 1991; Stiles 1979). This
assumption, that artefacts are the result of prehistoric "mental templates", was perhaps
most famously used in debates which linked artefact types to different functional tasks
(Binford 1973; Binford and Binford 1966) or different cultural groups (Bordes 1961;
Bordes and de Sonneville-Bordes 1970; Collins 1970).

The work of a number of

researchers has shown this assumption to be highly questionable, which has forced
archaeologists to re-assess the usefulness of typological thinking.

Experimentation, particularly studies of artefact replication by modem knappers, has been
one source of criticism of the typological framework. The experience of some knappers in
creating replicas of prehistoric artefacts caused them to question the idea that prehistoric
knappers worked according to rigid pre-conceived designs. Modem knappers recognised
that during the reduction of a piece of stone, various processes could occur which are
difficult or impossible to foresee at the outset of the reduction process, such variations in
the properties of the material, or random variations in the behaviour of fractures (e.g.
Crabtree 1968, 1972b, 1976; Flenniken 1985; Flenniken and Raymond 1986; Flenniken
and White 1983; Mewhinney 1956, 1963, 1964; Nichols and Allstadt 1978; Pond 1930;
Sollberger 1986; Sollberger and Patterson 1976; Titmus and Woods 1986). The fact that
knappers will encounter and respond to unpredictable events during the reduction process
means that the morphology of finished artefacts is never precisely predictable.

This has

led Flenniken to state that knappers do not work according to rigid preconceived designs
(Flenniken 1984: 191). In highlighting the dynamic and flexible nature of the process of

flaking stone, the work of experimental knappers has led archaeologists to recognise the
importance of studying the reduction process as a means of inferring past human
behaviour.

Another criticism of traditional typological thinking has arisen from the work of a number
of researchers, which has been collectively referred to as the "reduction argument" (Kuhn
1992a, 1995). The reduction argument has developed from the simple principle that the
amount of reduction carried out on an artefact will change its morphology.

Accordingly,

variations in artefact morphology can be a result of the stage of the reduction process at
which they were discarded.

Proponents of the reduction argument have used this

principle to question the assumption that artefact forms are end products of design
processes, and propose the alternative hypothesis that artefact morphologies are simply the
result of the amount of reduction which was carried out on them. Although recognition of
this principle has a long history in archaeological research (e.g. Cooper 1954; Prison 1968;
Goodyear 1974; Holmes 1912, 1919; Jelinek 1976) the work of Harold Dibble has been
instrumental in bringing the issue to current prominence (Dibble 1984, 1987, 1991b,
1995a, 1995b; Rolland and Dibble 1990). Dibble's research argues that the reduction of a
flake blank could lead to a progression of artefact morphologies, which would fall into
different typological categories.

Similar depictions of artefacts transforming through

reduction to span different type categories have been made in a variety of archaeological
contexts, and for a variety of artefact types (e.g. Andrefsky 1998: 33 - 39; Barton 1988;
Clarkson 2001, 2002a, 2004, 2005, 2006a; Flenniken and Raymond 1986; Flenniken and
White 1985; Flenniken and Wilke 1989; Hiscock 1988b, 1993a, 1994, 1996, 2007a
Hiscock and Attenbrow 2002, 2003; Holdaway, et al. 1996; Kuhn 1992a; Marwick 2008
McPherron 2000; Meignen, et al. 2009; Neeley and Barton 1994; Sahnouni, et al. 1997
Shott 1995; Turq 1992).

These transformational depictions of artefact morphology

demonstrate that different implement types need not be the result of different reduction
sequences. Instead, different artefact morphologies in the archaeological record could lie
along the same general reduction continuum.

One of the most interesting outcomes of the focus on reduction processes has been a
movement to carry out research exploring the ways in which humans will vary the ways in
which they reduce stone in response to ecological and social factors.

It is increasingly

recognised that the production and maintenance of any human technology takes part within

a wider repertoire of behavioural activities, and that these activities can constrain the
amount of time and energy which humans can devote to technological activities such as
procurement of stone, tool production and tool maintenance. The environmental context
that human groups live in will also impose constraints on technological activities. As a
consequence, humans are likely to organise their technological systems in response to
these situational

factors (Schiffer and Skibo 1997). Using this principle, archaeologists

have sought to reconstruct how flaked stone technologies could respond to factors such as
mobility (e.g. Close 1996; e.g. Kelly and Todd 1988; Kuhn 1992b, 1994, 1995, 1996
Lurie 1989; Morrow 1997; Morrow 1996), raw material availability (e.g. Andrefsky 1994
Clarkson 2002a; Cole 2009; Dibble 1991a, 1995a; Fish 1981; Fisher 2002; Gramly 1980
Holdaway, et al. 1996; Lenoir, et al. 1985; McPherron 2000; Montet-White 1988; Otte
1992; Strauss 1981; Torrence 1989a), and the availability of time or energy which could be
devoted to technological tasks (e.g. Bamforth 1986; Bamforth and Bleed 1997; Bleed
1986; Bousman 1993; Hiscock 2006a; Jeske 1992; Jochim 1989; Shott 1989, 1995, 2005b;
Torrence 1983, 1989a, 1989b).

The extent to which people chose to reduce their stone artefacts is one way of responding
to the pressures created by situational factors such as these. The primary purpose of all
flaked stone technologies is to produce sharp and functionally useful edges.

A flake

production event creates sharp edges, either on the piece of stone from which the flake is
struck, or on the margins of the flake itself, or both. The reduction of a stone artefact can
potentially create useable sharp edges each time a flake is produced.

Extending the

reduction process - that is, producing a larger number of flakes - increases the total length
of sharp edges created from the piece of stone being reduced. Assuming that a constant
proportion of these sharp edges produced is used to fulfil some functional need, extending
the reduction of an artefact therefore equates to increasing the utility extracted from the
artefact.

Since any stone artefact can be viewed as being a volume of material, which

carries some cost in terms of the time and energy which were invested in procuring it,
extending the reduction process has the benefit of using raw material in an economical
fashion (Brantingham and Kuhn 2001; Kuhn 1994). Extending the reduction of artefacts
decreases the regularity with which replacement raw material must be collected, which in
turn frees up time and energy which can be devoted to other tasks (Hayden 1989). For this
reason, reduction extension is an important process which a technological system can use
to respond to external pressures and constraints.

There are limitations on how much the reduction of any given artefact can be extended.
Detaching flakes from a stone artefact is sometimes a difficult process to predict, and
various authors have commented on problems which can occur during

the reduction

process. At all stages in the reduction process, there is the potential for problems to occur
which make it difficult or even impossible to carry out further flake removals.

Each

attempt to remove a flake from an artefact can result in undesirable outcomes, such as
crushing of the platform surface (Whittaker 1994), shattering of the artefact being reduced
(Ahler and Geib 2000; Bradley and Sampson 1978; Johnson 1981; Patten 2006; Purdy
1975; Rondeau 1981; Tallavaara, et al. in press; Titmus and Woods 1986; Towner and
Warburton 1990), or the creation of hinge or step fractures, which leave an irregular
surface on the stone being flaked, making further flake removals problematic (Akerman
1976, 1993; Brantingham, et al. 2000: 266; Cotterell and Kamminga 1987; Crabtree 1968;
Cundy 1990; Hiscock 1993a: 68; 2006b; Nichols and Allstadt 1978; Whittaker 1994).
Incorrectly placed blows, or the use of an inadequate amount of force can fail to remove a
flake, often leaving an incipient fracture in the surface of the stone being flaked, which can
interfere with subsequent flake removals (Crabtree 1972a; Skertchly 1879; Warren 1914;
Whittaker 1994).

Outcomes such as these can make it difficult to remove subsequent

flakes from an artefact.

Somefimes, the occurrence of problems will force the knapper to carry out problem solving
techniques which can be risky or wasteful of stone material. For example, the occurrence
of a hinge or step termination can be overcome by striking large, thick flakes to remove the
abruptly terminated scar from the artefact (Akerman 1976; Allen 1985; Bleed 2008: 163;
Hiscock 2006b; Lenoir, et al. 1985; White 1969: 23; Whittaker 1994: 109).

Areas of

material which contain incipient fractures from previous unsuccessful flake removals can
be removed in the same way (Crabtree 1972a). In these situations, the process of solving a
problem enables reduction of the artefact to continue, but at the cost of removing one or
more large flakes from the artefact. This problem solving procedure involves a cost in
terms of material removed in the form of "problem-solving flakes", the size of which has
been dictated by the size of the problematic feature being removed.

More severe problems can force reduction of an artefact to be halted altogether. The most
obvious example of this type of problem is when the size of an artefact has been reduced

to a point where further reduction is difficult or impossible (Kuhn 1994).

All artefacts

have a minimum size, beyond which it is difficult or impossible for them to be reduced
further (Dibble 1991c; 1995c: 102; Hiscock 1982a, 1988b, 2006a, 2006b; Kuhn 1994), due
to the difficulties of holding and immobilising the artefact securely (Hiscock 2009; Kuhn
1994; Mewhinney 1957; Whittaker 1994).

The minimum size of an artefact could be

dictated by the difficulty, for the knapper, in holding the artefact sufficiently immobile to
detach flakes from it (Crabtree 1968, 1972b).

At this point, the reduction process has

reached a barrier beyond which it cannot proceed. It is important to note that the problem
of artefacts reaching a minimum size can sometimes be overcome by a change in knapping
behaviour - artefacts which are too small to be flaked while being hand-held might be able
to be reduced further if supported on an anvil (Hiscock 2009; Kuhn 1991; Whittaker 1994).
Changing knapping behaviour in this way allows more force to be applied to the artefact,
since being held securely on an anvil or in a clamping device effectively increases the
artefact's inertia (Andrefsky
Whittaker 1994).

1998; Cotterell and Kamminga

1987; Kobayashi

1975;

Severe problems for the reducfion process could also result from the

build-up of a number of less severe problems working together to impede the reduction
process. A large number of step or hinge terminations around the margins of an artefact, or
high edge angles and crushed or rounded-over platform edges could progressively develop
during the reduction of an artefact to eventually make the artefact too difficult to reduce
further. Reduction problems should not be thought of in binary terms as "severe" or "nonsevere" - instead, the relative difficulty of carrying out reduction on an artefact will lie
along a continuous scale from "non-problematic" to "highly problematic" or even
"impossible".

Although various authors have commented on problems which can occur during the
reduction process, comprehensive and detailed discussions of reduction problems are
lacking from the literature. Various aspects of artefact morphology are stated as creating
problems for the reduction process, but discussions rarely quantify the severity of problems
which occur in different situations, or the likelihood that different situations will result in
problems occurring. Individual authors will often restrict their comments to a single aspect
of artefact morphology, and the problems which it can cause for the removal of further
flakes from the artefact. Attempts to explore the interactions between multiple aspects of
artefact morphology in terms of the effects they have on increasing or decreasing the
likelihood of problems occurring are rare.

There is currently very little capacity for

archaeologists to evaluate the reductive difficulty o f different artefact morphologies.

The

primary aim o f this thesis is to generate an understanding o f reduction problems, to enable
the reductive difficulty o f artefacts to be evaluated.

Recognising that problems can occur during the reduction process forces us to recognise
that overcoming or avoiding these problems is a necessary element in extending the
reduction process. In other words, a strategy for extending the reduction process could
involve behaviours which reduce the likelihood o f problems occurring during reduction, or
behaviours which make it easier to solve problems when they occur.

Lessening the

frequency with which problems occur, or increasing the ease with which problems can be
solved when they occur, will have the effect o f facilitating the reduction process.
Organising a reduction system in a way which reduces either the frequency or severity o f
problems constitutes the implementation o f an extension strategy.

In order to recognise

situations in which prehistoric humans implemented extension strategies, it is vital for us to
understand how aspects o f artefact morphology increase or decrease the likelihood o f
problems occurring during the reduction process, the severity o f the problems which could
occur, and the strategies which knappers could use to overcome these problems.

Organising a technological system in ways which place an emphasis on extension
strategies will be advantageous in situations where human groups are under pressure to
conserve stone material resources.

Since the purpose o f an extension strategy is to

maximise the number o f fiaking events which can be carried out on a given amount o f
stone material, an extension strategy increases the amount o f utility which can potentially
be extracted from the material.

In this way, an extension strategy can keep an artefact

within the technological context, where it supplies functionally useful cutting edges, for a
longer period o f time, and can delay the need to replace the artefact with a new package o f
material. Extensions strategies will be valuable for human groups to employ in situations
where there is an advantage to use stone material in an economic, or parsimonious manner.
The situations under which the use o f extension strategies would be beneficial are
discussed in detail in chapter 2.

Identifying when human groups have employed extension strategies is a valuable research
goal, since it will indicate the extent to which the pressure to conserve stone material
operated on human groups in the past.

Our ability to successfully achieve this research

goal hinges on our ability to understand the problems which can occur during the reduction
process, and the behaviours which will decrease the frequency and severity of these
problems occurring.

Only through building an understanding of reduction problems can

we develop our ability to identify extension strategies in archaeological stone technologies.

The scope of this thesis: retouched flake technologies in the Middle and
Upper Palaeolithic

Humans have discovered many different ways of breaking apart pieces of stone in order to
yield cutting tools, and it would be impractical for this study to attempt to develop an
understanding of the ways in which problems occur, and are alleviated or overcome,
during the reduction of all categories of flaked stone artefact. Instead, this study will focus
on unifacially retouched flakes. The process of flake production is broadly equivalent, in
terms of the fracture processes involved, regardless of the sort of artefact being flaked:
consequently, many of the principles developed throughout this thesis might

have

relevance to studies of, for example, biface reduction, core reduction or burination.

The

primary concern of this project, however, is developing an understanding of extension
strategies in the specific context of unifacially retouched flakes.

There are two main reasons why unifacially retouched flakes have been chosen as the
focus for this project.

The first reason is the relative lack of existing research into the

problematic processes of unifacial flake reduction compared with other areas of artefact
production, while the second reason is the ubiquity of unifacially retouched flakes in many
archaeological sites, including sites from the archaeological area of interest for this
research, the Middle and Upper Palaeolithic.

Previous research exploring issues of reduction problems, and problem-solving strategies,
has generally not been carried out with unifacially retouched flakes in mind.

More

commonly, this research has focused on core and biface reduction, though many of the
principles developed are nevertheless of relevance for the reduction of retouched flakes.
Most of the statements about reduction problems and problem solving have been made by
m o d e m experimenters carrying out freehand knapping of stone artefacts, and the majority

of comments concerning problems and problem-solving are made in reference to striking
flakes from cores.

Discussions of mechanical problems which can interfere with the

successive removal of flakes from a core has generated a number of useful principles: for
example, the occurrence of abrupt terminations as a process which interferes with
subsequent flake removals has been most frequently been discussed with reference to core
reduction (Clarkson 2004: 193; Crabtree 1968, 1972b; Phagan

1976; White

1972;

Whittaker 1994).

Experimental studies which focus on striking flakes from cores have also explored the
behaviours which knappers can employ which reduce the likelihood of problems occurring.
For example, experimental research has discussed the importance of securely holding and
immobilising a core

in order to successfully strike flakes from it (e.g. Crabtree 1968;

Crabtree 1972a; Evans 1872; Mewhinney 1957; Sollberger and Patterson 1976; Whittaker
1994). Other patterns of behaviour, such as striking flakes to run behind existing dorsal
ridges (Crabtree 1968, 1970; Mewhinney 1956; Phagan 1976; Sollberger and Patterson
1976; Whittaker 1994; Witthoft 1957a, 1957c), removing overhang from the platform edge
before striking a flake (Clarkson 2004; Crabtree 1968, 1972b; Phagan 1976; Sollberger and
Patterson 1976; Whittaker 1994), and optimising the angle and magnitude of the force
being applied (Crabtree 1968, 1972a, 1972b; Mewhinney 1956, 1957, 1963; Sollberger and
Patterson 1976; Whittaker 1994; Witthoft 1957a) have all been discussed as being
important to prevent problems from occurring during flake removal. Experimental studies
focussed on the reduction of cores have produced a large number of statements concerning
the problems which can occur during flake removal, and also the strategies which knappers
can employ to reduce the likelihood of problems occurring.

The other context in which reduction problems are often discussed is biface reduction. The
reduction of bifaces has been discussed extensively by replicators, many of whom have
noted the various problems which can occur while reduction is being carried out. These
include snapping or shattering of the biface (Bradley and Sampson 1978; Johnson 1981;
Rondeau 1981; Whittaker 1994), which is more likely to occur if the biface is thin or the
knapper is attempting to remove a large flake (Ahler and Geib 2000; Crabtree 1966;
Flenniken 1978).

Discussions of reduction problems are generally not carried out with reference to the
reduction of unifacially retouched flakes. Perhaps as a consequence of this, archaeologists
studying unifacially retouched flakes do not often acknowledge the possibility that the
reduction process can encounter problems.

Logically, many of the problems which can

occur during the striking of flakes from a core could also occur during flake reduction,
since both tasks involve the process of repeated flake removal.

A consideration of

reduction problems in the specific context of the reduction of unifacially retouched flakes
is therefore worthwhile.

The ubiquity of unifacially retouched flakes in assemblages from the Middle and Upper
Palaeolithic adds importance to the task of discussing these artefacts in terms of their
reductive difficulty, and in terms of the extension strategies which might have been
employed by the hominids which produced them.

Comparisons between Middle and

Upper Palaeolithic stone artefact assemblages have often used unifacially retouched flakes
as one of their primary data sources (Mellars 1989). The fact that many of the typological
classes which are most abundant in both Middle and Upper Palaeolithic sites are
unifacially retouched (Grayson and Cole 1998) is one of the reasons for their importance in
most depictions of the two periods, and comparisons between them.

The ubiquity of unifacially retouched flakes in the archaeological area which this thesis is
geared towards analysing, as well as the lack of previous research on issues of reductive
difficulty and extension strategies in relation to these artefacts, were the reasons for
choosing these artefacts as the focus for this research. Although some of the discussion
which follows in this thesis will have relevance to other types of stone artefacts, and other
methods of artefact reduction, the discussion is focussed on issues of reductive difficulty in
the context of unifacial flake reduction. The research questions which will be addressed by
this thesis therefore involve the following: First, identifying factors which create problems
for unifacially removing flakes from a flake blank.

Second, identifying morphological

characteristics of flake blanks which increase or decrease the likelihood of problems
occurring. Third, quantifying the severity of these problems, and identifying factors which
make it easier or harder for a knapper to overcome these problems when they occur. Both
the theoretical discussion of fracture mechanics and flake production processes (chapter 3)
and the program of experimental flake production (chapter 4) are designed with these aims
in mind.
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Extension strategies as a response to situational factors

In the previous chapter, the concept of extension strategies was introduced, with an
extension strategy being defined as any human behaviour which enabled the reduction of
artefacts to be extended, in terms of the number of flakes which could be removed.

In

particular, the task for archaeologists was identified as establishing the characteristics of
artefact morphology which make it easier, or harder, to detach flakes from the artefact.
Being able to identify extension strategies was stated to be of value in reconstructing the
pressure under which human groups were placed which made it advantageous of them to
reduce artefacts in a more intensive manner. The concept underpinning this statement was
that extension strategies would be employed as a response to the cost of acquiring
replacement stone material.

To explore this idea more comprehensively, this chapter will discuss the factors which
could affect the cost involved for human groups in acquiring stone.

In doing so, the

discussion identifies the different factors which could apply pressure on human groups to
extend the reduction of their stone artefacts. This establishes the interpretive power which
being able to identify extension strategies will give us. It also establishes the limits of this
interpretive power in terms of our ability to extrapolate from identified extension strategies
to the situations under which past human groups lived.

This chapter will also discuss concepts which have been developed by previous researchers
which share some similarities with the extension strategy concept used in this thesis:
namely curation (Binford 1973, 1979) and maintainability (Bleed 1986). Superficially, it
might appear that these concepts could have been adopted for use in this thesis, as both
deal with human behaviours of extending the use-lives of artefacts. This discussion will
demonstrate that substantial differences exist between the extension strategy concept and
the previously developed concepts of curation and maintainability.

Because of these

differences, it is argued that it would be inaccurate to use either term in relation to the
research presented here, as both curation and maintainability deal with concepts which are

beyond the scope of this thesis.

To use either concept would introduce unnecessary

complexity to the design of my research, which is why I have chosen to use the "extension
strategy" concept instead.

The chapter concludes with a discussion of how the extension strategy concept avoids the
difficulties and ambiguities contained within the concepts of curation and maintainability
as they are currently used in the archaeological literature.

Extension strategies and situational factors

A number of factors will make it advantageous for knappers to extend the reduction carried
out on their artefacts. Every flake production event which occurs during the reduction of
an artefact has the effect of creating sharp edges, which potentially can be functionally
useful. Extending the reduction process by removing a greater number of flakes from an
artefact therefore extracts a greater amount of utility from that artefact.

An extension

strategy, which facilitates the reduction process by decreasing the probability that problems
will occur, will have the effect of increasing the amount of utility which can be extracted
from artefacts, and consequently will increase the amount of utility which can be extracted
from a given quantity of stone.

In other words, an extension strategy results in stone

resources being used in a more economic manner. As was stated in the previous chapter,
employing an extension strategy would be advantageous in conditions where the cost of
obtaining stone material is high.

The task of obtaining stone carries an economic cost in terms of both the time and energy
which need to be invested. Also, the time and energy invested in obtaining stone cannot be
invested in other tasks, so the cost involved will be relative to the amount of time or energy
which a human group can afford to divert from other tasks (Torrence 1983, 1989a, 1989b).
Conceptually, we can think of the cost of obtaining stone as a re-provisioning

stress, which

varies proportionally to the resources required to obtain stone, and varies inversely to the
amount of resources which can be made available for the task. The "resources" in question
relate to both time and energy - some debate has taken place in the literature concerning
which of these two currencies should frame our discussions (Boydston 1989; Torrence

1983, 1989a), but both should be considered important.

In practical terms, each of these

two currencies could function as the "limiting factor" in determining re-provisioning stress.
In some contexts, a scarcity of available time would be the more important factor in
determining the severity of re-provisioning stress, while in other contexts a scarcity of
available energy would be the more important constraint.

The fact that re-provisioning stress is dependent on two variables: the cost in terms of
resources of obtaining stone, and the availability of resources within the behavioural
system, forces us to recognise that re-provisioning stress will be affected by a large number
of different factors. Some of these factors will be to do with the environmental context,
and others will be to do with human behaviour. Michael Schiffer and James Skibo coined
the term "situational factors" to describe variables which will potentially affect the
organisation of technologies (Schiffer and Skibo 1997). Re-provisioning stress itself can
be thought of as a situational factor which will affect stone technologies, in that it will
affect the relative advantage of employing extension strategies.

In turn, a number of

situational factors will potentially act in combination to determine the magnitude of reprovisioning stress. A great deal of theoretical literature has been devoted to discussing
these situational factors.

This literature illustrates that re-provisioning stress will be

determined by a complex interplay of factors relating to the behavioural and ecological
context in which technologies exist.

The spatial distribution of raw material sources is one commonly cited factor affecting reprovisioning stress. If sources of raw material are located at a distance from the site where
stone is worked or used, then the cost of obtaining stone is higher than if knapping and
usage activities are happening nearer to the source (Andrefsky

1994; Baales 2001;

Clarkson 2004; Dibble 1991a: Fisher 2002; Gramly 1980; Hiscock 1988b; Kuhn 1991,
1992b, 1995; MacDonald 2008; Morrow and Jeffries 1989; Morrow 1997; Munday 1976;
Pokotylo and Hanks 1989; Ricklis and Cox 1993; Strauss 1981). The difficulty involved
in extracting stone from quarries will also affect the cost of obtaining stone.

The

construction of elaborate mines is one documented example of raw material procurement
involving high costs in terms of time and energy investment (e.g. Holgate 1995; Sieveking
1979). The abundance of raw material sources in the landscape will affect re-provisioning
stress, but the distribution of raw material sources in relation to the distribution of other
resources, such as food, which need to be extracted from the environment will complicate

this relationship. If raw material sources are close to other resources being targeted by the
human group in question, then re-provisioning costs will be lowered.

Under these

circumstances, it is likely that human groups would plan their movements so that the
procurement of stone was "embedded" into tasks involving the procurement and processing
of these other resources (Binford 1983; Jeske 1989; Kelly 1988; Kelly and Todd 1988;
Morrow and Jeffries 1989; Strauss 1981; Torrence 1983, 1989b).

While embedding re-

provisioning tasks with other activities might function to reduce re-provisioning stress, it
will not eliminate it, as resources are still required to gather and transport stone to where it
is needed (Clark 2002; Hiscock 1988b).

Embedding re-provisioning tasks will also not

eliminate the investment of time and energy involved in gathering pieces of material at the
source area, the testing of these pieces to determine their flaking properties, and any "field
processing" behaviours such as the removal of cortex or other undesired portions of the
pieces of stone prior to transporting them away from the source area (Clarkson 2006b;
Cole 2009; Metcalfe and Barlow 1992).

The mobility patterns of the tool-using group will also affect re-provisioning stress.
Mobile groups might have more opportunities to embed re-provisioning tasks with their
ordinary movement patterns, thus decreasing re-provisioning stress (Bamforth 1991; Fisher
2002; Jeske 1989; Kelly 1988; Kelly and Todd 1988; Lurie 1989). Increased mobility will,
however, lead to more energy being expended in carrying stone through the landscape
(Bamforth 1991; Collard, et al. 2005; Kuhn 1994). Mobile groups will have an upper limit
on the amount of stone they can carry with them, and will almost certainly spend periods
of time away from material sources such as quarry sites or base-camps where material has
been stockpiled (Andrefsky 2008c; Clark 2002; Clarkson 2004; Hiscock 2006a; Kelly
1992; Kuhn 1992b, 1994). Mobile groups are therefore likely to experience variable reprovisioning stresses, resulting from their varying distance from material sources.

The distribution of non-stone resources, such as food, will play a role in determining reprovisioning stress, as it will affect the amount of time and energy available for reprovisioning activities. In an environment where resources are scarce, greater amounts of
time and energy will need to be allocated to searching for and procuring these resources
(Bettinger 1987; Binford 1979; Bird and O'Connell 2006). If these resources are of low
quality, or can only be found in small "package sizes" (Binford 1979), this will also
increase the amount of time and energy needed for their procurement (Binford 1979; Jeske

1989). The predictability with which resources can be located will also affect the time and
energy investment which need to be allocated to procurement tasks (Bamforth 1991; Bleed
1986; Hiscock 1994; Jeske 1989; Kelly and Todd 1988; Kuhn 1992b). Similarly, the risk
that procurement expeditions will fail to secure resources after they are located (for
example, the risk that animals will evade capture) will necessitate a greater investment of
time and energy (Ahler and Geib 2000; Binford 1977b; Bleed 1986; Jeske 1989; Kelly
1988; Kuhn 1992b).

If elaborate equipment needs to be manufactured to facilitate the

procurement of non-stone resources, then this will decrease the time and energy available
for procuring stone (Hayden and Hutchings 1989). Clearly, there is a complex interaction
of situational factors which can potentially affect the amount of time and energy which
need to be allocated to tasks unrelated to re-provisioning of stone, and which will therefore
affect the re-provisioning stress experienced by human groups.

Even a brief consideration of the situational characters which can affect re-provisioning
stress demonstrates that there are many factors which can act to increase or decrease reprovisioning stress. A pressure to incorporate extension strategies into the organisation of
stone technologies could be caused by any of these situational factors, or several factors
working in combination. Because of this, we must realise that there are limitations placed
on our ability to make inferences about the ecological and social factors which existed in
the past, based on the identification of extension strategies in past technological systems.
If extension strategies can reliably be identified archaeologically, and the extent to which
human groups have employed extension strategies in the organisation of their technologies
can be quantified, this will inform us of the severity of the re-provisioning stress which
these human groups were experiencing.

Going beyond this point, to identify the precise

situational factors which created this re-provisioning stress, is a task which would require
additional data. For example, other researchers have proposed methods of extrapolating
from characteristics of stone technologies to identify specific situational factors such as
mobility (e.g. Cowan 1999; Kuhn 1994, 1995, 1996), the difficulty of accessing material
(e.g. Andrefsky 1994; Gramly 1980; Hayden and Hutchings 1989: 236; Sevillano 1997;
Strauss 1981), and the risks and costs involved in tasks not related to stone procurement,
such as hunting (e.g. Ahler and Geib 2000; Bamforth 1986; Bamforth and Bleed 1997;
Binford 1979; Bleed 1986; Bousman 1993; Hiscock 1994; Shott 1989).

Extension

strategies alone, however, are incapable of providing information on the causes of re-

provisioning stress, and it is important to recognise this limitation on their interpretive
potential.

Previously defined concepts, and their relationship to extension strategies

The extension strategy concept is in some ways closely related with two previously
discussed concepts which are prominent in literature on tool design and technological
organisation.

These concepts are curation, as defined by Binford (1973; 1979) and

subsequently developed by other authors (e.g. Bamforth 1986; Nash 1996; Odell 1996;
Shott 1995, 1996, 2005b; Torrence 1983) and maintainability (Bleed 1986). Both curation
and maintainability deal with ideas of artefact maintenance and use, and in particular with
the extension of tool use-lives.

This section will explore how these two concepts have

been defined and used in the archaeological literature, and explore how they relate to the
concept of extension strategies.

A great deal of the literature devoted to artefact reduction processes has explored the way
that artefact reduction was used in the curation of tools.

Curation, a term originally

defined by Binford (1973; 1979), has since been used in many different contexts relating to
strategies in which people employed forward planning in the provisioning and manufacture
of tools, the transport of tools, the maintenance of tools through time, and the extent to
which tools were used relative to the point at which they become functionally exhausted
(Bamforth 1986; Nash 1996; Odell 1996; Shott 1989, 1996).

Curation has also been

defined in terms of strategies employed to schedule tasks related to tool manufacture,
maintenance and use to ensure that different tasks would not interfere with one another
(Torrence 1983).

One aspect of curation, extending tool use-lives, has enabled the concept to be linked to
stone artefact reduction. Progressive reduction of a stone tool could be used as a curation
strategy, by extending the useable life of the tool (Bradbury, et al. 2008; Shott 1989, 2008).
Reducfion can be used to overcome attrition caused by dulling of functional edges or
breakage, keeping the tool in a useable state beyond the point at which it would otherwise
have to be discarded and replaced (e.g. Andrefsky 2008c; Dibble 1984; Flenniken and

Wilke 1989; Mellars 1996; Towner and Warburton 1990). Under this scenario, reduction
of stone tools is equivalent to maintaining the tool, which is an aspect of curation. Linking
curation with the reduction process in this way suggests that extension strategies and
curation could be closely related concepts: an extension strategy would effectively enhance
a tool's potential to be curated.

There are a number of problems with attempting to link extension strategies with curation
on a one-to-one basis, however. The first of these is that curation deals with a number of
processes which are unrelated to stone tool reduction (Andrefsky 2008b; Bamforth 1986;
Kuhn 1989; Pokotylo and Hanks 1989).

The transport of tools through space, and the

storing, or provisioning, of tools through time in anticipation of future functional needs, are
both aspects of curation which do not involve maintenance or reduction of the tool in
question (Andrefsky 2008b; Kuhn

1992b).

Scheduling of tasks such as material

procurement or tool manufacture in anticipation of future need is also a curation strategy
(Kuhn 1992b; Torrence 1983) which does not involve tool maintenance. In linking stone
artefact reduction (as a process of tool maintenance) with curation. we need to be aware
that we are only considering one aspect of the curation concept - this could be thought of
as a "special" curation process, which exists within a wider "general" concept.

Linking stone artefact reduction with curation encounters a further problem, due to the fact
that the curation concept is focussed upon tools. Equating the reduction which has been
carried out on a stone artefact with the process of extending tool use-life is only true if two
conditions are met. First, that the artefact in question was used as a tool. And second, that
all the reduction carried out is done for the purpose of extending the artefact's functional
use-life.

Being confident that these conditions are in fact the case for artefacts in the

archaeological record is difficult to achieve.

The first condition requires that archaeologists are able to identify which artefacts in an
assemblage were employed as tools. Achieving this in practical terms is always difficult,
and often impossible.

Evidence of use preserved on artefacts, such as use-wear or

residues, is the only sure way of positively identifying whether artefacts were used as tools,
but this does not guarantee that all tools will be identified. Tools used for short periods
may not accrue any detectable use-wear. Retouching the functional edge of a tool after use
may remove all use-wear from the tool, as a simple consequence of the removal of material

from the tool's edge (Hiscock and Attenbrow 2005). If the tool is not used again, it will
not be identified as a tool because of the absence of use-wear. Clearly, using usewear to
identify all the artefacts in an assemblage which were tools is an inherently unreliable
method.

The predominant method of identifying the tools in an assemblage is to assume that those
artefacts belonging to formal implement types were tools (e.g. Ammerman and Feldman
1974; Binford 1973; Binford and Binford 1966; Bordes, et al. 1969; Cantwell 1979;
Collins 1975; McCarthy, et al. 1946; Stiles 1979; Wheat 1976).

This assumption is

commonly held by typologists (Hiscock 1983, 2007b; Hiscock and Attenbrow 2005;
Rolland and Dibble 1990; Tomaskova 2005).

Unfortunately, there is no guarantee that

artefacts belonging to formal implement types were universally used as tools. Researchers
have debated whether certain implement types were used as tools, or were used instead as
cores, to provide useable flakes.

Bifacial handaxes are an example of a type of artefact

which has been depicted as functioning as either a tool or as a producer of flakes (Binford
1978; Kelly 1988; Kelly and Todd 1988; McPherron 2000; 2003: 73; Morrow 1997).
Burins are another example of artefacts which have been interpreted both as functional
tools and as producers of flakes (Barton, et al. 1996; Bordes, et al. 1969; Chazan 2001;
Clay 1976; Crabtree 1977; Crabtree and Davis 1968; Cundy 1977; Hiscock 1993a;
Tomaskova 2005; Vaughan 1985). Recently, it has been argued that some scrapers, which
have previously been generally interpreted as functional tools, could also have been used to
provide useable flakes (Dibble and McPherron 2006).

In addition to the concern that

artefacts belonging to implement types might not have been universally used as tools,
assuming a one-to-one correspondence between implement types and tools disregards the
possibility that artefacts not belonging to any implement type could have been used as
tools (Rolland and Dibble 1990: 485).

The inability to accurately and comprehensively

identify those artefacts in an archaeological assemblage which were used as tools by
prehistoric humans is a serious drawback to the proposition that artefact reduction can be
linked with curation.

The other condition which must be true in order for the reduction of a stone tool to be
linked with curation is that we must be confident that the reduction was carried out for the
purpose of extending the tool's use-life.

For this to be true, it is necessary that the

reduction was carried out after the artefact was recruited to perform a function.

In other

words, the reduction must be carried out while the artefact was being used as a tool.
Reduction carried out before the artefact was recruited as a tool cannot have been intended
to extend its use-life, since such an artefact was not yet being used for any function. To
interpret all the reduction carried out on stone tools as curation, it is necessary for us to
assume that all tools began their use-lives as unretouched pieces.

There is no logical

reason for us to make this assumption: it is quite possible to imagine that some tools had a
certain amount of reduction carried out before they were used to perform a function, in
order to give them suitable morphological characteristics for carrying out this function.
Many tools might have undergone a "production phase", during which reduction was
carried out in preparation for use (Andrefsky 2008b: 8; J. Wilson and W. Andrefsky 2008:
102). For example, retouch of a scraper's edge might be carried out prior to use, in order to
straighten the edge and give it a profile which was functionally efficient (Mellars 1996).
Indeed, in the case of projectile points it is commonly stated that extensive retouch would
be carried out in order to shape the point before it was used (Andrefsky 2006, 2008a,
2008c, 2009; Callahan 1979; Whittaker 1994; J. K. Wilson and W. Andrefsky 2008)
Retouch could also have been carried out to assist hafting of tools prior to their use (Ahler
and Geib 2000; Andrefsky 1998; Crabtree 1972b; Hiscock 1988a; Tankersley 1994), or to
provide comfortable areas for the user to hold (Crabtree 1972b).

The reduction which

tools have undergone was not necessarily carried out with the single purpose of extending
their use-lives - instead, some of the reduction could have been carried out prior to the
artefact being used as a tool.

Similarly, there is no reason to assume that all retouch carried out after an artefact was
selected for use as a tool was done for the purpose of extending its use-life. This excludes
the possibility that an artefact could be used for a period as a tool, and subsequently be
retouched for some other purpose, such as providing flakes. There seems no reason to
think that humans would never alter their reason for striking flakes from an artefact in this
way. It is entirely possible that prehistoric humans did occasionally use the flakes being
struck off a retouched tool, if the situation required them to do this. As mentioned earlier,
it has been suggested that bifaces, burins and scrapers might have been employed to be
flexible in this way.

Framing discussions of stone artefact reduction in terms of the curation concept is clearly
problematic for a number of reasons. Although it is plausible that the reduction of artefacts

was sometimes carried out to extend the use-life of stone tools, this is only one of the
possible reasons for carrying out artefact reduction. Interpreting artefact reduction as tool
curation would involve restricting discussion to the sub-set of archaeological assemblages
which were used as tools, and to the portion of reduction which was carried out on these
tools in order to extend their use-life. Apart from the practical difficulty of identifying this
sub-set of reduction behaviour, to do this would restrict the scope of the discussion in this
thesis unnecessarily. The aim of this thesis is to discuss artefact reduction in terms of raw
material conservation, a discussion which need not be restricted solely to tools and tool
maintenance.

The second concept which is related in some ways with the concept of extension strategies
is Peter Bleed's formulation of the strategy of tool "maintainability" (Bleed

1986).

Maintainability was developed by Bleed as a strategy which could be employed to help
ensure that useable tools were available when needed to perform tasks, and decrease the
risk that tools would be unavailable or unusable when needed. Bleed defined maintainable
tools as ones which could easily be made to function if they were broken or inappropriate
for a task (Bleed 1986: 737).

In other words, a strategy of maintainability aims to

minimise the cost involved in repairing a tool in the event of failure, or altering it to make
it suitable for a different function.

Bleed formulated this strategy in opposition to the

strategy of "reliability", in which tools are designed to reduce the probability of failure
during use.

Designing a maintainable stone tool might in some ways be equivalent to employing an
extension strategy. Progressive reduction can serve to rejuvenate a worn out or broken tool
(Bradbury, et al. 2008; Dibble 1984; Mellars 1996), or could perhaps be used to change the
characteristics of its working edges and make it suitable to carry out different functions
(Hiscock 1996). Stone artefact reduction could function to maintain artefacts in order to
make them available for use. An extension strategy could, under certain circumstances, be
equivalent to a strategy of maintainability, if the reduction process was carried out as a
means of tool maintenance. Despite this overlap, extension strategies and maintainability
are not equivalent concepts.

Maintainability, like curation, is a concept which focuses specifically on tools.

Linking

maintainability to stone artefact reduction is therefore problematic, because of the

difficulty of identifying which stone artefacts in archaeological assemblages were used as
tools. Because maintainability is explicitly defined by Bleed as a strategy of tool design
(and not simply a pattern of tool-use behaviour), discussing maintainability would also
require us to identify which artefacts were manufactured with the intention of being used
as tools, even if they were never in fact used. Even unused tools would be informative of
the degree to which tool makers were incorporating maintainability strategies in the design
of their tools. Identifying this sub-set of archaeological assemblages is likely to be even
more difficult than identifying tools which were used, since it involves making statements
about the intentionality of prehistoric stone artisans.

A further difficulty in attempting to link maintainability with stone artefact reduction stems
from the breadth
maintainability

of Bleed's discussion of the concept.

Bleed's discussion

of

was not focussed on stone tools, or on the reduction process, but was

formulated to be relevant to any technological system of tool production and use.

The

definition of maintainability covered a wide range of characteristics which technologies
might possess. In addition to the primary definition of maintainability in terms of the cost
of repairing or altering tools, Bleed drew in a number of other characteristics which he felt
that maintainable systems would possess.

He states that maintainable systems will be

"light and portable" (Bleed 1986: 739). There seems to be no direct reason given by Bleed
to justify this blanket assumption that maintainable systems will necessarily be light.
Reliable systems are defined by Bleed as heavy (Bleed 1986: 739), and it seems that
Bleed's approach of defining the two strategies in opposition to one another has lead to the
grouping of opposing characteristics - such as "heavy" and "light" - under these two
headings, despite the fact that situations could be envisaged when a reliable system is light,
or a maintainable system heavy. In the context of stone artefacts, a thin and lightweight
blade can be a reliable cutting tool, while a larger and heavier artefact can provide a
maintainable cutting edge.

In fact, larger stone tools could have more potential for

maintenance as a simple consequence of having more material which can be removed by
reduction (Hiscock 2006a; Kuhn 1994, 1996; Morrow 1996).

Bleed also states that

maintainable systems will tend to be multifunctional, or suited to carry out a range of tasks
(Bleed 1986: 742). The upshot of grouping so many different characteristics together is
that the term "maintainable" carries quite a lot of baggage: to use it implies that a number
of different characteristics, such as ease of repair, portability, and multifunctionality, are all
present in the same tool or technological system. The maintainability concept therefore

relates to a number of characteristics which cannot easily be linked with the reduction
process in stone artefact technologies.

Applying maintainability to stone artefacts is also complicated by the fact that Bleed does
not limit his discussion of the concept to individual tools alone, but defines the concepts at
the level of whole technical systems.

The term "technical system" is used by Bleed to refer

to toolkits employed by individuals or by groups of individuals.

Strategies of

maintainability in the context of a whole technical system can include the use of tools
which are themselves easy to repair or maintain (for example, a cutting tool which can be
resharpened), or tools which can be replaced. Since replacing a tool which has become
unusable or unsuitable for a particular task is equivalent to maintaining the toolkit as a
whole, replacement of tools is defined as an aspect of the maintainability concept (Bleed
1986: 739).

Consequently, Bleed applies the category of maintainability to individual

artefacts, composite tools in which elements of the tool are replaced - arrows with
replaceable components (Bleed 1986: 742) - and systems in which whole tools are replaced
- a hunter whose arrows are replaced with new ones when needed (Bleed 1986: 742).
Applying the maintainability concept at different scales of technology in this way does not,
of course, invalidate it as a concept. It does, however, present problems to us if we were to
attempt to frame discussions of stone artefact reduction in terms of maintainability.

In the same way that identifying tools in assemblages of stone artefacts is problematic,
attempting to identify how stone tools were used in a larger toolkit or technical system is
difficult to achieve with confidence.

Making statements on the use of strategies of

maintainability which operated at the level of the technical system is a difficult task as a
result. It is quite possible that a technical system which emphasised maintainability could
have incorporated tools which were not themselves maintainable. For example, a wooden
spear with stone barbs might be designed to be easily repaired through replacement of the
stone barbs.

The spear, viewed as a composite tool, would be classed as being highly

maintainable because of the ease with which broken or damaged barbs could be replaced
(Kuhn 2002b; Myers 1989: 87). The barbs themselves, however, might not be designed to
be maintainable at all, and might be discarded rather than being resharpened or
rejuvenated. Hiscock (2006a) has characterised this as an "abundance strategy", in which a
technical system involves a high-frequency replacement of items which individually have
very little capacity to be maintained. Without knowing whether stone artefacts were used

as part of a composite tool, attempting to classify the stone artefacts in isolation would not
produce a comprehensive depiction of the emphasis placed on maintainability in the design
of the whole technical system.

As with the concept of curation, attempting to frame discussions of stone artefact reduction
in terms of maintainability is problematic, and introduces a number of complicating factors
into the discussion.

Again, most of these complications stem from the fact that

maintainability is a concept which focuses on tool design and tool use.

Discussing the

evidence for maintainability being employed in assemblages of stone artefacts would
therefore involve restricting the scope of research to only the tools within
assemblages.

those

In addition to the practical difficulties of identifying tools reliably, the

discussion would also necessarily involve making statements about the behavioural
contexts in which prehistoric tools were used. The wider technical systems in which stone
tools were used would need to be reconstructed, to evaluate how individual tools
functioned in parallel, or as elements which were replaceable and interchangeable with
other tools. To set out to achieve this would be a complex task, and one which is beyond
the scope of this thesis.

Rather than frame the discussions in this thesis in terms of

curation or maintainability, therefore, the term "extension strategy" is used instead.

In

doing so, and in widening the scope of this research beyond tools specifically, many of the
complexities and problems outlined in this section are avoided.

Extension strategies - a discussion beyond tools

As stated in the previous chapter, it is the aim of this research to discuss the reduction
process in terms of strategies which could function to economise the use of raw materials
by facilitating ongoing reduction of artefacts. This question is independent of whether the
artefacts in question were used as tools themselves.

Artefacts can be produced for a

variety of reasons: retouch of bluntened edges can rejuvenate them for continued use;
retouch can create an edge with morphological features which are desirable for carrying
out a particular function; and it can be used to create flakes which are potentially useful.
Conceivably, a proportion of the reduction carried out on stone artefacts did not produce
any sharp edges which were of value to the knapper producing them - periods of the

reduction process could be taken up in producing populations of flakes and edges, of which
only a proportion were selected as being useful.

Regardless of the aims of prehistoric

knappers, extending the reduction process will have the effect of conserving stone
resources.

Employing an extension strategy which facilitated the reduction process will

enable a knapper to carry on the process of producing sharp and potentially useful edges,
while not employing extension strategies might lead to problems occurring which force
reduction to cease, or which force the knapper to change the way in which reduction is
carried out. Employing extension strategies will enable knappers to cope with situations of
high re-provisioning stress by enabling them to carry out a greater amount of reduction,
and as a result extract a greater number of flakes from a given package of raw material.

Unlike

previous discussions of tool

use and

tool

design,

such

as curation

and

maintainability, the questions dealt with by this thesis are largely independent of whether
specific artefacts in archaeological assemblages were used as tools, or intended to be used
as tools.

The practical complexities of identifying tools as a sub-set of archaeological

assemblages are beyond the scope of this thesis. This is not to discount the usefulness of
applying a discussion of reduction extension to tools exclusively.

Clearly, it would be

valuable to be able to identify whether human groups chose to incorporate extension
strategies specifically in the artefacts which they chose to use as tools. A study of this sort
would be able to link data on extension strategies with concepts of use-life extension, and
would as a result be able to discuss issues such as curation behaviour and

the

maintainability concept. The research carried out in this thesis, however, does not focus on
tools specifically, and is instead a general discussion of the reduction process, and how it
could be organised in response to changing re-provisioning stress.

3

Modelling flake production

As the reduction of a flake blank proceeds, multiple flakes must be removed from the
blank.

Before each flaking event, the blank's morphology needs to be suitable for the

removal of a flake. If the shape of the blank becomes unsuitable for flake removal, then
reduction becomes problematic and may have to be halted. As each flake is removed from
the blank, it changes the blank morphology by creating a new surface.

Throughout the

reduction process, the morphology of the blank changes as old surfaces are removed and
new surfaces are created.

As reduction proceeds, flakes will be struck from these new

surfaces, or will propagate behind the new surfaces. Therefore, the shape and orientation
of the surfaces created by removing flakes will be important in determining whether the
blank's morphology remains suitable for detaching further flakes, or whether it becomes
problematic for reduction to continue.

The focus of this thesis is on the analysis of unifacially retouched blanks. In this sub-set of
retouched artefacts, flakes removed from the edge of the blank create a new edge
morphology, from which subsequent retouch flakes are struck.

If reduction is to be

extended beyond simply removing a single set of flakes from the unretouched blank's edge,
therefore, the subsequent retouch flakes will be struck from the edge created by the
primary retouch flakes. For this reason, the morphology of the flakes removed from the
blank is very important to whether the morphology of the blank's edge will be suitable for
further reduction to take place.

If reduction is to be extended. The morphology of the

blank edge must be maintained in a condition which is favourable for the removal of
retouch flakes. In general terms, this involves keeping the free surfaces of the blank flat
and free from protrusions or concavities, and maintaining the orientation of the free
surfaces so that the edge angle of the blank is suitable for flakes to be removed.

The fractures induced in the flake production process generally follow a predictable path
through the core or blank being worked on.

A flake-producing fracture will commonly

follow a path which runs roughly parallel to the free surface behind which it propagates.

As a result of this, the new free surface on the blank, which the flake-producing fracture
has created, will be oriented in roughly the same plane as the original free surface was
before the flake was removed.

Ideally, this predictable behaviour of the fracture path

enables the knapper to maintain the morphology of the blank during the reduction process,
and remove multiple flakes, one behind the other, from the same platform.

In reality, of course, the morphology of the blank's edge can evolve during reduction and
become unsuitable for the removal of a flake. Archaeologists and replicators have argued
that reduction will become difficult if, for example, the edge angle becomes too great
(Barnes 1939; Barton 1990; Callahan 1984; Clarke and Brown 2001; Flenniken and White
1985; Hiscock 1982a, 1982b; Whittaker 1994), or conversely it becomes too acute (Bryan
1960), which could cause it to shatter unpredictably. Flake removal can be problematic if
the edge becomes rounded over through crumbling of the edge (Ackerly 1978; Phagan
1976; Whittaker 1994), or if concavities such as hinge or step terminated scars occur in the
free surface (Cotterell and Kamminga 1987: 700; Cundy 1990: 137; Flenniken and White
1985; Macgregor 2001, 2005; Whittaker 1994). The ideal situation, that each flake during
the reduction process will leave a smooth and flat free surface and a suitable edge angle on
the blank, does not always happen, and if morphology of the blank becomes problematic
enough, the reduction process will need to be abandoned.

Repeated removal of flakes depends on fractures remaining directionally

stable.

To be

directionally stable, a fracture needs to follow a path which is approximately straight and
parallel to the free surface behind which it propagates. If the fracture path runs parallel to
the free surface, and has no pronounced deviations in its path, it will leave the morphology
of the edge of the blank relatively unchanged. Maintaining the morphology of the blank so
that it changes as little as possible is likely to be advantageous for further reduction. Each
time the morphology of the blank changes during the reduction process, the knapper will
need to move from the familiar to the unfamiliar. To do this, the knapper must draw upon
his or her knowledge and experience to gauge how to respond to the change in blank
morphology.

In moving from one knapping situation to another, there is always an

increased likelihood that a mistake will occur (Crabtree 1970). Knappers, no matter how
experienced, cannot always gauge how they will need to approach a new knapping
situation.

Directionally stable fractures will maintain a number of aspects of a blank's morphology in
a relatively unchanging state. For example, the edge angle left by the removal of the flake
will be similar to the edge angle which existed prior to the flake's removal.

This is

advantageous for the knapper, because it ensures that the new edge angle, being similar to
the original edge angle, will be suitable for striking a new flake from. Also, the new edge
angle will not require the knapper to change knapping behaviour to remove the next flake.
If the edge angle did change dramatically, the knapper would have to re-assess the
situation before attempting to remove another flake. The knapper might need to alter the
amount of force applied, or the precision with which the point of force application is
located on the platform (Mewhinney 1964; Whittaker 1994).

In the same way, a knapper

striking flakes from a blank is more likely to make a mistake when the edge angle of the
blank dramatically changes. Such a mistake could involve striking the core but removing
no flake, or causing a fracture which travels in an erratic fashion through the core, hinging
or stepping as it is formed and leaving behind an irregular free surface, or leaving an
extremely altered edge angle, in the case of a blow which crushes the edge (Crabtree 1968;
Hahn and Owen 1985; Phagan 1976).

In the same way that directional stability is important for maintaining a consistent edge
angle during reduction, it is also important to ensure that free surfaces remain flat and free
of irregularities. One source of irregularities on the free surfaces of an artefact is step or
hinge terminated flake scars'. The occurrence of abrupt terminations is generally viewed
as an undesirable outcome for the knapper (Brantingham, et al. 2000; Crabtree 1968, 1975;
Eren, et al. 2008; Gunn 1975; Nichols and Allstadt 1978; Witthoft 1957b).

Abrupt

terminations are often seen as undesirable due to the fact that they leave an irregular
surface on the piece being flaked. Several experimenters have stated that the concavities
left in an artefact's free surface by a step or hinge terminated flake make it more difficult to
remove any further flakes from the same area of the artefact (Cotterell and Kamminga
1987; Cundy 1990; Macgregor 2001, 2005; Whittaker 1994). Attempting to remove flakes
from surfaces which already have hinge or step terminated flake scars can often result in
these flakes terminating abrupfly themselves (Macgregor 2001, 2005; Whittaker 1994). In
general terms, experimenters and replicators state that maintaining smooth, flat free
surfaces is advantageous for removing flakes from a piece of stone (Barnes 1939; Crabtree

T h e term "abrupt termination" is used to refer to both hinge and step terminations.

1968; Mewhinney 1956, 1957; Whittaker 1994). Maintaining smooth free surfaces can be
achieved if fractures are directionally stable, and propagate on paths which do not deviate
suddenly.

For these reasons, the directional stability of flake-producing fractures is very important
for extended reduction of a stone artefact to be viable. The objective of this chapter is to
develop an understanding of the conditions under which fractures will exhibit directional
stability, and the conditions which can cause this directional stability to break down.

In

order to do this, it is first necessary to develop a comprehensive and robust knowledge of
the mechanical processes which operate during a flake production event. This chapter will
review currently existing models describing the behaviour of fractures, and will use these
models, along with evidence gathered by replicators and other experimental researchers, to
generate a new understanding of the factors which affect the path which a flake-producing
fracture takes through a stone artefact. At the end of the chapter, the model of fracture
mechanics developed here is used to generate a number of hypotheses which can be tested
by controlled experiments in subsequent chapters.

These hypotheses link properties of

blank morphology with the risks involved in striking flakes.

Flaked stone artefact materials and brittle fracture

The way in which a material fractures is dependent upon its mechanical properties. In this
review, it is enough to limit ourselves to materials used in the production of flaked stone
artefacts, which fall into the category of brittle solids.

These materials, from which all

flaked stone artefacts are made, possess a number of mechanical properties.

Brittle solids deform in an elastic manner when force is applied to them.

In elastic

deformation, the material is temporarily deformed by an applied force, but recovers its
original shape when the force is removed (Drucker 1968; Gordon 1968; Juvinall 1967;
MacGregor 1950). Elastic deformation operates because the molecules within the material
are subject to forces which act to keep them at a constant distance from one another
(Faulkner 1972; Juvinall 1967).

Therefore, when the material is deformed, the inter-

molecular forces will act to restore the molecules to their original spacing, and the material
will recover its shape once the load is removed.

In order to quantify the principle of elasticity, it is necessary to introduce two important
concepts: stress and strain. Stress is the amount of force applied to a material, divided by
the cross sectional area over which that force operates. Therefore stress is a measure of the
amount of force acting on any point within the material. The unit of stress is Newtons per
square metre. To illustrate with a simple example, if a wire of cross sectional area of 1 cm^
is used to suspend a 1 N weight, the stress acting at each point within the wire is 10 000
N / m l If the wire were only half as thick, it would experience twice as much stress.

Strain is the measure of how much a material deforms when a force is applied to it. Strain
is measured by dividing the amount by which a material has deformed by the dimensions
of the material before the force was applied.

The measurements of stress and strain are not independent of one another. Robert Hooke
(1635-1703) first observed that a material subjected to increasing force (and therefore
increasing stress) will deform by an increasing amount, and that the amount of deformation
is directly proportional to the force applied (Gordon 1968; Juvinall 1967; MacGregor
1950). In other words, the ratio of stress applied to the strain produced

is constant:

stress / strain = constant^

The exact amount to which an applied load will strain an object is affected by the material
from which the object is made.

For example, stone will resist deformation more than

rubber under equivalent stresses. The amount by which a material deforms is referred to as
its modulus of elasticity, which describes the relationship between the stress applied to a
material and the strain which this stress induces.

A second property which stone artefact materials share is brittleness. A brittle material is
one in which no plastic deformation will occur when it is subject to a load.

Plastic

deformation, unlike elastic deformation, is permanent, and is not reversed when the
loading is removed (Drucker 1968; Juvinall 1967; MacGregor 1950; Moffat 1981).

In

^ Robert H o o k e expressed this with the phrase "ut tensio sic vis", translated "as the extension, so is the force"
T h e principle is now tcnown as Hooke's Law (Juvinall 1967).

brittle materials, if the load exceeds the capacity of the material to deform elastically,
fracture will occur (Drucker 1968; Faulkner 1972; Moffat 1981; Roesler 1956).

This

property separates brittle solids from ductile solids such as metals, in which permanent, or
"plastic" deformation occurs when stresses exceed the ability of the material to deform
elastically. Ductile materials also fracture, but they only do this after plastic deformation
has occurred (Drucker 1968; Gordon 1968).

It is important to realise that brittleness and stiffness are independent properties: it is not
necessary for a brittle material to have a high modulus of elasticity, and vice versa. Gelatin
is a good example of a material with a low modulus of elasticity, but which is brittle in that
it only deforms elastically, and fractures rather than deforming plastically.

Conversely,

many metals have a high modulus of elasticity, but deform plastically under excessive
stress.

The brittleness of stone materials is important, as it causes these materials to

fracture in different ways from ductile materials.

The majority of stone materials are isotropic, meaning that they are equally susceptible to
fracture in any direction (Faulkner 1972; Moffat 1981; Purdy 1975).

The opposite of

isotropic is anisotropic, in which case a material has cleavage planes within it, along which
the molecular bonds are weaker. Because these bonds are weaker, they will break under
lower stress, and consequently fracture will preferentially run along the cleavage planes.
Isotropy is not a universal property of the materials from which flaked stone artefacts have
been made.

Eskimo hunters manufactured knives out of slate (Faulkner 1972), and

knappers in many parts of the world flaked quartz, which is weakly anisotropic (Cotterell
and Kamminga 1979; Leudtke 1992; Otte 1992; Tallavaara. et al. in press; Tankersley
1994).

Because the materials which stone artefacts are made from fracture in a brittle manner, and
are isotropic, analysing the way in which pieces of stone will fracture under different
situations can make use of the principles of linear elastic fracture mechanics.

Materials

scientists and researchers of fracture mechanics have developed a large body of theoretical
knowledge, backed up with empirical evidence, to describe and understand the behaviour
of fractures travelling through brittle materials. Using this body of knowledge gives us a
great deal of insight first into the circumstances under which fractures are initiated, and the

ways in which fracture initiation occurs in knapping situations, and second into the factors
which determine the path of a fracture once it has been initiated.

The surfaces of all brittle materials are covered in flaws, many of which are microscopic in
size (Lawn 1993; Lawn and Marshall 1979; Lawn, et al. 1975; Lawn and Wilshaw 1975;
Stanworth 1950).

All fractures which initiate at the surface of a material will initiate at

such a flaw (Cotterell and Kamminga 1979; Erdogan 2000; Faulkner 1972; Sih and
Liebowitz 1968).

Fractures initiate at pre-existing surface flaws because when force is

applied to a material, a concentration of stress will develop at the tip of each of these flaws.
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Figure 3.1. Diagrams showing the two-dimensional cross section of a material loaded in tension by
force F. If the material is of constant cross section, the tensile stress is uniform throughout the
material, as shown in the upper diagram. If a flaw is introduced into the material, as is the case in
the lower diagram, then the tensile stress is carried around the flaw, and consequently a
concentration of stress builds up at the tip of the flaw.

This phenomenon can be easily seen if we imagine a two-dimensional section of material
loaded in tension by a force. If no flaws exist in the material, the stress resulting from this
force will be distributed equally between the molecular bonds and consequently the stress
will be the same at all points in the material. If, however, a flaw exists in the material, the
tensile stress must be carried around this flaw, and there will therefore be an abnormally
high area of stress at the tip of the flaw (Figure 3.1). If we imagine the flaw existing at the
molecular level, we can envisage how the stress concentration at the f l a w ' s tip develops:
instead of the force being absorbed across the horizontal molecular bonds, it must be
absorbed obliquely by the molecular bond at the tip of the flaw (Figure 3.2). The bonds at

the tip of the flaw will carry a much higher stress than the bonds elsewhere within the
material. Consequently, this is where the stresses will first reach the critical value to break
molecular bonds and start fracture propagation.
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Figure 3.2. The effect o f a flaw in a material subjected to tensile loading (F), at the molecular level

(after Gordon 1987).

Stress concentrations such as this occur in the more complex situation of stress being
applied to a stone core by an indenter.

In this case, the stress within the material is not

constant throughout the material, but significantly higher around the perimeter of the
contact zone between the indenter and the core surface (Cotterell and Kamminga 1979;
Langitan and Lawn 1969; Lawn 1993).

Flaws in this region are the most likely to

accumulate sufficient stress to fracture before any others, thus becoming the "dominant
flaw" at which the fracture is initiated (Choi and Salem 1993; Moffat 1981; Stanworth
1950:67).

Fracture will not always initiate at the area of contact between the indenter and the core.
Sometimes fracture initiates at a point on the platform surface away from the indenter.
This is termed a "bending initiation" (Cotterell and Kamminga 1987; first described as
"fracture under flexion" in Warren 1914), as opposed to a "Hertzian initiation", which
occurs when the fracture initiates at the point of force application (Faulkner 1972; Frank
and Lawn 1967; Langitan and Lawn 1969; Lawn 1993; Lawn and Marshall 1979; Lawn, et
al. 1975; Lawn and Wilshaw 1975).

One reason that bending initiations occur is that a

large flaw needs less stress to initiate fracture than a small flaw. When a flaw is subjected

to a tensile stress, it will tend to open, or gape.

This gaping means that the molecular

bonds directly on either side of the flaw are relaxed; they therefore release the strain
energy they would otherwise have been carrying (Figure 3.3). This released strain energy
is used to break the bonds at the tip of the flaw (Drucker 1968; Erdogan 2000): in essence,
the stress concentration is the mechanism by which this relaxed strain energy is transferred
to the tip of the flaw (Gordon 1968). Bending initiation is possible, therefore, if a large
flaw exists on the platform.

All points of the platform in the vicinity of the indenter

experience tensile stress to some degree (Choi and Salem 1993; Cotterell and Kamminga
1979; Faulkner 1972; Tsirk 1979): if a large flaw exists, the stress concentration at its tip
may be large enough to initiate fracture, even if smaller flaws exist in the contact area.
Bending initiations have often been viewed as resulting from the use of a 'soft' indenter
(that is, one with lower elasticity than a stone hammer), but a number of studies have
demonstrated that bending initiations can be produced by a variety of indenter types (Eaton
2006; Hayden and Hutchings 1989), and that using a soft material as an indenter does not
guarantee that bending initiations will occur (Pelcin 1997b).

Gape
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Figure 3.3. A large flaw (or fracture) experiences a greater stress concentration at its tip, due to the
"gaping" o f the fracture and relaxation o f the stress within the material on either side o f it (shaded
area in diagram).

The concept of stress concentration does not apply solely to initiation: it is the mechanism
by which a fracture propagates.

Any partially formed fracture will develop a stress

concentration around its tip: in fact, the larger the fracture becomes, the more it will be
able to gape, and thus the more strain energy will be released by the molecular bonds on
either side of the fracture (Erdogan 2000; Griffith 1920). The larger a fracture becomes,
the more stress will be accumulated at its tip, provided that the applied loading is held
constant.

Flake formation phenomena

In all types of knapping, force is applied to a stone nucleus using a blunt indenter.
Consequently, loading on the nucleus is restricted to the relatively small point of contact
between the indenter and the platform surface. It is this loading which initiates the flake
producing fracture. As loading is applied, the fracture initiates in the form of a Hertzian
cone directly underneath the point of force application (PFA). The Hertzian cone forms at
a pre-existing flaw at the edge of the area of contact, extending in a circle around the area
of contact and propagating into the material at an angle, eventually forming a cone-shaped
fracture extending beneath the platform surface.

Percussive experiments on glass cores

have shown that any force applied to any surface will produce a Hertzian cone (Dibble and
Whittaker 1981; Macgregor 2001, 2005; Speth 1974, 1975, 1981).

For a flake to be

produced, however, the fracture needs to propagate through the material and terminate on a
different surface. The Hertzian cones produced are rarely large enough to do this, and so
flake-producing

fractures are generally much larger than the Hertzian cones with which

they are associated.

In most cases, the flake producing fracture is a continuation of one

side of the Hertzian cone. The exceptions to this are bending initiations, in which the flake
producing fracture initiates at a different point removed from the PFA, and axial
initiations, in which an axial fracture initiates in the centre of the contact area.

To produce a flake, the fracture must continue propagating until it exits the core. The path
which the fracture takes through the core will determine the shape of the flake which it
removes.

To understand flake morphology, we need to understand the factors which

determine the fracture path, and the possible ways in which the knapper can influence the
fracture path.

In general terms, the path which a fracture takes through the core will run more or less
parallel to the free surface. The majority of

flake-producing

point of impact, and begin propagating as a Hertzian cone.
Hertzian cone, from which the

flake-producing

fractures are initiated at the
The inward surface of the

fracture propagates, is generally not

oriented parallel to the free surface, but at an angle pointing inward toward the centre of
the core. A flake producing fracture will not continue to propagate at this angle, but will
curve back toward the free surface of the core. It is this curving of the fracture path which

produces the bulb of force (Cotterell and Kamminga 1987, 1990; Ohel 1977; Ohel and
Parte! 1981; Tsirk 1974). After curving toward the free surface, the fracture path will then
curve in the opposite direction, and will propagate on a path which is roughly parallel to
the free surface (Andrefsky 1986).

The fracture will propagate on this path until it

terminates by exiting the core.

Not all fractures follow this general pattern of propagation.

Fractures which snap a thin

edge, for example on a biface, may simply run from the platform surface to the opposite
surface of the artefact without changing direction. Such a fracture will not have a phase of
propagation during which it travels parallel to a free surface. Nevertheless, the majority of
fractures will follow the general pattern of propagation described above. Flakes produced
by knapping are generally long relative to their thickness as a direct result of the tendency
of flake-producing fractures to travel parallel to free surfaces. Fractures generally do not
dive into the body of the core, which would result in the core being split into two large
chunks, and nor do they travel straight to the free surface, which would result in a short,
thick flake. The great majority of the fractures initiated by knapping travel through the
core on a plane parallel to the free surface, and it is this fracture behaviour which makes
the production of flakes predictable and feasible to the knapper. One of the main aims of
this section will be the development of a model explaining why fracture paths exhibit this
directional stability.

To understand flake morphology, we need an understanding of the factors which affect the
fracture path, since it is the fracture path which will determine the size and shape of the
resulting flake.

A number of previous researchers have proposed models detailing the

processes which occur during fracture propagation, so this discussion will begin with an
evaluation of these different models.

The spalling model

The earliest, and perhaps the most ambitious attempt to model the physical processes
involved in the production of stone flakes was performed by John Speth (Speth 1972,
1974). Speth proposed that the fracture surface which detaches a flake is formed by the
spalling effect of stress waves radiating out from the point of impact, and reflecting off the
free surfaces of the nucleus.

Such spalling fractures are common in mining situations

where explosives are used to shatter rock (Jaeger and Cook 1969), and in the impact of
projectiles travelling at very high speeds (Gordon 1968; Kolsky and Rader 1968). Speth's
model used the knowledge of spalling fracture generated from these examples to apply the
same principles to flaked stone artefact production.

The spalling model proposed that stress waves radiating out from the point of impact
change their phase when they reflect from a free surface of the nucleus (Speth 1972). The
stress waves originating from the impact will mainly be compressive, so the reflected
waves will be tensile. As the waves are reflected, the outgoing tensile waves cancel out
with the incoming compressive waves in the area around the free surface. At some critical
distance from the free surface, however, the tensile stress waves are no longer cancelled
out by the compressive stress waves, and reach a critical level necessary to fracture the
rock. It is these fractures, Speth argued, which detach the flake: the fracture surface of the
flake is formed, in essence, by the meeting of all the micro-fractures formed by the
reflected tensile stress waves (Speth 1972, 1974).

The spalling model has a number of weaknesses, which reveal it to be an erroneous method
of describing the fracture process involved in flake production. First, the fracture surfaces
commonly formed by spalling are discontinuous and jagged in their nature (Kolsky and
Rader 1968), and are utterly unlike the smooth fracture surfaces observed on knapped
flakes and cores (Cotterell and Kamminga 1987; Cotterell, et al. 1985).

Second, and

perhaps more fatally for the spalling model, the fracture surface which creates the flake
could never originate from the point of impact.

This is because the wavelengths of the

stress waves which reflect from the free surface are likely to be much less than the distance
from the point of impact to the free surface (Tsirk 1974). Consequently, the region where
the tensile waves reach critical amplitude will not be near the point of impact. This means

that the ventral surfaces of flakes should never incorporate a Hertzian cone, since the
fracture occurs at a location remote from the point of impact, where the Hertzian cone is
This is plainly not the case, since a large proportion of the flakes in the

produced.

archaeological record incorporate a Hertzian cone in their ventral surface (Cotterell and
Kamminga 1990; Crabtree 1972a, 1972b).

In addition, the point at which the nucleus is

struck should make no difference to the platform thickness of the resulting flake, according
to the spalling model. The spalling model posits that it is the wavelength of the reflected
stress waves, not the point at which force is applied to the platform, which determines
where fracture initiation takes place. This, also, is not the case: experimental evidence has
shown that placing the point of impact at a point further into the nucleus increases the
platform thickness of the flake detached (Dibble and Pelcin 1995; Dibble and Whittaker
1981; Faulkner 1972; Macgregor 2001, 2005; Pelcin 1996, 1997a, 1997b, 1997c; Speth
1974, 1975, 1981).

The weaknesses of Speth's spalling model show that it is not an accurate model of the
fracture process which operates during flake production.
fracture

behaviours

which

are

utterly

unlike

those

The spalling model predicts
which

have

been

observed

experimentally and on archaeological flakes. Given this disjunction between predicted and
observed fracture behaviour, the spalling model can be discarded, and no longer viewed as
a useful means of understanding the fracture processes which occur during flake
production.

Stresses and the fracture path

An alternative to the spalling fracture model is to view the flake-producing fractures as
simple, "opening type" fractures. Under this model, the fracture begins propagating at the
platform surface, and grows as a result of the energy provided by the applied force.
Viewing fracture in this way, rather than in terms of spalling, is much more consistent with
the features found on the ventral surfaces of flakes.

Surfaces of flakes are generally

smooth and continuous, and commonly contain undulations centred around a point at the
platform surface, indicating that the fracture was initiated at the platform and propagated
continuously to produce a smooth and uninterrupted fracture surface.

Other fracture

surface features, such as Wallner lines and hackle marks (or lances), indicate that fracture
surfaces are the product of one continuous fracture propagation, which is initiated at the
platform surface (Beery, et al. 2003; Faulkner 1972; Hutchings 1999; Tsirk 1981, 2010).

The path of a fracture is largely determined by the stresses which exist in the material
while the fracture is propagating. The force being applied by the indenter to the platform
surface will set up tensile stresses within the core, and will continue to do so as the fracture
propagates. It is these stresses which drive the propagation of the fracture: if there was no
tensile stress within the core, the fracture would stop propagating.

The fracture will

propagate as long as these stresses exist, and it will propagate in order to relax these
stresses. The configuration of the stresses within the core will determine the path which
the fracture takes. The reason for this is that fractures will propagate in the direction which
relaxes the greatest amount of tensile stress (Cotterell 1964; Gao 1993; Lawn 1993). This
principle has been well demonstrated by fracture mechanists, and it is important to
understand it if we wish to understand fracture paths produced in the flake production
events.

Engineers recognize three separate modes by which a material can fracture (Lawn 1993);
(Figure 3.4).

Mode I, or "opening" fracture occurs when a material is being pulled apart in a direction
perpendicular to the plane on which the fracture is propagating.

Mode II, or "shearing", occurs when a material is being torn apart in a direction parallel to
the plane of fracture, and where the forces applied are working in the same direction as the
direction in which the fracture is propagating.

Mode III, or "tearing" is another mode of shearing fracture, which is similar to Mode 11 in
that the forces are tearing the material in a direction along the plane of fracture, but in this
case the forces are acting in directions perpendicular to the direction of fracture
propagation.
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Figure 3.4. The three m o d e s by which a material can fracture (Lawn 1993).

These three modes of fracture describe every possible orientation of the fracture plane
relative to the direction of applied force. A fracture does not have to propagate continually
and exclusively in the one mode of fracture. For example, a fracture plane may be oriented
obliquely to the direction of applied force, being neither parallel or perpendicular to this
force, in which case the fracture would propagate in a combination of Mode I and Mode
III. Similarly, a fracture can change from one mode to another, if either the fracture plane
changes its orientation, or the direction of applied force changes.

In brittle materials, fractures will always tend to change their orientation to propagate in
Mode I (Cotterell 1964; Cotterell and Kamminga 1979; Lawn 1993: 23). To achieve this,
the orientation of the fracture plane will change as the fracture propagates, until the amount
of shear loading is minimised, and the amount of tensile loading is

maximised.

Consequently, a fracture will change its direction so that it is propagating in a direction at
right angles to the principal tensile stress (Cotterell 1965, 1966; Cotterell and Kamminga
1979; Cotterell and Rice 1980; Faulkner 1972).

This is known as the "law of normal

stress"(Faulkner 1972). The reason for this is that a fracture propagating at right angles to
the major tensile stress will achieve the maximum relaxation of stress within the material.

The law of normal stress has been well established by previous experimental research.
One such experiment (Erdogan and Sih 1963) is shown in Figure 3.5. In this experiment, a
plate of brittle material with a pre-existing slit machined into it was loaded in tension. The
loading was applied at an angle oblique to the slit. The slit consequently experienced both
tensile loading and shear loading.

When the loading eventually caused the plate to

fracture, the fracture did not follow the line of the slit. Instead, it followed a path at right
angles to the applied tensile loading. By following this path, the fracture eliminated shear
loading, and hence propagated purely in Mode I.
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Figure 3.5. T h e observed fracture paths in a plate of brittle material loaded in tension by f o r c e F
( E r d o g a n and Sih 1963). T h e left hand d i a g r a m s h o w s the stresses e x p e r i e n c e d by the slit w h e n the
loading is applied: the stresses have been resolved into M o d e 1 stresses, w h i c h act p e r p e n d i c u l a r to
the slit, and M o d e II stresses, w h i c h act parallel to the slit. T h e e x p e r i m e n t a l o b s e r v a t i o n of the
path which the f r a c t u r e took is s h o w n in the right hand d i a g r a m .

The tendency for a fracture to propagate in Mode I is often expressed as a fracture's
tendency to maintain a symmetrical stress pattern around the fracture tip (Cotterell and
Kamminga 1979, 1987; Cotterell, et al. 1985). In Mode II and Mode III fracture, the stress
around the fracture tip is asymmetrical: it is acting in different directions on either side of
the crack tip. In Mode 1, however, the stress around the crack tip is symmetrical: on either
side of the crack tip, the stresses are of the same orientation and the same magnitude.

In

changing from Mode III or Mode II to Mode I, the fracture is in essence changing its
orientation to achieve a situation where the stresses acting on the fracture tip are
symmetrical.

Modes of fracture in flake production

The law of normal stress has an important consequence for understanding the behaviour of
fracture paths. Any change in the stress field on one side of the fracture tip, which is not
mirrored on the other side, creates an asymmetric stress field ahead of the fracture. This
asymmetry will cause the direction of the major tensile stress to change, causing a change
in the direction of fracture propagation.

In order to understand the behaviour of fracture

paths, therefore, it is vital to visualise the stress vectors which operate around the fracture
tip.

Fortunately, these stress vectors can be readily calculated for a fracture propagating in
Mode 1.

The field of linear elastic fracture mechanics has mathematically solved the

direction and magnitude of the stresses acting around the tip of such a fracture (Irwin 1958;
Lawn 1993: 25; Paris and Sih 1964; Sih and Liebowitz 1968). Using these mathematical
formulae, the stress vectors around a fracture propagating in Mode I can be drawn (Figure
3.6).
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Figure 3.6. Vectorial representation of the stress field which exists in front of the tip of a f r a c t u r e
p r o p a g a t i n g purely in M o d e I.

Two axes are defined on which to draw stress vectors. The x axis runs parallel to the path
of the existing fracture, and the y axis runs perpendicular to the path of the existing
fracture. Both axes run through the fracture tip, and both are perpendicular to the fracture
front. Using the stress intensity factor of obsidian (Domanski, et al. 1994: 192, specimen
235), the stress vectors around the tip of a fracture propagating through an obsidian core
are calculated two-dimensionally (see Appendix A).

It is important to note that at all

points around the fracture tip, the stress vectors have both an x and y component, and that
the stress vectors are symmetrical around the x axis: in other words, the stress field on
either side of the fracture is equal in the magnitude and orientation of its vectors. As the
distance from the fracture tip increases, the magnitude of the stress vectors decreases.

It is worth noting that the directions of the stress vectors around the fracture tip do not
change with different materials.

The vector diagrams in this chapter have all been

calculated using the stress intensity factor necessary to fracture obsidian (Domanski, et al.
1994: 192, specimen 235), however using the critical stress intensity values of other
materials does not affect the angles of the stress vectors. This is because a difference in
fracture toughness will affect both the x and y components of stress to the same degree:
therefore, although the magnitude of the resultant stress vector changes, its angle remains
the same, regardless of raw material.

Because this diagram models the stress vectors around the tip of a fracture propagating in
mode I, the vectors are equal in orientation on either side of the x axis, creating symmetry
around the fracture tip. This symmetry maintains the fracture path along the x axis: if we
use the stress vectors to sketch the lines of maximum tensile stress, we can see that they are
perpendicular to the x axis. A fracture propagating in Mode I has directional stability: it
will keep propagating in the same direction, since in this direction it will travel
perpendicular to the principal tensile stress.

We must bear in mind, however, that the

diagram generated above shows the simple case of the stress vectors around a fracture
propagating solely in Mode I. The fracture situations which occur in knapping are often
more complex.

The diagram is valuable, however, since it allows us to envisage the

factors which are likely to perturb the pattern of stress around the fracture tip, creating
asymmetry and causing the fracture path to change.

It is unlikely that the fractures produced when flaking stone propagate with a significant
component of Mode III, relative to the much more important role played by Mode II and
Mode I.

The reason that Mode III is unlikely to be a significant component of flake-

producing fractures is that most stone flakes are wide, relative to their length (Cotterell and
Kamminga 1987). Consequently, flakes will not experience much lateral shearing stress as
they are removed from the nucleus, and the Mode III stresses acting on the fracture will be
minimal (Cotterell and Kamminga 1987: 693).

In flake production. Mode I fracture is complicated by the fact that the flake bends as it is
being detached from the nucleus. The flake can be viewed as a cantilever beam, with a
load being applied at the platform, and being anchored to the nucleus at the fracture tip.
One component of the load applied to the platform surface acts along the platform surface,
pulling the platform of the partially formed flake outward from the body of the nucleus.
This outward, or "tangential" component of the applied force is labelled "Q" (following
Cotterell and Kamminga 1987; Cotterell, et al. 1985)

As a beam bends, one half

experiences tensile stresses, while the other half experiences compressive forces. In the
case of the flake, the tensile stresses will act on the inner face of the flake (the ventral
surface), while the compressive stresses act on the dorsal surface. The bending stresses
create an asymmetric pattern of stress around the fracture tip.

Instead of a simple,

symmetrical pattern of stress, as would normally occur in Mode I fracture, the bending of
the flake increases the tensile stress on one side of the fracture tip: the side adjacent to the
free surface (Figure 3.7). The fracture will respond to this by propagating toward the free
surface, since by doing this it will relax the greatest amount of tensile stress. The effect of
flake bending is to complicate Mode I fracture, making it inherently asymmetrical, and
causing the fracture path to propagate toward the free surface.
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Figure 3.7. The bending stresses in a partially formed flake cause the fracture to propagate toward
the free surface.

Bending stresses will occur in all flake-producing fractures, since all flakes removed from
a nucleus will bend to some degree as they are being formed.

Descriptions of the

percussion flaking techniques employed by knappers generally describe the knapper
applying a blow obliquely to the platform of the nucleus (Bordaz 1970; Crabtree 1972b,
1973; Mewhinney 1957; Whittaker 1994; Witthoft 1957a, 1957c). An oblique blow is one
which impacts the platform at an angle less than ninety degrees, which transfers force
obliquely into the nucleus (Cotterell and Kamminga 1987; Cotterell, et al. 1985), that is
with a tangential component of force "Q" as well as a direct component of force "P"
(Figure 3.8). Similarly in pressure flaking, even when the pressure tool is placed at right
angles to the platform surface, knappers often describe themselves applying an outward, or
tangential, component of force to the platform (Callahan 1984; Crabtree 1968; Patten
1978; Whittaker 1994). There is a good reason for applying a tangential force component
to the platform: imparting an oblique force to the nucleus creates much larger Hertzian
stresses (Lawn 1967), making it easier to initiate fracture and remove a flake (Crabtree
1972b; Faulkner 1972). Laboratory experiments have attempted to eliminate the tangential
force by producing flakes applying force at right angles to the nucleus surface, or even at
angles directed into the nucleus (Cotterell, et al. 1985; Faulkner 1972).

Even in these

situations, however, it is almost certain that the flakes produced experienced some bending
as they were detached from the nucleus, due to the buckling which inevitably occurs when
a thin and unsupported piece of material is subjected to a compressive load (Charlton 1982;

Kendall 1978; Parker and Ambrose 1989; Thouless, et al. 1987). It therefore seems safe to
assume that all flakes produced by knapping experience bending stresses analogous to
those experienced by a bending beam.

\
Platform surface

\

Applied force
\

\

/

Fracture

/-V

1)

Figure 3.8. Force applied to the platform surface can be broken down into two components: a
tangential component (Q) and a direct component (P). (after Cotterell, et al. 1985)

Flake bending provides an explanation of why a flake-producing fracture propagates
toward the free surface. This explains why the fracture does not follow the orientation of
the Hertzian cone, but instead curves toward the free surface, forming the bulb of force.
This leaves one question still to answer, however: why doesn't the fracture continue its
path toward the free surface, exiting the nucleus immediately in a hinge termination?

One stabilising factor which operates on the fracture is the direct component of force, P,
applied at the platform.

This direct component of the applied force introduces a

component of Mode II, or shearing, stresses to the fracture tip. The effect of introducing a
component of Mode II fracture is to cause the fracture to curve away from the free surface,
into the core (Thouless, et al. 1987). The direct component of force (P) constitutes a Mode
II, or shear, loading.

This creates a compressive stress field within the partially formed

flake, and a tensile stress field in the main body of the core (Lawn 1993: 27; Tsirk 2009).
This gives the fracture a tendency to propagate into the core, as this path will result in the
relaxation of the maximum amount of tensile stress (Figure 3.9).
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Figure 3.9. The Mode II component of fracture (caused by the direct component of force, P),
causes the fracture to propagate away from the free surface. The direct component of force creates
a compressive stress field in the partially formed flake, and a tensile stress field on the other side of
the fracture tip, in the main body of the core.

This means that the two different fracture modes. Mode I and Mode II, have opposite
effects on the fracture path.

In Mode I, the fracture will tend to curve toward the free

surface, because of the bending stresses in the flake. In Mode II, the fracture will tend to
curve in the opposite direction, into the core. It is possible, therefore, that the stability of
the fracture path which is needed to create long thin flakes is the result of an equilibrium
between these two modes. At some point the compressive and tensile stress fields set up
by Mode II fracture will exactly balance the tensile bending stress caused by Mode I, and
the fracture will have directional stability, neither curving toward nor away from the free
surface. Is it possible for the knapper to achieve such a delicate balance, however?

For

such a balance to exist, the two components of loading force, P and Q, would have to be at
a certain ratio to one another: in other words, the angle of blow would have to be very
precise.

Furthermore, the bending stresses in the flake will increase as the flake length

increases, due to the principle that a longer beam will deflect more than a shorter beam
under the same loading.

Therefore, the ratio of P to Q required to maintain directional

stability will change constantly as the fracture propagates.

The situation becomes even

more complicated if the free surface of the core is curved in any way, as this would
necessitate the knapper further adjusting the force angle, and doing so in the fraction of a
second it takes for the fracture to propagate.
precise control over the force angle is debatable.

Whether or not a knapper can exert such

It seems logical to assume that some other mechanism operates to create directional
stability of the fracture path during the striking of a flake.

Cotterell and Kamminga

attempted to explain why this should happen on the basis of the flake's beam-like
behaviour (Cotterell and Kamminga 1979, 1987).

They argued that the bending of the

flake will actually cause the tangential component of force (Q) to relax. The relaxation of
the tangential component of force will alter the angle at which the loading is being
imparted to the nucleus: there will be a much greater direct component of force (P). On the
basis of mathematical models, they calculated that keeping the angle of force low, in other
words maintaining a large direct component of force, has the effect of keeping the stress
field around the fracture tip symmetrical, ensuring that the fracture propagates in Mode I,
and has directional stability (Cotterell, et al. 1985:214). They argued that if the fracture
should by chance deviate from its path and propagate toward the free surface, the
tangential component of force would relax further, due to the increased bending allowed by
the flake decreasing in thickness. As a consequence of this relaxation of the tangential
component of force, the fracture would be driven almost exclusively by the direct
component of force. In other words, the fracture would be propagating in shear, or Mode
II. To avoid this situation, the fracture would deviate back to its original path, to propagate
in Mode I again. This "self-correcting mechanism" ensures that the fracture path is stable,
and that the fracture propagates parallel to the free surface (Cotterell, et al. 1985: 218).

It is interesting to note that Cotterell and Kamminga clearly acknowledge that flake
bending causes the fracture to run toward the free surface. When discussing the initial
stages of fracture propagation, they state "The crack that extends the partial cone
propagates initially into the body of the nucleus, and in doing so increases the outward
bending on the developing flake. This increase in outward bending causes the crack to
curve back toward the surface of the nucleus to complete the bulb of force." (Cotterell and
Kamminga 1987: 685 - 687). They also state that "the fingertips may be held against the
side of the nucleus to exert an inward force on the developing flake, thereby reducing the
bending component." (Cotterell and Kamminga 1987: 694), and giving the fracture
direcfional stability (Cotterell and Kamminga 1979: 103).

These statements show that

Cotterell and Kamminga recognise the fact that the bending of the flake causes the fracture
to curve toward the free surface. It seems strange, therefore, that they should use flake
bending to generate their "self-correcting mechanism", as this means that bending is
responsible for both causing the fracture to run toward the free surface, and also for

preventing

it from doing this very thing. This is a serious contradiction in their fracture

model.

Cotterell and Kamminga's work houses another contradiction. In both their major papers,
they contend that the flake-producing fracture will only have directional stability if it
propagates purely in Mode I (Cotterell and Kamminga 1987: 694; Cotterell, et al. 1985:
214). Their beam mathematics indicates, however, that for the fracture to run parallel to
the free surface of the nucleus, the angle at which the loading is applied needs to decrease
(Cotterell and Kamminga 1987: 695, figure 17; Cotterell, et al. 1985: figure 7). In other
words, the direct component of force, P, needs to increase relative to the tangential
component. The direct component of force, however, constitutes a shear load on the flake.
The effect of the direct component of force is to create a compressive stress field down the
flake, and to drive the fracture in Mode II. It seems therefore to be incorrect to state that
the fractures produced by knapping propagate in pure Mode I: it seems much more sensible
to conclude that propagation is of mixed mode, incorporating both Mode I and Mode II
(Chiu, et al. 1998; Thouless, et al. 1987; Tsirk 2009).

I believe that Cotterell and Kamminga's self-correcting mechanism is inadequate to
explain the directional stability of the fracture path. The fundamental basis for Cotterell
and Kamminga's self-correcting mechanism is the concept that the bending of the flake
will relax the tangential force. Cotterell and Kamminga state that the tangential component
of force is relaxed because the flake is less stiff in bending than in compression (Cotterell
and Kamminga 1987: 695; Cotterell, et al. 1985: 220). This concept, on which the whole
self-correcting mechanism is based, is false.

When a beam is loaded, it will deflect

elastically, but this deflection will not have the effect of relaxing the load applied to it.
This would violate the principle of mechanical equilibrium, which states that the beam will
deflect to the point where the stresses in the beam exactly balance the loading applied
(Benbow and Roesler 1957; Charlton 1982; Gordon 1968, 1987; Long 1961; Parker and
Ambrose 1989; Sokolnikoff and Specht 1946; Southwell 1941; Timoshenko 1965). Just
because a beam (or flake) deflects, it does not mean that it no longer experiences any
loading. On the contrary, this very deflection creates the tensile and compressive stress
fields which, as discussed above, have such a significant effect on the fracture path. There
is, therefore, no way that flake bending can relax the tangential loading, as argued by
Cotterell and Kamminga.

The free surface effect: a new model explaining fracture path stability

I propose that the proximity of a free surface has an effect on the fracture path, and it is this
effect which acts to produce the directional stability commonly seen in the fractures which
produce stone flakes. A free surface has the effect of reducing the stress being experienced
by the material near it. This is because the material near a free surface is able to move
more freely, since it is bounded only by air.

In the discussion of the energetics of the

fracture path, I described the way in which the material around a fracture is able to "gape",
or displace, and to relax the stress it experiences as a result.

The material near a free

surface will be able to displace, and relax stress, in the same way.

The material near a free surface is able to displace in a direction perpendicular to the free
surface, since it is in this direction that it is bounded by air, rather than by a mass of elastic
material.

Consequently, the stresses which act in a direction perpendicular to the free

surface are relaxed to some extent. The extent to which stress at any particular point in the
material depends on how far that point is from the free surface: the nearer to the free
surface, the greater will the relaxing effect be.

At points on the free surface, the stress

acting in the direction perpendicular to the free surface will be zero. As the distance to the
free surface increases, the proportion of stress which is relaxed by the free surface will
decline.

This phenomenon, which will be termed the "free surface effect" for the purposes of this
thesis, has significant consequences for the fracture path, since it alters the patterns of
stress which occur around the fracture tip.

As seen in Figure 3.6, when a fracture is

propagating purely in Mode I, the stress around the fracture tip is symmetrical.

The

greatest tensile stress which acts perpendicular to the fracture tip lies directly in line with
the fracture. Mode 1 fractures are directionally stable for this reason, since they will act to
relax the greatest amount of stress if they continue to propagate on the same path. If a free
surface is present on one side of the fracture, however, the pattern of stress vectors around
the fracture tip will become asymmetrical. Tensile stress on the side of the fracture nearest
to the free surface will be relaxed to a greater extent than tensile stress on the other side of
the fracture. The asymmetry in stress caused by the free surface means that the maximum
tensile stress will no longer occur directly ahead of the fracture tip. Instead, the location of

the m a x i m u m tensile stress will be shifted away fi-om the free surface.

To relax the

m a x i m u m tensile stress, therefore, the fracture will need to divert in its path and veer a w a y
f r o m the free surface. The effect which a free surface has on the stress vectors around the
fracture tip can be modelled mathematically (see Appendix B), and plotted diagramatically
(Figure 3.10). Modelling the effect clearly demonstrates that the effect of the free surface
on stress vectors around the fracture tip means that free surfaces will exert an effect on
fracture paths.
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Figure 3.10. The effect of a free surface on the stress vectors around the tip of a propagating
fracture. In this example, the free surface is placed 3mm away from the fracture tip.

The free surface effect becomes more pronounced according to h o w close the free surface
is to the propagating fracture.

A model of stress vectors shows h o w the asymmetry

produced by the free surface is much more pronounced if the distance to the free surface is
reduced by one third (Figure 3.11, compared with Figure 3.10).

As the asymmetry of

stress vectors around the fracture tip becomes greater, its influence on the fracture path will
become greater, and fractures will show a greater tendency to veer away from the free
surface. A s the free surface moves closer to the fracture, it shifts the location of m a x i m u m

tensile stress so that it lies further away from the fracture's current path.

The degree to

which the fracture must change direction to propagate through this point of maximum
tensile stress is increased as a consequence.
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Figure 3.11. The free surface effect creates a more pronounced asymmetry of stress vectors if the
free surface is moved closer to the propagating fracture, in this example, the free surface is located
2mm away from the fracture tip.

It is important to note that the free surface effect is independent of the overall stress
intensity being experienced by the piece of stone being flaked (see Appendix B).

The

overall stress within the stone nucleus does not affect to extent to which the free surface
acts to relax the stress around the fracture tip. The consequence of this is that the free
surface effect is independent of the specific raw material being flaked, and is independent
of the force being applied to the platform by the indenter.

Whatever the overall stress

acting to produce the fracture, the asymmetry of stress created by the free surface remains
the same. The only variable which has relevance in determining the degree to which a free
surface will affect the fracture path is the distance from the fracture to the free surface.

The free surface effect can be used to explain phenomena, observed by several researchers,
which indicate that fractures will sometimes deviate dramatically in their path as they
approach a free surface.

Cotterell and Kamminga described terminations in which a

fracture propagating towards a free surface deviates to run almost parallel to that surface
before finally terminating. They called these terminations "finials" collectively, labelling
them as "reflex" and "retroflex" terminations according to whether the deviation of the
fracture path was in a direction away from or toward the platform surface, respectively
(Cotterell and Kamminga 1986). Before Cotterell and Kamminga, finial terminations had
been observed by Warren, who described them as bending fractures (Warren 1914: 419);
by Sollberger (Sollberger 1986); by Lenoir, who called them Languette fractures (Lenoir
1975); and by Mewhinney, who observed a retroflex termination which he called an
exaggerated hinge termination (Mewhinney 1963). The principle of the free surface effect
developed here provides an explanation of why fractures have been observed to deviate
away from free surfaces rather than maintaining the same path as they approached the free
surface.

Three factors have so far been demonstrated to have an effect on the path of a flakeproducing fracture. The first of these factors is the bending stresses generated by the Mode
I component of fracture, induced by the tangential component of force imparted to the
nucleus by the indenter. The second factor is the Mode II component of fracture, which is
induced by the direct component of force imparted to the nucleus by the indenter.

The

third factor is the free surface effect. One of these factors (the bending stresses caused by
Mode I fracture) exerts a force drawing the fracture toward the free surface. The other two
factors (Mode II fracture and the free surface effect) exert a force causing the fracture to
travel away from the free surface. It is proposed here that the fracture path which occurs
during the creation of a stone fiake is the result of an equilibrium between these three
factors. It can be assumed that in the majority of cases, the influence of Mode II fracture is
not as great as the influence of Mode I fracture, resulting in a force which draws the
fracture toward the free surface. If this is not the case, and the Mode II effect is greater
than the bending stresses caused by Mode I, then the fracture will dive into the nucleus,
travelling away from the free surface. This will result in either an outrepasse termination,
or an incipient fracture, if the fracture runs out of energy before it can travel through the
nucleus. The majority of flake-producing fractures do not follow this pattern, and so it can
be assumed that the net effect of the Mode I and Mode II components of fracture is a force

drawing the fracture toward the free surface, rather than away from it. The free surface
effect is dependent upon the distance from the fracture tip to the free surface: the nearer to
the free surface the fracture tip is, the greater the free surface effect will be. Consequently,
at some distance from the free surface the fracture tip will be in a state of equilibrium,
where the force acting upon it to travel toward the free surface is exactly balanced by the
force acting upon it to travel away from the free surface. The fracture path which results
will be a direct result of the fracture tip maintaining a distance from the free surface where
these two forces are in equilibrium.

This proposed

equilibrium

would

be stable and able to recover from

temporary

disturbances. Localised variations in material properties, for example local anisotropy and
the presence of impurities, can lead to a fracture being diverted from its path (Cotterell
1965). If a fracture experienced a minor disruption of its path and was diverted away from
the free surface, then the free surface effect would be slightly lessened. The bending stress
brought about by the tangential force acting on the platform surface would be unchanged,
meanwhile, and so the fracture would be drawn back toward the free surface until it again
lay at the equilibrium point. Conversely, if a small disturbance to the fracture path led to
its being diverted toward the free surface, an increase in the magnitude of the free surface
effect would cause it to veer away from the free surface until it again reached the
equilibrium point. The equilibrium would therefore function to ensure directional stability
of the fracture path, and would act to stabilise itself following minor disruptions of the
fracture path.

The equilibrium is an ever-changing one: as a fracture propagates, the length of the
partially formed flake increases. This increase in length means that the partially-detached
flake becomes a longer "beam", leading to an increase in the bending stresses within the
flake.

This occurs because of the fact that a longer beam with a load acting on it will

experience more bending stress than a shorter beam subject to the same loading (Gordon
1968, 1987). Therefore, as the fracture propagates through the nucleus, the force acting to
draw the fracture path toward the free surface steadily increases. It is for this reason that
flakes are typically wedge-shaped in longitudinal section: in practice, the fracture path
generally does not run exactly parallel to the free surface, but gradually approaches it. If
this trend continues, the fracture path and the free surface will converge in a feather
termination. The equilibrium which determines the fracture path is therefore not constant.

but will change as the fracture propagates further and further away from the point of
initiation.

The equilibrium also has the potential to become unstable if the path of the fracture is
disrupted or alters suddenly. As a fracture moves closer to the free surface, one result is
that the thickness of the partially detached flake is reduced.

A sudden reduction in

thickness will mean a sudden increase in the bending stress in this thinner section of the
flake. This increased bending stress will have the effect of drawing the fracture towards
the free surface. A situation of "positive feedback" will occur, in which the movement of
the fracture toward the free surface causes an increase in bending stress, which causes a
movement of the fracture toward the free surface. Consequently, if the increase in bending
stress is rapid enough, it could overpower the stabilising influence of the free surface
effect, with the result that the fracture will continue on its new path towards the free
surface. A sudden deviation of the fracture path towards the free surface can therefore
destabilise the equilibrium which ordinarily sustains the directional stability of the fracture
path. The equilibrium between the free surface effect and the bending stress set up by the
applied force is probably best viewed as being stable in its ability to deal with small
perturbations of the fracture path, but vulnerable to larger disruptions of the fracture path.

Dynamic systems in flake production

The equilibrium model described in the previous section is based on principles of loading
and the stresses which they produce which are static in nature. It assumes that the forces
applied to the platform directly drive the stresses at the fracture tip, and that these stresses
do not change rapidly, but only according to the thickness and length of the flake, and the
vector of the applied force.

At any instant, therefore, the stresses at the fracture tip

correspond exactly to the magnitude and angle of the applied force, as well as the length
and thickness of the partially formed flake. It is certainly the case that in addition to this
static s) stem, a number of dynamic processes will also occur to affect fracture propagation.
A dynamic system, is one in which the forces applied to the platform surface are out of
step with the stresses at the fracture tip, due to the inertia of the material and the time
which it takes for stresses to be transmitted through the piece being flaked.

A d>namic system is defined as one which proceeds at such rapidity that inertial forces
begin to assume importance (.luvinall 1967). A simple analogy of moving a body along a
flat surface can illustrate what is meant by a dynamic system. If force is applied gradually
to the body, and the force is maintained, then the body will begin to move, and the only
force impeding the mo\ ement of the body will be the friction between it and the surface it
is mo\ ing across. The inertia of the body is of no importance here, as the initial applied
force was small, and was increased gradually until the body began to move.

If, on the

other hand, a large force was applied rapidly to the body, then the body's inertia would be
of primary importance in resisting this force, and impeding the movement of the body
alona the surface. It is this primacy of inertial forces which makes a system dynamic.

The production of stone

flakes

involves dynamic systems, since it involves rapid

displacement of material: consequently, the inertia of the material is likely to become an
important factor. The \ elocity of fractures produced in knapping are in the order of 200 1000 metres per second (Cotterell and Kamminga 1979, 1987; Cotterell, et al. 1985;
Crabtree 1968: Faulkner 1972; Goodman 1944; Hutchings 1999; Swanson 1966).

The

fracture process in\olves the displacement of material, as the flake is accelerated away
from the core by the creation of the force being applied to its platform. The velocity of
fracture ensures that the acceleration of material is rapid, which leads us to expect that

dynamic effects will assume importance in the fracture process. This section describes the
ways in which dynamic processes can affect the fracture path.

Possibly the most important dynamic effect in knapping is the creation of stress waves.
Stress waves result from a sudden displacement of material in a localized area.

This

displacement occurs when energy is suddenly applied to an area of the core: this energy is
then carried to other parts of the material in the form of stress waves. A simple analogy is
of a taut rope which is struck or plucked at one end: the displacement of the piece of rope
which was plucked is then transferred through the rope in the form of a wave.

Stress

waves in stone can be of two types: transverse waves or longitudinal waves (Faulkner
1972). Transverse waves cause a displacement of material perpendicular to their direction
of travel, just like a wave travelling along a rope. This displacement of material constitutes
a strain, and hence stress. Therefore, a transverse stress wave is one which causes stress to
act perpendicular to the direction of its travel. Longitudinal waves cause a displacement of
material (and hence stress) along their direction of travel. A sound wave is an example of
a longitudinal wave: it propagates by displacing particles in the air along its direction of
travel, in a series of compressive and tensile pulses.

The stress waves which occur during knapping can be produced both by the impact of the
indenter (in percussion flaking), and by the fracture front itself

Clearly, the percussive

impact of a hammer stone causes a rapid and localized displacement of the material on the
platform surface of the flake: this displacement is then transmitted by stress waves.

The

formation of fracture similarly causes a rapid and localized displacement of material: when
the advancing fracture front breaks the bonds between particles, these particles rapidly
accelerate away from each other, and attain kinetic energy (Bonamy and Ravi-Chandar
2005; Faulkner 1972). Therefore, the fracture front generates stress waves: this will occur
both in percussion and pressure flaking.

The stress waves generated by these two

processes will propagate in all directions throughout the material.

When a stress wave

reaches a free surface, it will reflect back into the core (Bonamy and Ravi-Chandar 2005;
Dally, et al. 1959; Fonseca, et al. 1971; Kolsky 1963; Kolsky and Rader 1968; Lawn 1993;
Speth 1972).

Furthermore, when a stress wave is reflected from a free surface its phase

will be reversed, so that a compressive pulse becomes tensile, and vice versa (Kolsky and
Rader 1968; Speth 1972, 1974). These reflected stress waves can have a significant effect
on the fracture path. Previous researchers have noted that reflected stress waves can cause

the fracture to deviate, resulting in undulations (Faulkner

1972) and Wallner lines

(Bonamy and Ravi-Chandar 2005; Hutchings 1999; Sharon, et al. 2001). If the deviation
in fracture path is severe enough, it could disrupt the equilibrium between the applied force
and the free surface effect, leading to the fracture turning toward a free surface and
terminating abruptly, or plunging into the body of the piece being flaked.

Dynamic processes involved in fracture initiation

The most important question concerning fracture initiation is one of energetics: under what
circumstances will an applied force supply enough energy to initiate fracture? To answer
this question, it is important to look at the techniques of loading which are used in
knapping, and the ways in which different loading regimes can be applied to the platform
of a stone nucleus, as well as the characteristics of the platform itself which will determine
whether or not a flake-producing fracture will be initiated.

The force requirements for a successful fracture initiation clearly have little to do with the
mechanics of Hertzian cone formation. A given force can be sufficient to form a Hertzian
cone, but insufficient to initiate a flake-producing fracture, as seen repeatedly in controlled
experimental flaking situations (Lawn 1967, 1993; Lawn and Marshall 1979; Macgregor
2001, 2005; Morrell and Gant 2001; Pelcin 1996; Speth 1974).

Any applied force will

form a Hertzian cone, since the Hertzian cone is the product of an area of compressive
force produced by impact (Cotterell and Kamminga 1979, 1987; Cotterell, et al. 1985;
Lawn 1993; Lawn and Marshall 1979). The formation of a Hertzian cone represents the
failure of the material under the platform surface under compression.

The subsequent

phases of the fracture process, by contrast, result from the failure of the material under
tension. Flake formation results from the applied force "peeling" the flake outwards away
from the core, propagating the flake-producing fracture through tensile stresses.

So

although the ventral surface of the resulting flake shows no sharp transition between the
remnants of the cone and the rest of the fracture surface, it is reasonable to view the
fracture process as being in two distinct phases: the formation of the Hertzian cone, and the
continuation of one part of the cone into the subsequent flake-producing fracture (Cotterell
and Kamminga 1979, 1987; Cotterell, et al. 1985; Lawn 1993; Lawn and Marshall 1979).

For the flake producing fracture to begin propagating out from the inside edge of the
Hertzian cone, sufficient tensile stress must be supplied by the force being applied to the
fracture surface. The amount of stress present at the tip of the Hertzian cone depends on
the size of the Hertzian cone, and the vector of the force being applied. The applied force
can be rationalised into two vectors (as described earlier in this chapter), one operating into
the core (P), and one operating outwards along the platform surface (Q).

At fracture

initiation, it can be assumed that the partially-formed flake is of negligible length, and that
therefore doesn't experience significant bending stress. With this assumption, the simple
case occurs that the force P creates shear stress (Mode II) at the fracture tip, while the force
Q creates tensile stress (Mode I) at the fracture tip. It is the tensile stress which will drive
the fracture, so fracture will be more likely to initiate the greater the Q component is. The
knapper's ability to increase the outward force is limited, however, by the limits of friction
between the platform and the indenter. If friction is insufficient, the indenter will simply
slide across the platform, supplying little or no energy for fracture. Frictional force can
only be increased by increasing the direct force component.

Optimising the two

components of the applied force is therefore a question of balancing a sufficient direct
force component to hold the indenter onto the platform surface while retaining the
maximum possible outward component.

In the simple case of pressure flaking, where force is applied to the platform and increased
gradually until fracture occurs, fracture will initiate when the stresses at the tip of the
Hertzian cone fracture reach a sufficient threshold level to break the inter-molecular bonds
in this region and begin fracture propagation.

The situation is more complex for

percussion flaking or punch flaking, where force is applied over a relatively short space of
time. In these situations, fracture initiation has a very small window of time in which to
occur, and a number of dynamic effects come into play in determining whether fracture
inifiadon is possible. Primarily, the forces which the knapper is able to supply are much
greater in percussion flaking, since the momentum of the hammer provides a greater
amount of energy than can be provided under by pressure flaking techniques. It is for this
reason that percussion flaking is generally associated with the production of larger flakes
than pressure flaking. Immobilisation of the core also becomes less of a problem, since the
core's inertia will give it an increased resistance against deflecting when the force is
applied to it.
initiation.

At another level, however, inertia functions as an inhibitor to fracture

As discussed earlier in this chapter, stress can only be induced in a material if the material
strains, or deflects. After the force applied to the platform produces a Hertzian cone, it
must deflect the section of stone between the point of force application and the nearest free
surface away from the nucleus in order for the fracture to propagate out from the Hertzian
cone.

In other words, it must deflect the area of the nucleus which will become the

platform surface of the resulting flake, in order to start the process of "peeling" the flake
off the nucleus (Figure 3.12). This section of the core will provide a resisting inertial force
acting to prevent this deflection. Therefore, the inertia of the material between the indenter
and the free surface will need to be overcome by the energy of the applied force in order
for the fracture to successfully initiate. Wherever the force is applied to the platform, there
will be an amount of platform inertia which resists the propagation of the fracture from the
initiation point.
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Figure 3.12. Force applied to the platform surface must o v e r c o m e the inertia o f an area o f material
lying between the initiated Hertzian cone and the platform edge in order for the fracture to
propagate out from the Hertzian cone (shaded region s h o w s the possible size and configuration o f
this area o f material).

Platform inertia helps to explain many of the phenomena of fracture initiation which have
been observed by knappers and by controlled experimental flake production. Primarily, it
explains why fracture is harder to initiate when either the platform thickness or the

platform width are increased, as has been observed by various experimenters (Dibble and
Chase 1981; Dibble and Pelcin 1995; Macgregor 2001, 2005; Morrell and Gant 2001;
Pelein 1996, 1997a, 1997b, 1997c, 1998; Speth 1974). In either case, the area of material
which needs to deflect away from the core is higher, and so provides more resistance.
Similarly, fractures are more difficult to initiate when the exterior platform angle (EPA) is
increased (Dibble and Chase 1981; Dibble and Pelcin 1995; Macgregor 2001, 2005;
Morrell and Gant 2001; Pelcin 1996, 1997a, 1997b, 1997c, 1998; Speth 1974). This effect
provides evidence that the area of material being deflected away from the core varies
according to the morphology of the free surface, which is hardly a surprising fact.
Logically, the area of material will extend down into the core to some degree, and is likely
to be roughly triangular, extending out to the core's free surface.

Decreasing the edge

angle of the core will decrease the area of material, by bringing the free surface closer to
the point of force application (Figure 3.13).

At low exterior platform angles, therefore,

there will be less resistance to deflection away from the core, and so fractures will initiate
more easily.
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F i g u r e 3.13. R e d u c i n g t h e E P A will r e d u c e t h e area o f material w h o s e inertia resists f r a c t u r e
initiation.

Some strategies of platform preparation employed by knappers function to reduce platform
rigidity in order to make fracture initiation easier. Platform faceting is widely employed in

Levallois assemblages, and often has the effect of creating a projecting "chapeau de
gendarme" platform on flakes.

Previous researchers have identified this as a way of

isolating the platform and making it easier to hit. This explanation does not seem adequate
to explain the phenomenon, though, since most Levallois flakes are quite large, and hitting
the platform would presumably not call for a remarkably high degree of accuracy and skill.
Isolating the platform does make a great deal of sense if we accept the importance of
platform inertia.

Removing the material at the margins of the platform to create the

projecting chapeau effectively reduces the width of the platform, decreasing the quantity of
material whose inertia needs to be overcome in order for the fracture to begin propagating.
This consequently decreases the energy needed to overcome the inertia of the platform, and
initiate the fracture (Figure 3.14).

The advantages for the knapper are that less force is

required to successfully initiate the fracture, and simultaneously the piece being flaked
does not have to be secured, or immobilised, to the same extent.

It is worth noting that

platform faceting in Levallois assemblages has been dismissed as a purely "stylistic" trait
by at least one researcher (Mellars 1970: 80).

Developing an understanding of the

mechanics of fracture initiation demonstrates that this aspect of knapping behaviour does
in fact have relevance to the process of tlake production.
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Figure 3.14. Decreasing platform inertia through "Chapeau de Gendarme" platform faceting

Overhang removal could also function to decrease the inertia of the platform, since it
removes material from the edge of the core and creates a smaller platform with less inertia.
Removing the overhang decreases the thickness of the platform, thereby stripping it of
some of its inertia (Figure 3.15).

Overhang removal can also be used as a strategy of

reducing the width of the platform. If material is removed from either side of the planned
point of force application, then the width of the platform is decreased (Figure 3.16). This
process of decreasing platform width and isolating the platform has been cited by m o d e m
replicators as a means of facilitating flake removal (Sollberger and Patterson 1976: 521).
The effect which overhang removal could have on decreasing the inertia of the platform,
and thereby facilitating fracture initiation, indicates that overhang removal could have been
employed by prehistoric knappers as a means of making flake production easier by
decreasing the amount of force needed to initiate a fracture. Understanding the mechanics
of fracture initiation therefore indicates that overhang removal might not simply have been
a means of isolating the platform surface to make it more easy to hit accurately (e.g.
Newcomer 1975).
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Figure 3.15. Decreasing platform inertia through carrying out overhang removal to decrease the
distance between the Hertzian cone and the edge of the nucleus.
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Figure 3.16. Overhang removal on either side o f the point o f force application effectively
decreases the width o f the platform, which decreases platform inertia by decreasing the area o f
material between the Hertzian cone and the platform edge.

Another dynamic effect which probably has great importance in the flake production
process results from the rapidity of loading relative to the propagation of the fracture. If
loading increases faster than the fracture propagation can relax stress in the core, then
secondary fractures may occur.

There is experimental evidence that longitudinal cone

splits are an example of secondary fractures resulting from the dynamic nature of flake
production.

In the controlled experiments carried out during this project, where applied

force is held constant, longitudinal cone splitting occurs when the force is applied very
near to the edge of the platform (in other words, at low values of platform thickness). At
these low platform thicknesses, the force applied is greatly in excess of that required to
produce a flake, as evidence by the fact that an equivalent force can remove flakes from
much higher platform thicknesses.

In other words, the applied force is capable of

accelerating the platform much faster than is required to initiate fracture. The speed of
fracture propagation is limited by the speed of sound waves within the core (Cottereli
1966, 1968; Cottereli, et al. 1985; Faulkner 1972; Gao 1993; Lawn 1993), so it is likely
that cone splitting occurs as a result of the platform being torn away from the core quicker

than the propagation of the fracture can relax the bending stresses in the d e v e l o p i n g
platform.

T h e s e b e n d i n g stresses in the partially-formed platform of the flake will be roughly
a n a l o g o u s to those in a d o u b l e cantilever beam (Figure 3.17), and will result in the failure
of the developing platform in a direction perpendicular to the primary propagating fracture.
This secondary fracture will bifurcate the developing platform, and continue propagating
d o w n through the developing flake to split it in h a l f

Experimentally produced c o n e splits

clearly s h o w that cone-splitting occurs as the flake is forming. In m a n y cases, the length
and termination of the two halves of the split flake are very different. Analysis of fracture
m a r k i n g s on flakes and cores also demonstrate that longitudinal splitting occurs during the
flake production event (Tsirk 2010). C o n e splitting therefore does not occur after the flake
has been detached, but occurs during the flake production process.
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Figure 3.17. View of the platform surface from above, showing bending stress in the developing
platform leading to a longitudinal cone split while the flake is forming. As the primary fracture
propagates outward from the Hertzian cone (a), the applied force causes the platform to strain
outwards. This sets up a tensile stress field at the platform edge, and a compressive stress field
near the Hertzian cone. If the tensile stress field becomes large enough, a splitting fracture will
initiate (b), and propagate through the tensile stress field, from the platform edge to the Hertzian
cone.

Successfully initiating a

flake-producing

fracture is very important for the production of

artefacts, since failure to initiate fracture can be costly. Since any force applied to the core
platform will produce a Hertzian cone fracture, the consequence of the cone failing to
develop into an "opening" fracture which removes a flake is that an incipient cone fracture
will remain in the platform surface.

These incipient cones can make further

flaking

problematic, as they provide unpredictable flaws in the platform surface, and can effect the
morphology of flakes subsequently struck from the core (Crabtree 1972a; Whittaker 1994).
Because of this, understanding fracture initiation is important to our understanding of
reductive difficulty, as it enables us to identify situations within the flake production
process which reduce or increase the risk of failing to initiate a fracture.

Dynamic processes operating during fracture propagation

In the same way that the applied force must overcome the inertia of the platform in order to
initiate the

flake-producing

fracture, inertial properties of the partially formed flake can

affect the fracture throughout its propagation.

As the fracture propagates, the partially-

formed flake is deflected away from the nucleus by the force being applied to the platform.
As discussed earlier in this chapter, the deflection of the partially formed flake by the
applied force produces a bending stress in the partially formed flake. This bending stress
helps the fracture front to propagate through the core.

In turn, the propagation of the

fracture front ensures that the bending stress does not become too large: if the fracture did
not propagate, the applied force would deflect the partially formed flake more and more,
until the bending stress became too great and the flake snapped. In the simple case where
only static processes apply, the propagation of the fracture and the deflection of the
partially formed flake occur at comparable rates: after all, it is the deflection of the
partially formed flake which drives fracture propagation.

In other words, the bending

stress in the partially formed flake is prevented from becoming too large because the
propagation of the fracture allows the partially formed flake to continue deflecting away
from the nucleus.

This situation is illustrated in figure 3.18: we can imagine a unit of deflection of the
partially formed flake, delta X, being balanced by a commensurate advance of the fracture
front, delta L. The advance of the fracture is enabled by the deflection of the region of the
flake near the fracture front - this is labelled as delta X*.
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Figure 3.18. Under static fracture conditions, the bending stress created by displacement of the
platform (delta X) is balanced by advancement of the fracture front (delta L) and the deflection of
the partially formed flake (delta X*).

This situation is complicated by dynamic processes, however, if the inertia of the partially
formed flake changes during fracture propagation.

If the inertia of the partially formed

flake increases as the fracture propagates, then it will not deflect away from the rest of the
nucleus as rapidly. A sudden increase in inertia will interfere with the balance between the
displacement of the platform and the deflection of the partially formed flake away from the
nucleus. If the partially formed flake ceases to deflect away from the nucleus, or if the rate
at which it deflects is slowed, the displacement of the platform surface will increase the
magnitude of the bending stress. This increase in bending stress will have the effect of
causing the fracture to propagate towards the free surface. The mechanism through which
the bending stress alters the direction of fracture propagation was discussed previously in
this chapter.

A sudden increase in the thickness o f the partially formed flake will be one way in which
its inertia could suddenly increase.

I f the free surface protrudes outwards, then the

partially formed flake will increase in thickness as the fracture propagates through the
nucleus.

This increase in thickness means that the inertia o f the partially formed flake

suddenly increases.

As a result, the portion o f the partially formed flake immediately

adjacent to the tip o f the fracture will not deflect away from the nucleus as rapidly.

The

deflection o f the platform surface (delta X ) will consequently not be countered by a
commensurate deflection o f the partially formed flake near the fracture tip (delta X * ) and
advancing o f the fracture tip (delta L).

The displacement o f the platform surface will

therefore cause an increase in the bending stress field in the partially formed flake (Figure
3.19a), which will lead to the fracture turning in its path and propagating towards the free
surface.

This change in direction could cause the fracture to hinge terminate (Figure

3.19b). I f the slowing o f the deflection is dramatic enough, the propagating fracture could
halt entirely, and the build up o f bending stress could cause a secondary fracture to
propagate from the tip o f the primary fracture toward the free surface, resulting in a step
termination.
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Figure 3.19. The dynamic effect which a sudden increase in flake inertia will have on the fracture
path. An increase in the inertia of the partially formed flake caused by a protrusion of the free
surface results in the rate of deflection of the partially formed flake (delta X*) decreasing. The
constant rate of deflection of the platform surface (delta X) results in a build-up in the tensile stress
field created by bending of the partially formed flake (A). The increased tensile stress field will
make it more likely that the propagating fracture will hinge towards the free surface (B).

In a similar fashion, fractures which expand transversely will create a partially formed
flake which increases in width as the fracture propagates.

If there is a sudden and rapid

increase in flake width, then the inertia of the partially formed flake will similarly increase
rapidly. This could occur through a rapid widening of the nucleus, or a flattening of the
free surface in transverse section: for example, when a fracture transitions from
propagating behind a strongly defined dorsal ridge to propagating behind a flatter region of
the free surface. The same process which operates for a rapid increase in flake thickness
will also operate for a sudden increase in flake width: an increase in the inertia of the
partially formed flake will lead to an increase in bending stress. This bending stress will
cause the fracture to propagate towards the free surface, which could result in the fracture
terminating in a hinge or step termination.

The earlier sections of this chapter used principles of static mechanics to explore the
process of flake formation. Undoubtedly, these principles are universally important for all
flake production events, and it is the processes described form the basis of determining
how flake producing fractures initiate, propagate and terminate. The current discussion of
dynamic processes serve to demonstrate, however, that overlying these basic processes, the
inertia of the material being "peeled" away from a stone nucleus can have an important
effect on the initiation and propagation of a fracture.

Flake

blank

morphology

and

reductive

difficulty:

some

specific

hypotheses

This chapter has set about the task of developing a general understanding of the fracture
mechanics involved in flake production, which can be applied to all situations which
involve detaching flakes from pieces of stone using a blunt indenter. The objective of the
chapter was to develop an understanding of flake production which could be applied
specifically to the area of reducing flakes through unifacial

flaking.

Although the

principles of flake formation developed in this chapter can be applied to further our
understanding of other areas of stone artefact technologies, for example core reduction and
bifacial artefact reduction, unifacial flake reduction is the focus of the current study.
Unifacial reduction involves striking flakes from the same platform surface, and as
reduction continues the fractures will propagate behind a free surface made up of fracture
scars created by earlier retouch flakes.

This chapter has shown that the location of free surfaces has a major effect in determining
a fracture's path.

Irregularities in the free surface (or surfaces) behind which a fracture

propagates could have a noticeable effect on the path which that fracture takes. Hinge or
step terminating of flakes is a common source of irregularities on free surfaces.
terminations leave a concavity in the free surface.

Abrupt

A the distal end of an abruptly-

terminated flake scar, the free surface will have a pronounced protrusion, the size of which
is dependent on the depth of the scar. The discussion of dynamic processes and their effect
on fracture propagation showed that a protrusion on the free surface is likely to increase
the bending stress in a partially-formed flake as the fracture propagates behind this
protrusion.

On the basis of this principle, it is hypothesised here that the presence of an

abruptly terminated flake scar on the free surface will increase the likelihood that fractures
propagating behind this free surface will step or hinge terminate. This hypothesis is tested
experimentally through a program of flake production detailed in the following chapter.

If the presence of abruptly terminated flake scars increases the likelihood of subsequent
flakes terminating abruptly, then this poses a problem for the continued reduction of flake
blanks.

This situation would mean that abrupt terminations are self-perpetuating, in that

each flake which terminates abruptly will increase the likelihood that subsequent

flakes

initiated from the same general area on the platform will terminate abruptly.

The

occurrence of abrupt terminations would consequently increase the reductive difficulty of
the flake blank, as it would make it problematic for the knapper to sustain the reduction
process.

If a knapper wished to facilitate reduction by employing an extension strategy,

this strategy would need to reduce the frequency with which abrupt terminations occur, or
it would need to devise a method of lessening the negative effects of abrupt terminations
when they do occur. The possibility that abrupt terminations could have this effect on the
reduction process underlines the importance of experimentally testing this hypothesis.
Although various authors have stated that abrupt terminations create a problem for
continued artefact reduction (e.g. Akerman 1976, 1993; Cotterell and Kamminga 1987;
Cundy 1990; Whittaker 1994), these authors provide no evidence to support this principle,
and do not specify how serious a problem abrupt terminations pose.

A controlled

experimental investigation of the effect of abrupt terminations on the flake production
process is clearly needed.

The exterior platform angle of the blank being reduced could potentially have an effect on
the blank's reductive difficulty. The exterior platform angle (EPA) is the angle between
the platform surface and the adjacent free surface, behind which fractures will propagate.
The EPA of a blank is therefore the orientation of the adjacent free surface relative to the
platform surface. Using the principles of fracture mechanics developed in this chapter, it is
difficult to confidently predict the effect (or effects) which varying the EPA could have on
the fracture path. It is possible that the free surface effect will cause fractures to always
run roughly parallel to the free surface regardless of its orientation to the platform surface.
In this case, the flakes struck will be of similar lengths, and only the angle of the fracture
surface to the platform surface will be different. A fracture propagating parallel to the free
surface will experience different loading conditions created by the applied force if EPA is
varied, however. At a low EPA, a force applied at the same angle to the platform surface
will create a larger tangential component of force (Q) relative to the direct component (P)
(Figure 3.20).

This increased proportion of tangential force will create a large bending

stress in the partially formed flake, which will tend to draw the fracture towards the free
surface. Conversely, at a higher EPA a fracture propagating parallel to the free surface
will experience a greater component of direct force relative to tangential force. This will
decrease the bending stress in the partially formed flake, and increase the shear stress at the

fracture tip. This will make it less likely that the fracture would propagate toward the free
surface, and more likely that it will propagate away from the free surface.

A
Fracture

——

Fracture

Higher EPA

Lower EPA

Figure 3.20. The effect of changing the exterior platform angle (EPA) on the ratio of the tangential
(Q) to direct (P) force experienced by a fracture propagating parallel to the free surface.

The situation depicted in Figure 3.20 leads to the hypothesis that blanks with a low EPA
are more likely to experience abrupt terminations, as the applied force creates a greater
magnitude of bending stress as the fracture propagates. At higher exterior platform angles,
bending stress will be reduced and fractures are less likely to terminate abruptly.

It is

possible, however, that the free surface effect will be strong enough to stabilise the path of
fractures regardless of the EPA of the blank. If this is the case, then there is unlikely to be
any difference in the frequency of abrupt terminations relative to the EPA of the blank
being flaked.

Another possible effect of the exterior platform angle of a blank relates to fracture
initiation.

Successfully initiating a fracture involves overcoming the inertia of the

platform, and deflecting an area of material away from the body of the blank in order to
begin "peeling" the flake away from the blank. This process was discussed in the earlier
section on dynamic processes and fracture initiation.

It is possible that decreasing the

exterior platform angle of the blank will decrease the size of this area of material (Figure
3.13). This would mean that less force would be required to begin deflecting this area of
material away from the blank, as its inertia would be decreased. Lowering the EPA of a

blank would therefore make it easier for a knapper to successfully remove flakes from that
blank. The principle developed in this chapter linking fracture initiation with the inertia of
the material adjacent to the point of force application therefore leads to the hypothesis that
a blank's EPA will affect its reductive difficulty.

The final variable which is proposed to have an important effect on a blank's reductive
difficulty is its thickness.

All previous programs of experimental flake production have

used blanks with single, undifferentiated free surfaces (Dibble and Pelcin 1995; Dibble and
Whittaker 1981; Faulkner 1972; Pelcin 1996, 1997a, 1997b, 1997c; Speth 1974, 1975,
1981). In these experiments, the free surface adjacent to the platform surface was the only
surface on which flakes could terminate.

For the case of unifacially-retouched

flake

blanks, this experimental situation does not provide a robust or accurate analog of the "real
world" situation.

As a flake blank is retouched, the scars left by the removal of flakes

create a free surface adjacent to the platform, while the surface of the blank opposite to the
platform provides a second free surface. Often, these two free surfaces are quite distinct
and lie at noticeably different orientations relative to the platform surface.

Clearly, as

flakes are removed successively from the blank's margin, the number of distinct free
surfaces can increase or decrease, and the complexity of the orientations of these free
surfaces can also increase or decrease. To take the simplest case, however, we can model
the configuration in terms of two free surfaces: the proximal free surface, which is created
by the flake scars left by retouch; and the distal free surface, which is the face of the blank
opposite the face being employed as the platform surface (Figure 3.21).

If a knapper

wishes to reduce a flake beyond the point of removing a single set of retouch flakes from
the unretouched margin, then subsequent retouch flakes will be struck from margins which
involve a situation of multiple free surfaces.

Platform surface

/ Proximal
/ free surface

Flake
thickness

Distal free surface

Figure 3.21. A simplest-case representation of the configuration of free surfaces on tiie margin of a
retouched fiaice blanic.

Introducing a distal free surface onto a blank could have a number of effects on the
behaviour of fractures propagating through the blank. The free surface effect will operate
for the distal free surface in the same way that it operates for a proximal free surface: a
zone where stresses are relaxed will be created near the distal free surface. This zone of
relaxed stress might cause fractures to deviate f r o m their paths as they approach the distal
free surface. The fracture path could deviate towards the proximal free surface, or away
f r o m the proximal free surface and into the body of the blank (Figure 3.22a and 3.22b). If
fractures deviate sharply toward the proximal free surface, a hinge or step termination
could result.

Consequently, the presence of a distal free surface could result in a higher

rate of abrupt terminations occurring as retouch flakes are struck f r o m a blank.

If the

opposite occurs, and fractures deviate away f r o m the proximal free surface, this could
result in a lower frequency of abrupt terminations than would be the case if no distal free
surface were present.

The null hypothesis is that the distal free surface will exert no

influence on fracture paths. In this case, fractures will propagate on a continuous path until
they meet the distal free surface and terminate. This could have a beneficial effect in terms
of reducing the frequency of abrupt terminations: a fracture which encounters a distal free
surface and terminates will leave a flat free surface on the edge of the blank.

Such a

fracture would not leave behind an abruptly terminated scar on the free surface (Figure
3.22c).

• Applied
\ force

X Applied
\ force

1/

i/
A.

.Applied
\ force

B.

C.
Figure 3.22. The distal free surface could result in fractures deviating towards the proximal free
surface (a), or away from the proximal free surface (b). The null hypothesis would see no effect on
the fracture path (c).

Varying the thickness of the blank essentially means changing the distance between the
platform surface and the distal free surface.

This could have consequences for the

reductive difficulty of the blank, depending on whether, and how, the distal free surface
affects fracture paths. The length of a flake depends on how far away f r o m the platform
edge it is initiated: initiating a fracture from a point further into the platform will result in
the fracture propagating further down the face of the blank before it terminates, and
consequently it will produce a longer flake (Dibble and Pelcin 1995; Dibble and Whittaker
1981; Macgregor 2001, 2005; Pelcin 1996, 1997a; Speth 1974, 1975).

Decreasing the

thickness of the blank will mean that fractures will not have to propagate as far before they
meet the distal free surface: in other words, it could be expected that any effect which the
distal surface exerts on fracture paths will be felt by relatively short flakes as well as longer
ones.

If this is the case any effect which the distal free surface has will be relevant to

fractures initiated f r o m points closer to the platform edge (Figure 3.23). If the distal free
surface has any effect on the reductive difficulty of a flake blank, either positive or

n e g a t i v e , t h i s e f f e c t will b e e x p e r i e n c e d b y a larger r a n g e o f f l a k e s if the t h i c k n e s s o f the
b l a n k is r e d u c e d .

Initiation points

Initiation points

B.

Figure 3.23. Changing the thickness of a flake blank could result in fractures initiated from a larger
range of platforin thicknesses reaching the distal free surface, it is hypothesised that if the
thickness of a flake blank is decreased (B), then fractures will reach the distal free surface from
inhiation points closer to the platform edge than will be the case for thicker blanks (A).

In s u m m a r y , t h e r e are g o o d r e a s o n s to h y p o t h e s i s e that all t h r e e o f the v a r i a b l e s o f b l a n k
m o r p h o l o g y d i s c u s s e d h e r e will h a v e e f f e c t s o n the r e d u c t i v e d i f f i c u l t y o f f l a k e b l a n k s .
T h e h y p o t h e s e s d e v e l o p e d in this section h a v e as their b a s i s the p r i n c i p l e s of f r a c t u r e
m e c h a n i c s f o r m u l a t e d in the m a i n b o d y o f this c h a p t e r . T h e practical v a l u e o f d e v e l o p i n g
a c o m p r e h e n s i v e a n d detailed u n d e r s t a n d i n g o f the f r a c t u r e p r o c e s s w h i c h o c c u r s d u r i n g
t h e r e m o v a l o f a f l a k e f r o m a b o d y o f stone is e v i d e n c e d in its p o w e r to f o r m u l a t e r e l e v a n t
h y p o t h e s e s linking the m o r p h o l o g y o f b l a n k s w i t h f l a k e p r o d u c t i o n o u t c o m e s .

The

h y p o t h e s e s w h i c h this c h a p t e r h a s g e n e r a t e d are tested e x p e r i m e n t a l l y in t h e f o l l o w i n g
chapter.
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Experimental investigations of the reductive difficulty of
flake blanks

surface

configuration,

and

its

possible

effects on

fracture

propagation

One of the conclusions made from the discussion of fracture mechanics in the last chapter,
is that the configuration of free surfaces on a piece of stone being flaked will affect the
behaviour of the flake-producing fracture. This chapter will employ experiments to test a
number of ways in which changing the configuration of free surfaces could affect fracture
behaviour.

Fracture

behaviour

encompasses all aspects of fracture-related outcomes

which result from applying force to a piece of stone with an indenter. The term fracture
behaviour therefore includes all aspects of the fracture process, from initiation and
propagation to termination.

The aim of this chapter is to identify aspects of free surface configuration which are
beneficial or detrimental in terms of the fracture behaviour they produce.

Judging a

specific fracture outcome as being beneficial or detrimental is done with reference to the
concept of reductive

difficulty

discussed in the first two chapters of the thesis. It involves

identifying whether a fracture outcome will facilitate further reduction of the piece being
worked, or whether it will create problems for further reduction.

The aspects of free

surface configuration which have been selected for analysis in this chapter have been
selected primarily because they are relevant to the specific technological

behaviour

focused on in this thesis: the unifacial retouching of flake blanks. There is of course an
almost limitless complexity of free surface configurations which could exist for a knapper
attempting to remove a flake from the margin of a retouched flake. This chapter will deal
with three relatively simple variables of free surface configuration, and the effects they
have on fracture behaviour.

The first variable which will be explored in this chapter is the existence of abruptly
terminated flake scars on the free surface of the blank being flaked. The concavity which

an abruptly-terminated flake scar leaves in the free surface was hypothesised in the
previous chapter to alter the path of fractures propagating behind it. The reason for this
hypothesis was the possibility that the change in thickness of the partially formed flake will
increase the inertia of the material being displaced by the force being applied to the
platform.

The increase in inertia will in turn increase the bending stresses within the

partially-formed flake, potentially causing the fracture to deviate towards the free surface,
terminating in a hinge or a step. In this chapter, experimental series will explore whether
this hypothesis is correct, and whether the existence of abruptly terminated flake scars
increases the likelihood of subsequent fractures terminating abruptly.

The second variable which will be explored in this chapter is the exterior platform angle of
the blank being flaked.

The exterior platform angle is formed between the platform

surface and the adjacent free surface (this second surface being the one which the fracture
propagates behind).

It was proposed in the previous chapter that fracture paths will be

significantly affected by the location of free surfaces, and consequently the angle of the
free surface to the platform surface could have an effect on the angle at which fractures
propagate through the blank.

The exterior platform angle could also affect the force

required to initiate a fracture. Fracture initiation involves overcoming the inertia of the
material between the point of force application (PFA) and the free surface of the blank:
because of this, the angle of this free surface could alter the amount of material which
needs to be displaced in order for a fracture to initiate. A low exterior platform angle could
mean that a smaller amount of material must be displaced by the applied force in order for
a fracture to begin propagating. There are therefore a number of possible processes which
could link the exterior platform angle with fracture behaviour. This chapter will test the
extent to which these processes operate during flake production.

The third variable explored in this chapter is the thickness of the blank.

As a flake is

retouched, the retouch scars usually create a situation in which two distinct free surfaces
exist, both of which could affect fracture paths. One of these free surfaces is created by the
scars left after the removal of retouch flakes, and is adjacent to the platform surface: this
will be referred to as the proximal free surface.

The second free surface is the opposite

face of the flake blank itself: in other words, the face of the flake which is opposite the
platform surface. This second free surface will be referred to as the distal free

surface.

For unifacially retouched flakes, therefore, the configuration of free surfaces is usually

more complex than the simple case of a single free surface adjacent to the platform surface.
If fractures propagate far enough from the platform surface, their paths might be influenced
by the distal free surface.

At the end of the previous chapter, several possible effects

which the distal free surface could have on fracture paths were proposed.

First, it is

possible that the free surface effect could lead to fractures hinging towards the proximal
free surface, leading to a higher frequency of abrupt terminations. Alternatively, the free
surface effect could lead to fractures deviating away from the proximal free surface to
terminate on the distal free surface, which could lead to a diminished frequency of abrupt
terminations.

The existence of the distal free surface could also influence the force

required to initiate fracture. It was proposed in the previous chapter that fracture initiation
is dependent on the displacement of material between the point of force application and the
free surfaces of the piece being flaked. Introducing the distal free surface could mean that
the area of material which needs to be displaced is lower than it would be if the distal free
surface was not present. Also, the distance between the platform surface and the distal free
surface could change the area of material which needs to be displaced. Put simply, thinner
flake blanks could require less force to initiate fractures successfully.

Because the existence of a distal free surface could affect fracture behaviour in a number
of possible

ways, this chapter will

spend

some time investigating

these effects.

Experiments will first explore whether introducing a distal free surface produces different
fracture behaviours from those which occur in the simple case where only one free surface
exists. Experiments will also investigate changes in fracture behaviour corresponding with
the distance between the platform surface and the distal free surface.

This distance is

referred to in this chapter as the thickness of the flake blank.

This chapter will demonstrate that each of these variables affects how difficult it is for a
knapper to successfully remove retouch flakes from a blank. In addition to investigating
the effects of each variable in isolation, the experimental program has been designed to
investigate the fracture outcomes resulting from the variables interacting with each other.
For example, as well as investigating how EPA affects fracture behaviour, experiments
have also been carried out which investigate whether these effects are altered if the
thickness of the blank is altered. The ways in which the variables interact to affect fracture
behaviour are explored by selecting multiple values for each variable, and striking flakes

from experimental blanks whose morphologies exhibit different combinations of these
values.

The term blank is used to refer to the experimental specimens from which flakes were
struck. The decision to refer to the experimental specimens as blanks, in preference to
cores, was made because the experiments carried out are focused on analysing fracture
processes that occur during the retouch of flake blanks.

Blanks were machined to have

specific morphological characteristics: sets of blanks which share the same morphology are
referred to as being of the same blank type. A set of experiments which all use the same
blank type are referred to as a series.

Using a controlled experimental method was necessary to carry out these investigations.
The experimental method needed to allow the production of experimental blanks with
precisely determined free surface configurations. The method also needed to allow the
production of multiple experimental blanks with identical morphologies. Regardless of the
particular variables being studied, a meaningful comparison of two different blank types
cannot be obtained by striking a single flake from each type of blank. Fracture behaviour
(and consequently, flake morphology) will vary depending upon the point on the platform
at which fractures are initiated. Striking a blank near to the platform edge can produce
markedly different flakes from those which would be produced by striking further away
from the platform edge. Previous experimental studies have shown that the point of force
application affects various aspects of fracture behaviour and flake morphology, including
flake mass (Dibble and Pelcin 1995; Dibble and Razek 2009; Dibble and Whittaker 1981;
Macgregor 2005; Pelcin 1996, 1997a, 1997b, 1997c; Speth 1974), termination type
(Faulkner 1972; Pelcin 1997a), and whether the force successfully detaches a flake at all
(Dibble and Pelcin 1995; Dibble and Whittaker 1981; Macgregor 2005; Speth 1974).
Because of this, comparisons of different blank types need to be able to explore the
fracture behaviours which occur when force is applied to a range of points on each blank
type's platform surface. The only way to achieve this is to produce a series of blanks
which share the same morphology, which can be flaked from different points of force
application.

The experimental method needed to use blanks with precisely machined

morphologies for this reason.

The experiments also needed to control the nature with which force was applied to the
blanks. Varying the amount of force applied to each blank, or varying the angle at which
this force was applied, could produce variations in fracture behaviour which would
confound the visibility of the effects produced by changes in free surface configuration.
Previous studies have shown that the magnitude and angle of force affect various aspects
of fracture behaviour.

Changing either of these two variables can alter whether or not a

fracture is successfully initiated, for example (Dibble and Pelcin 1995; Dibble and
Whittaker 1981; Pelcin 1997a; Speth 1975).

Since the current experimental program is

concerned with the effects of blank morphology on fracture behaviour, rather than the
effects of changing conditions of force application, variables to do with force application
needed to be held constant for each experimental blank.

In order to achieve a successful investigation of the effects of free surface configuration on
fracture behaviour, it is therefore necessary use an experimental method in which a large
number of variables are controlled.

The following section will describe the method of

flake production employed in the experimental program. The remainder of the chapter will
discuss the experimental results, and will demonstrate that the technique of controlled
experimentation employed enables the generation of a number of principles which link the
free surface configuration of unifacially retouched flakes with their reductive difficulty.
Understanding the ways in which free surface configuration affects the fracture process
enables us to visualise strategies which knappers might employ to facilitate the continued
reduction of flake blanks.

Experimental method

The method used to strike flakes from the experimental blanks was to drop a steel ball
bearing onto the platform surface. To ensure that the force with which the ball bearing
struck the platform was constant for all experiments, it was dropped from an electromagnet
held at a constant height above the blank. Blanks were held immobile in a vice throughout
the procedure.

The point at which the ball bearing struck the platform was accurately pre-determined.
The electromagnet which held the ball bearing prior to dropping it had a two millimetre
hole drilled through its centre. A plumb-line was suspended through this hole, and the
position of the blank could then be adjusted to ensure that the desired point of impact was
located directly below the electromagnet (Figure 4.1).

A

—

Electromagnet

-Vertical determined
by plumbline

Experimental blank held in vice

d
Figure 4.1. Setup for the fracture experiments.

The plumb-line was then removed, and the ball bearing suspended from the electromagnet.
The magnetic forces were strong enough to hold the ball bearing directly on the hole
drilled through the electromagnet's centre (Figure 4.2). This ensured that the point at
which the ball bearing struck the blank was the point determined by the plumb-line. Using
this procedure, the point of impact could be pre-determined to within one millimetre.

Cylindrical
electromagnet

Hole for
plumbllne

all bearing

Figure 4.2. Detail of the electromagnet used in the fracture experiments.

For all experiments, the conditions of force application were held constant.

The ball

bearings used to strike the flakes were 20 mm in diameter, and weighed 32.2 grams. The
height from which the ball bearings were dropped was 900mm above the platform surface.
The force of impact was therefore the same for all experimental replicates. The angle at
which the ball bearings impacted the platform surface of the blanks was also held constant.
The angle of impact was 20 degrees from a line perpendicular to the platform surface
(Figure 4.3).

Line perpendicular
to platform
surface
Vice
Exterior platform
angle

Blank

Figure 4.3. The method of measuring the angle of impact employed in the fracture experiments.
Also shows the measurements of exterior platform angle (EPA) and blank thickness.

Experimental control and experimental validity

Experimental control carries with it the potential disadvantage that experiments are less
applicable, or less relevant, than uncontrolled experiments.

All experiments employ an

argument by analogy - experiments are proposed as an analogue for "real world"
situations. Experiments use models (or simulates) of the complex system being studied: in
this case, the production of stone artefacts (Bunge 1973; Faulkner 1972; Matthieu 2002;
Speth 1972). The model used is an analogue: it is similar in some respects to the system
being studied, and is assumed to exhibit similar behaviour. Accordingly, the model can be
manipulated to observe "cause and effect" relationships, and these relationships are
assumed to hold for the archaeological system being studied (Binford 1977a). The
difficulty inherent in an argument from analogy is whether the analogy in question is
strong enough to have any faith placed in it (Ascher 1961a).

The different blanks

employed in these experiments must function as an analogue for blanks which occur in
actual knapping situations, otherwise the experimental results cannot be applicable for
interpreting prehistoric artefacts.

Arguments by analogy are inductive by nature. Given some observed similarity between
analogues, additional similarities are assumed to exist (Hesse 1963; Salmon 1982).

In

other words, an inductive step is taken to argue for universal similarity from observed
similarity (Hesse 1963).

Most commonly, researchers take the view that the more

extensive the observed similarities, the stronger the analogy (Ahler 1989; Ascher 1961a,
1961b; Binford 1967; Chang 1967; Clarke 1953; Gould 1977; Gould and Watson 1982;
Stiles 1977; Thompson 1956; Young 1989). An analogy's strength refers to the probability
that the inferred similarities do in fact exist. The stronger an analogy, the safer it is to infer
similarity between the two analogues.
frequently used

uncontrolled

It is for this reason that archaeologists have most

knapping

experiments

to make

inferences about

the

production and maintenance of artefacts in prehistory, as these experiments seek to
replicate as closely as possible the techniques and materials used by prehistoric knappers
(Ahler 1989; Crabtree 1966, 1968; Flenniken 1981; Ingbar, et al. 1989).

The experiments carried out in this study rest upon a uniformitarian assumption: that the
fracture process which occurs in the experimental simulates is equivalent to that which

occurred in flaked artefacts during their manufacture.

The variables which must be

equivalent between the experimental and the archaeological analogues are those which are
relevant to the fracture process. The relevance of the known similarities refers to whether
they are causally related to the similarities being inferred between the two analogues. If
the known similarities are causally related to the properties inferred to be similar, then the
analogy can be considered strong (Binford 1967; Hesse 1963; Salmon 1982).

For an

experimental simulate to be a reliable analogue for prehistoric flake production, therefore,
the simulate must possess properties which will produce the same fracture process as that
which occurs when producing flakes by freehand knapping. A further criterion which we
can use to assess the strength of the experimental analogy is whether the experimental
fracture events create similar fracture features to those observed on prehistoric artefacts. If
diagnostic features exist on experimental fracture surfaces, which are equivalent to features
found on prehistoric fracture surfaces, then the argument that the fracture process is similar
for the two analogues is greatly strengthened.

At the most fundamental level, the similarity of the material properties of the glass blanks
used in this experiment and the materials used by prehistoric knappers greatly strengthens
the analogy between the experimental simulates and freehand knapping (Faulkner 1972;
Speth 1974; Whittaker 1994). Glass, as a britfle, elastic solid, has properties similar to
materials used to produce flaked stone artefacts in the past.

These properties were

discussed in chapter 3. Although there is a widely held popular belief that glass behaves as
a highly viscous liquid rather than as a brittle solid, this has been demonstrated to be false.
Experimental studies show that glass behaves elastically under loading, and exhibits no
plastic deformation even when placed under loads for a period of several decades
(Holloway 1973). The existence of intact prehistoric glass artefacts is further evidence that
glass does not behave as a liquid (Zanotto 1998). Even if glass is hypothetically assumed
to be a liquid, plastic deformation would be sufficiently slow to justify treating it as a solid
for most practical applications (Stokes 1999; Zanotto 1998, 1999). Glass is routinely used
as an experimental material in engineering studies that aim to observe fracture phenomena
in brittle solids (Lawn 1967, 1993; Lawn and Marshall 1979; Lawn, et al. 1975). Glasses,
both natural and man-made, have been extensively exploited in the past for the
construction of flaked artefacts (Cotterell and Kamminga 1987, 1990; Crabtree 1968;
Crabtree and Gould 1970; Whittaker 1994).

The physical processes acting on the experimental blanks are very similar to the processes
used in the production of flakes in freehand knapping.

The steel ball bearing is

mechanically equivalent to hammerstones commonly used in flintknapping, being rounded,
hard and blunt, and exhibiting elastic deformation upon impact. Indenters used in freehand
knapping are without exception blunt and rounded, rather than sharp: it is the bluntness of
the indenter which leads to the formation of the Hertzian cone (Lawn and Marshall 1979;
Lawn, et al. 1975; Lawn and Wilshaw 1975). The impact conditions in the experimental
study are therefore comparable to those used in freehand percussive knapping.

The similarities

of raw material

properties, and

impact

conditions,

between

the

experimental simulates and actual flintknapping provide strong support to the proposition
that fracture processes in the two analogues are equivalent. These similarities are causally
related to the fracture process: chapter 3 discussed extensively how the brittle nature of
flintknapping materials cause them to fracture in the distinctive way they do to produce
flakes.

These same properties which cause the distinctive flake-producing fractures

observed on all prehistoric flaked stone artefacts are present in the experimental simulates
employed in this study and previous controlled experimental studies.

Impact conditions

are also causally related to the fracture process - percussive impact from a blunt indenter is
responsible for the process by which fractures are initiated during flintknapping, as was
discussed in chapter 3.

Demonstrating similarities between the flakes produced from experimental simulates and
archaeological flakes also strengthens the analogy between the experimental situation and
actual knapping situations.

An experimental glass blank subjected to loading by a blunt

indenter such as a ball bearing should exhibit the same fracture phenomena as a piece of
stone.

These phenomena include Hertzian initiation (Lawn 1993; Lawn and Marshall

1979; Lawn and Wilshaw 1975); bulbs of force (Cotterell and Kamminga 1979; Ohel
1977; Ohel and Partel 1981; Patterson 1983); and the formation of fracture surface features
such as erraillure flakes, Wallner lines and undulations (Bateson 1950; Chandler and Ware
1976; Cotterell and Kamminga 1979; Faulkner 1972; Hutchings 1999; Moir 1912; Speth
1974). These fracture phenomena are causally related to the fracture process, since they
are its products. Demonstrating the occurrence of these phenomena experimentally serves
to strengthen the experimental analogy, as these phenomena are relevant to the proposition
that the fracture process in the two analogues are fundamentally equivalent.

The experimental flakes produced in this and previous studies confirm the proposition that
glass blanks fracture in the same way as prehistoric flaked stone artefacts.

Flakes

produced show the same phenomena of Hertzian initiation, including a partially formed
cone and a pronounced bulb of force (Dibble and Pelcin 1995; Dibble and Razek 2009;
Dibble and Whittaker 1981; Faulkner 1972; Macgregor 2001, 2005; Pelcin 1996; Speth
1974).

The flakes produced in this study's experimental program also exhibit other

diagnostic fracture surface features such as Wallner lines, radial striations and undulations
commonly found on archaeological flakes. Fractures propagate along a continuous path,
producing fracture surfaces which are commonly smooth and unbroken. This last feature
is by no means universal - some fractures are discontinuous, as in the case of flakes
snapping or step-terminating, but the most common outcome is a continuous and unbroken
fracture surface. In addition, fractures in controlled experimental studies show the same
tendency to travel roughly parallel to free surfaces, resulting in flakes which are long
relative to their thickness (Dibble and Pelcin 1995; Dibble and Razek 2009; Dibble and
Whittaker 1981; Faulkner 1972; Macgregor 2001, 2005; Pelcin 1996, 1997a, 1997b,
1997c; Speth 1974, 1975, 1981). In chapter 3, this directional stability of the fracture path
was discussed as being a diagnostic feature of prehistoric flakes.

Clearly, the fracture

process which operates in the experimental situation produces outcomes which are
fundamentally equivalent to those produced by fractures in freehand knapping.

Despite the existence of a good analogical equivalence between the controlled experiments
employed in this study and actual flintknapping, it cannot be ignored that introducing a
high degree of control into an experimental design raises questions about the experiments'
applicability to archaeological materials.

Highly controlled blank morphologies have

caused previous controlled experiments to be criticised (Odell 2000). In particular, the fact
that edge blanks are of constant width has attracted criticism, given the fact that in
freehand knapping situations flakes are commonly struck from a ridged or transversely
curved free surface (Davis and Shea 1998; Dibble and Razek 2009; Odell

2000).

Consequently, increasing the platform thickness of a flake will usually also increase its
platform width, which does not occur on experimental blanks. Experimental studies which
use edge blanks are not suited to assess the effect of increasing the platform width (Davis
and Shea 1998; Dibble 1998). This is an important limitation of controlled experiments

using this type of blank. This criticism is helpful, in that it shows a limitation of controlled
experimental results in their applicability to archaeological material.

It is important to recognise that controlled experiments represent a simplified model of
flake production. Dibble referred to this simplification as the inherent "artificiality" of any
controlled experiment (Dibble 1997; Dibble and Whittaker 1981). This problem is everpresent when using such highly controlled conditions in which to develop general
principles. Any experimental design represents a trade-off between internal validity and
external validity (Campbell and Stanley 1963).
generally have good internal validity.

A highly controlled experiment will

That is, cause and effect relationships can be

reliably identified, without the influence of confounding effects (Warren 1914).

The

concept of an experiment's external validity is the extent to which the experimental results
can confidently extrapolated to the more complex, "real" situation they are attempting to
simulate (Amick, et al. 1989).

Increasing experimental control will generally lessen an

experiment's external validity (Campbell and Stanley 1963; Warren 1914), by eliminating
variables which exist in the "real world" analogue.

Consequently, when applying the

results of a controlled experiment to archaeological material, it is vital to consider the
factors which may play a part in the formation of archaeological flakes, but were not
examined in the controlled experiment. In other words, controlled experiments should not
be regarded as a perfect analogy: the differences between experimental and archaeological
analogues must be recognised and considered before experimental results are used to make
archaeological interpretations.

The problem of abruptly terminated scars

Striking flakes which feather terminate is commonly seen as being conducive to further
reduction of an artefact, as this leaves a relatively flat free surface for subsequent flakes to
propagate behind (Cotterell and Kamminga

1987; Crabtree

1968; Faulkner

1972;

Mewhinney 1957; Whittaker 1994). Abrupt terminations (i.e. step and hinge terminations)
are generally seen as an undesirable outcome for a knapper (Crabtree 1972b; Nichols and
Allstadt 1978; Sollberger 1986; Sollberger and Patterson 1976; Waldorf 1992; Whittaker
1994). In chapter 2, it was argued that the free surface will have an effect on the way a
fracture propagates through a flake blank, and consequently the concavities produced by
abrupt terminations will potentially disrupt fracture propagation in undesirable ways. In
this section, this hypothesis will be experimentally tested.

To achieve, this, blanks with flat free surfaces will be compared with blanks which have
abruptly terminated scars present on their free surfaces. For the purposes of replicability,
blanks with step scars needed to be identical, so the step scars were formed by cutting
rectangular concavities into the free surface with a diamond saw.

These concavities

closely resemble a step-terminated flake scar, and will be referred to as step scars from
now on.

Because the step scars were machined into the blanks, each series of stepped

blanks could have an identical scar morphology, enabling multiple flakes to be produced
from each blank type.

This makes it possible to initiate fractures at different platform

thicknesses, to explore how fracture propagation proceeds depending on where the
initiation force is placed.

On an unstepped blank (i.e. a blank with no step scar present), the point on the platform
surface where the impact force is applied has a marked effect on how fracture propagation
proceeds, and consequently affects many aspects of flake morphology. Most importantly,
the size of the flake produced increases if the impact point is located further away from the
edge of the blank. This can be seen by plotting flake mass against the platform thickness at
which the impact force was applied (measured in millimetres from the platform edge), in
this case on a blank with an exterior platform angle (EPA) of 70 degrees (Figure 4.4).
Flake mass increases if the impact point is located further into the platform: in other words,
flakes which have greater platform thicknesses will also have greater mass. If the platform

thickness was increased beyond a certain point, however, the impact failed to detach a
flake at all, and instead only produced an incipient Hertzian cone on the platform surface.
The three data points in Figure 4 with a mass of zero represent such a failure to produce a
flake.

For this particular blank type, the critical point occurs at a platform thickness

between 14.9mm and 15.8mm. The critical value of platform thickness beyond which the
impact force fails to detach a flake will be referred to as the detachment

threshold.
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Figure 4.4. Flake mass plotted against platform thickness, for 70 degree EPA blanks.

The increase of flake mass with platform thickness appears to be linear in Figure 4, an
observation which can be tested by regression analysis. The statistical program S P S S was
used to derive a linear equation, as well as a quadratic and cubic equation to fit to the data
in Figure 4.4. For this exercise the three replicates above the detachment threshold were
omitted, since only the replicates f r o m which a flake was detached are of interest.

The

linear equation derived had an r^ = .951, meaning that 95.1% of the variation in flake m a s s
is explained by the equation. The quadratic and cubic curves also had high r^ values, but

neither was very much higher than the linear equation (Table 4.1, Figure 4.5). On the basis
of these data, then, a linear model adequately describes the variation of flake mass
according to platform thickness, and there is no need to employ a more complex model.
Table 4.1. Summary of the linear, quadratic, and cubic models describing the relationship between
platform thickness and flake mass, for blanks with 70 degree EPA.
Model Summary
r"
F
.951
273.821
.952
129.156
.953
81.686

Equation

t

Linear
Quadratic
Cubic

Sig.
.000
.000
.000

Cubic
Quadratic
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Ff Cubic =0.953
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R^ Quadratic =0.952
Ff Linear = 0.951

Platform thickness (mm)
Figure 4.5. Flake mass plotted against platform thickness, with linear, quadratic and cubic curves
fitted, for 70 degree EPA blanks.

The length of flakes produced also increases with platform thickness (Figure 4.6).

The

increase of flake length with platform thickness appears to be less linear than flake mass,
however.

Curve-fitting confirms that a second or third order model (i.e. quadratic or

cubic) does a better job of describing the variation in flake length than a linear model
(Table 4.2, Figure 4.7). While a linear model has a r^ = .832, the quadratic model has r^ =
.892, and the cubic model has r^ = .893. A quadratic model, therefore, is seen as the most
suitable for describing the relationship between platform thickness and flake length. The
increase in r^ gained in employing the cubic model is probably too slight to justify
employing this more complex model.
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F i g u r e 4.6. Flake length plotted against p l a t f o r m t h i c k n e s s , f o r b l a n k s with 70 d e g r e e E P A .

T a b l e 4.2. S u m m a r y of linear, q u a d r a t i c a n d c u b i c m o d e l s d e s c r i b i n g the r e l a t i o n s h i p b e t w e e n
p l a t f o r m t h i c k n e s s and f l a k e length, f o r b l a n k s with 70 d e g r e e E P A .
Equation

Model Summary
1

r"

F

Linear

.832

69.124

Sig.
.000

Quadratic

.892

53.452

.000

Cubic

.893

33.516

.000

Cubic
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Figure 4.7. Flake length plotted against platform thickness, with linear, quadratic and cubic curves
fitted, for 70 degree E P A blanks.

The data from this particular experimental series indicate that flake mass behaves in a more
linear fashion with respect to platform thickness than flake length does. As will be seen
throughout this chapter, this pattern is generally true for other experimental series also.
For this reason, flake mass will often be used when comparing different series with each
other, as simple linear models can be employed.

Nevertheless, other variables such as

flake length will also be used for inter-series comparison, as these variables can show
interesting differences between series in some situations.

Introducing a step scar to a blank has a dramatic effect on the way fractures propagate
through the blank.

At low platform thicknesses, fractures propagating through the blank

will hinge or step when they reach the distal end of the step scar. The termination point is
almost invariably at the comer of the step scar. These fractures do not remove the step scar
from the blank, as the distal end of the step scar still remains. In fact, the outcome is to

create an abruptly-terminated flake scar which is the same length as the original step scar,
but deeper.

At higher platform thicknesses, a fracture will propagate past the step scar

altogether, and terminate at a point further down the free surface. If this is the case, then
the step scar is removed from the blank with the detached flake (Figure 4.8).

Initiation
point

A.

Initiation
point

B.

Figure 4.8. The two fracture outcomes which occur when a step scar is introduced to the free
surface of a blank. Some fractures hinged or step terminated when they reached the corner of the
step scar (A). Other fractures propagated past the step scar to terminate further down the free
surface of the blank (B).

A fracture will only fail to remove the step scar if it is initiated at a sufficiently low
platform thickness. In other words, the way in which fractures propagate is dependent on
whether initiation occurred above or below a particular "threshold" value of platform
thickness. For the purposes of this thesis, this threshold will be referred to as the removal
threshold.

The flakes struck below the removal threshold are often of equal length, since

they commonly terminate at the distal comer of the step scar (Figure 4.9). In Figure 4.9,
the length of the flakes below the removal threshold is consistently around 20mm, as this is
the length of the step scar on this blank type (step scars were 5mm deep and 20mm long).
Above the removal threshold, flakes terminate further down the free surface of the blank,
and are therefore longer. This produces a noticeable discontinuity in the pattern of flake
length in respect to platform thickness.
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Figure 4.9. Flake length plotted against platform thickness, for stepped blanks (5x20) with 70
degree EPA. Removal threshold shown as dotted line.

As well as failing to remove the step scar, flakes below the removal threshold were likely
to terminate abruptly. Taking the same series depicted in Figure 4.9, the flakes below the
removal threshold all terminated abruptly, either in a hinge, step, or pseudo-bifurcation
(Figure 4.10). The frequency of abrupt terminations is a consequence of the step scar
disrupting the path of fractures propagating through the blank. Fractures which failed to
remove step scars would often change direction and hinge toward the distal end of the step
scar, resulting in a hinge-terminated flake being removed. In the case of step-terminated
flakes, of course, the change in the direction of fracture propagation was instantaneous:
step terminations occurred when the original fracture ceased to propagate altogether, and a
completely new fracture began propagating from the tip of the old fracture to terminate at
the corner of the step scar.

Interestingly, the length of the flakes struck from platform

thicknesses above the removal threshold does not appear to be affected by how the flakes
terminated. The increase of flake length relative to platform thickness is continuous for all

flakes, whether these flakes terminated in a feather termination or an abrupt termination
(Figure 4.10).
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Figure 4.10. Flake length plotted against platform thickness for stepped blanks ( 5 x 2 0 ) with 70
d e g r e e E P A . F l a k e s are c o d e d b y t e r m i n a t i o n t y p e .

The finding that flakes which fail to remove a step scar are likely to terminate abruptly
themselves is strengthened if the results from multiple experimental series are combined.
Pooling the results of all the experimental series involving blanks with step scars', it can be
seen that the vast majority of flakes which fail to remove the step scar terminate abruptly
(Table 4.3).

86.8% of flakes below the removal threshold (i.e. those which failed to

' Only blanks which were 100mm thick (i.e. t=100) were pooled together.

This avoids the complicating

factor of introducing a distal free surface which flakes can terminate on, which will be dealt with later in the
chapter.

remove the step scar) terminate abruptly (either in a step, hinge, retroflex or pseudobifurcation).

Table 4.3. Flake terminations, according to whether flakes removed the step scars. (All stepped
blanks with t=IOO).
Termination type
Step
removal

yes
no

Feather
39.3%
10.9%

Inflex
8.3%
2.2%

Hinge
31.0%
23.9%

Retroflex
2.4%
4.3%

Pseudo-bifurcation
11.9%
4.3%

Step
7.1%
54.3%

The data in Table 4.3 also suggest that flakes which are struck above the removal threshold
(and which therefore remove the step scar from the blank) will exhibit abrupt terminations
less frequently than those struck below the removal threshold.

52.4 % of these flakes

terminate abruptly, which is less than the 86.8 % of flakes below the removal threshold
which terminated abruptly. A chi-square test confirms that there is an association between
termination type and whether flakes removed the step scar (x^=15.541, d . f = l , Sig <.001;
Cramer's V = .346).

Even when fractures successfully propagated past the step scar, and removed the scar from
the blank, the flake which was detached was often snapped transversely. Transverse snaps
always resulted from a fracture propagating from the flake's ventral surface to the comer of
the step scar.

Flakes which snapped in this manner often exhibited

pronounced

undulations on the ventral surface below the snap fracture (Figure 4.11).
undulations often resulted in the flakes hinge-terminating.

These

Again pooling flakes from all

series involving stepped blanks, it can be seen that abrupt terminations were more common
on flakes which snapped transversely than on flakes which were detached in one piece
(Table 4.4). 76 % of flakes with transverse snaps terminated abruptly, compared with 23.7
% of complete flakes.

A chi-square test confirms that there is an association between

abrupt terminations and the presence of a transverse snap (x^=22.910, d . f = l , Sig <.001;
Cramer's V = .0522). This indicates that even flakes which successfully removed the step
scar were likely to snap and leave an abruptly terminated flake scar on the blank's free
surface.
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30

Figure 4.11. Transverse snaps always involved the snap fracture intersecting the corner o f the step
scar. Both illustrations are traced cross sections o f experimental flakes struck from blanks with
E P A = 70 degrees, and step scar size = 5 x 20mm.

Table 4.4. Flake terminations, according to whether flakes were transversely snapped or not (All
stepped blanks with t=100).
Termination type
Feather

Inflex

Hinge

Retroflex

Pseudo-bifurcation

Step

Transverse

absent

73.7%

2.6%

21.1%

.0%

2.6%

.0%

snap

present

10.9%

13.0%

39.1%

4.3%

19.6%

13.0%

The occurrence of transverse snaps is also dependent on the platform thickness at which
the impact force was applied.

Transverse snaps do not occur when flakes are removed

from a sufficiently high platform thicknesses.

In other words, the problem of flakes

snapping seems to be dependent on the impact force being placed too close to the platform
edge. Taking the example of 70 degree cores with 5x20 step scars once more, transverse
snapping of flakes stops occurred when the impact force was located less than 8mm from
the platform edge.

Below this value, but above the removal threshold, the majority of

flakes are snapped (Figure 4.12). It should be noted, however, that one of the flakes is not
snapped, which indicates that snapping is not inevitable in this range of platform thickness.
It does seem to be the case, however, that the likelihood of snapping is greater within this
range of platform thickness than it is if the platform thickness is above 8mm.
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Figure 4.12. Flake length plotted against platform thickness, for stepped blanks (5x20) with 70
degree EPA. Flakes are coded by the presence of a transverse snap.

Comparing the frequency of transverse snaps between stepped and unstepped blanks
strongly supports the interpretation that step scars cause snapping of flakes.

Unstepped

blanks hardly ever produced transversely snapped flakes, while stepped blanks produced
snapped flakes much more frequently (Table 4.5).

Table 4.5. Percentage of transversely snapped flakes struck from stepped and unstepped blanks (all
blanks were 100mm thick).
EPA
45
70

Step scar type
5 x20

5 x40

None

41.4%

39.4 %

27.6 %

3.7 %

23.1 %

42.9 %

30.8 %

0%

10x20

The existence of an abruptly terminated flake scar on a blank's free surface clearly has the
potential to affect the path of a fracture propagating through the blank.

An important

question is raised by this phenomenon. Does it confirm that the presence of an abruptly
terminated flake scar creates a problem for the reduction process? In other words, does the
presence of a step scar make it more difficult for the knapper to strike further flakes? So
far the experiments have established that it is desirable to remove the step scar from the
blank:

flakes which do not remove the step scar often terminate abruptly themselves,

leaving behind an abruptly terminated scar which is deeper than the original step scar. In
other words, the presence of one abruptly terminated scar leads to subsequent

flakes

terminating abruptly.

As we have seen, however, failure to remove a step scar only occurs at low platform
thicknesses. To answer the question of whether a step scar causes a problem for reduction,
it is necessary to identify whether the presence of a step scar reduces the range of platform
thicknesses over which the impact point can be located to successfully produce a flake.
Comparing an unstepped blank with a stepped blank, and noting where the removal
threshold and the detachment thresholds lie, allows us to do this. For an unstepped blank,
all points on the platform which lie below the detachment threshold can be regarded as
viable points of initiation from which a flake can be struck. For a stepped blank, however,
only the points between the removal threshold and the detachment threshold will yield
flakes which remove the step scar from the blank's free surface.
region as being the blank's viable platform,

We can think of this

since it is the range of platform thicknesses

which are viable points of initiation for successfully striking a flake which removes the
step scar.

When unstepped and stepped blanks (both with an EPA of 70 degrees) are

compared, the stepped blank clearly has a much smaller viable platform than the unstepped
blank (Figure 4.13).

The unstepped blank in this case has around 15mm of viable

platform, while the viable platform of the stepped blank lies approximately between
3.5mm and 13mm, and is therefore around 9.5mm.
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Figure 4.13. Flake mass plotted against platfonn thickness, for stepped (5 x 20) and unstepped
blanks o f E P A = 70.

By reducing the size of the viable platform, the presence of an abruptly terminated scar
makes it more difficult for a knapper to successfully detach a flake. Reducing the size of
the viable platform requires the knapper to locate the point of force application with greater
precision.

As discussed earlier in the chapter, reducing the size of the viable platform

decreases the likelihood that the knapper will accurately position the initiation force within
the viable platform. If the initiation force is not located within the viable platform, then an
undesirable outcome will result: in this case, either the flake will not successfully remove
the abruptly terminated scar from the free surface of the blank, or the initiation force will
only produce an incipient cone in the platform surface.

So far. the experiments have only dealt with one size of step scar (5 x 20mm), and blanks
with onlv one EPA (70 degrees).

Further experiments will establish the effects of

increasing the size of the step scar, and the effects of step scars on blanks of higher or
lower EPA. First, however, it is necessary to discuss unstepped blanks of different EPA, to

establish how varying the EPA affects patterns of flake production, including differences
in viable platform sizes. Only when the results from unstepped blanks have been discussed
can the effect of introducing step scars to blanks of different EPA can be meaningfully
evaluated, since stepped blanks need to be compared with unstepped blanks.

Exterior platform angle

The previous section included the data obtained by striking flakes from unstepped blanks
with EPA of 70 degrees. Four other EPA's were used in the experimental program, these
being 30 degrees, 45 degrees, 60 degrees and 90 degrees.

Previous controlled experimental research has established that the EPA of a blank will be
positively correlated with the size and mass of the flakes struck from the blank, all other
things being equal.

In particular, if the platform dimensions (i.e. platform thickness and

platform width) of two flakes are the same, but one flake has a higher EPA, that flake will
be larger and heavier (Dibble and Pelcin 1995; Dibble and Whittaker 1981; Macgregor
2001, 2005; Pelcin 1996, 1997a, 1998; Speth 1981).

The experiments presented in this

section confirm these earlier results, but explore the additional issue of measuring the
viable platform size of blanks with different EPA's.

Blanks with 45 degree EPA showed a mainly linear relationship between flake mass and
platform thickness, but the relationship exhibited some interesting discontinuities. As with
other experimental series, a detachment threshold exists above which the impact force is
unable to detach a flake (Figure 4.14). The other major discontinuity in the data results
from some flakes initiating with a Hertzian initiation, while others have bending initiations.
The majority of the flakes have Hertzian initiations, but at high platform thicknesses
bending initiations occurred. The flakes with bending initiations are less heavy than the
Hertzian initiated flakes which were struck from lower platform thicknesses.

In Figure

4.14, the bending initiated flakes form a cluster of data points with platform thicknesses
greater than 27mm.
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Figure 14. Flake mass plotted against platform thickness, for unstepped blanks with EPA of 45
degrees (t=100).

A bending initiation comes about when a fracture initiates at a point on the platform which
is removed from the point of force application (Cotterell and Kamminga 1979, 1987, 1990;
Cotterell, et al. 1985; Tsirk 1979).

Because of this, bending initiations were easily

recognisable on the experimental flakes.

For this reason, the platform thickness of a

bending initiated flake will always be higher than the distance from the edge of the blank
to the point of force application. From an experimental point of view, therefore, bending
initiated flakes are a special case in that their platform thickness cannot be regarded as an
independent variable, but is instead dependent on the formation of the fracture.

For

Hertzian initiated flakes, the platform thickness is the same as the distance from the edge
of the blank to the impact point, and is therefore an independent variable since it is
determined by the knapper prior to fracture initiation.

Plotting flake mass against the impact point (rather than the flakes' platform thickness) for
45 degree EPA cores produces a slightly different pattern in the data, and one which gives
a clearer picture of how the different flake initiations occur according to the placement of
the impact force (Figure 4.15). Above a critical threshold value, Hertzian initiations cease,
and all flakes are bending initiated.
threshold

This threshold is labelled as the bending

initiation

for the purposes of this discussion. All of the flakes below the bending initiation

threshold have Hertzian initiations, while all the flakes above it have bending initiations.
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Figure 4.15. Flake mass plotted against impact point for unstepped blanks with EPA of 45 degrees
( t = 100).

The relationship between the impact point and the mass of flakes produced appears to be
different for Hertzian and bending initiated flakes (Figure 4.15).
regression was performed for bending initiated
separately.

flakes

To test this, a linear

and Hertzian initiated

flakes

Both sets of flakes showed a significant (Sig <.05) and strong relationship

between flake mass and impact point (Table 4.6). In the case of Hertzian initiated

flakes.

98.6 % of variation in flake m a s s is explained by the impact point, while for bending
initiated flakes, impact point explains 78.1 % of variation.

W h e n the two different

regression lines are plotted, it can be seen that relationship between impact point and flake
m a s s is different for the t w o sets of flakes (Figure 4.16).

Table 4.6. Linear regressions of flake mass vs impact point for bending and Hertzian initiated
flakes struck from unstepped blanks with EPA of 45 degrees (t = 100).

Initiation type
Hertzian
Bending

16-

ANOVA
SS
626.085
3.619

r^
.986
.781

d.f
1
1

M S
626.085
3.619

F
1357.885
10.192

Sig.
<.001
.033
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Figure 4.16. Linear regressions of Hertzian and bending initiated flakes struck from unstepped
blanks with EPA of 45 degrees (t = 100).

T h e lowest E P A used in the experiments w a s 30 degrees. A s with 45 degree E P A blanks,
bending initiations again occur, and again are restricted to flakes initiated f r o m an impact

point above a critical threshold on the platform (Figure 4.17). In this case, however, there
is no clear difference between the two types of flake, in terms of the relationship of impact
point to flake mass. In other words, it is unclear whether the relationship for the two sets
of flakes is best described by two separate regressions, or just one.

The best way of

answering this question is to plot separate linear regressions for the two data sets, along
with the confidence intervals of the regressions, and assess whether they overlap or not.
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Figure 4.17. Flake m a s s plotted against impact point for u n s t e p p e d b l a n k s with E P A o f 30 d e g r e e s
(t=100).

Both Hertzian and bending initiated flakes show a significant relationship (Sig <.05)
between impact point and flake mass (Table 4.7). The two different regressions overlap,
however, and the regression line for bending flakes lies largely within the confidence
intervals of the line for Hertzian flakes (Figure 4.18).

On the basis of this, it seems

unjustified to describe the two sets of flakes using two different regressions.

Table 4.7. Linear regressions of flai<.e mass vs impact point for bending and Hertzian initiated
flai<es struci< from blanks of 30 degree EPA (t = 100).

Initiation type
Hertzian
Bending
All flakes

ANOVA
SS
10.111
11.602
96.179

r^
.995
.992
.989

d.f
1
1
1

M S
10.111
11.602
96.179

F
206.486
386.762
554.760

Sig.
.044
<001
<.001
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Figure 4.18. Linear regressions, and 9 5 % confidence intervals, for Hertzian and bending initiated
flakes struck from blanks of 30 degree EPA (t=IOO).

Pooling both Hertzian and bending flakes together yielded a single regression line which
was highly significant (Sig <.001), showing a clear relationship between impact point and
flake mass. Using this single regression, impact point explains 98.9% of the variation in
flake mass (Table 4.7). Figure 4.19 plots the data points and the regression line - in this
case there is no need to visually include the bending initiation threshold, since this
threshold does not demarcate a discontinuity in the data. In this way, the 30 degree EPA
blanks are different from the 45 degree EPA blanks.
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Figure 4.19. Linear regression o f flake mass against impact point for flakes struck from unstepped
blanks with EPA o f 30 degrees (t = 100).

The highest EPA used in the experiments, 90 degrees, yielded a very different pattern of
flake size relative to platform thickness. Flakes struck from these blanks showed no clear
linear relationship between platform thickness and flake mass (Figure 4.20).
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Figure 4.20. Flake mass plotted against platform thickness for unstepped blanks with EPA of 90
degrees (t = 100).

Two of the flakes struck were noticeably larger than the other flakes, and were both struck
at platform thicknesses near to the detachment threshold. The other flakes had roughly the
same mass, which was around 80 grams.

It was unclear why the two flakes were larger

than any of the others, as there were no noticeable differences in the mode of fracture
between flakes. All the flakes were Hertzian initiated, none of the fractures bifurcated, and
none of the fractures snapped or split. The only differentiating feature of the two larger
flakes is that the fracture dived further into the blank before travelling back to the free
surface and terminating.

Because of this, the two flakes also have noticeably larger

maximum thicknesses (Figure 4.21). These data indicate that fractures are less predictable
when the EPA of a blank is particularly high - by contrast, the relationship between
platform thickness and flake mass follows a more continuous trend in all of the blanks with
EPA's lower than 90 degrees that were investigated.

A possible advantage, for the

knapper, in not using blanks with a particularly high EPA would seem to be that fracture
paths are less predictable when EPA is high, and as a consequence the size and

morphology of flakes being struck are not as easily predicted on the basis of the point from
which fractures are initiated.
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Figure 4.21. Maximum thickness of flakes plotted against platform thickness, for unstepped blanks
with EPA of 90 degrees (t = 100).

Plotting all the unstepped blanks together shows that exterior platform angle has a marked
effect on the mass of the flakes produced from equivalent platform thicknesses (Figure
4.22). Again, impact point is used in this graph instead of platform thickness, due to the
fact that the platform thicknesses of bending flakes is not determined by the placement of
the impact force.
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Figure 4.22. Flake mass plotted against impact point for unstepped blanks of different EPA's. All
blanks were 100mm thick.

The exterior platform angle also affects the size of the viable platform. For blanks with a
high EPA, the range of platform thicknesses from which a flake can be struck is smaller
than it is for blanks with a low EPA.

This pattern of decreasing viable platform with

increasing EPA is made particularly clear if the different experimental series are
summarised by regression lines, and the detachment thresholds drawn for each series
(Figure 4.23). Note that flakes struck from 90 degree EPA blanks are plotted as individual
data points, as linear regression was not possible for this series. Instead, a line has been
drawn by hand joining the data points from this series to the origin. Also, the series of
flakes struck from 45 degree blanks are summarised by two regression lines due to bending
initiations (discussed above).
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Figure 4.23. Flake mass plotted against impact point for unstepped blanks o f varying E P A . Series
summarised by regression lines where possible. Note that the dotted trend line for the 90 degree
E P A blanks was drawn by hand, and is not a regression line. Detachment thresholds (and bending
initiation threshold for 45 degree blanks) drawn as dotted lines.

Using regression lines to summarise the different experimental series also makes it
possible to test the hypothesis that blanks with different EPA's show different trends of
flake mass according to platform thickness. This can be done by drawing the confidence
intervals for the different regression lines and examining whether they overlap or not.
Once again, the flakes struck from 45 degree EPA blanks are regressed separately
according to initiation type. Each regression line is clearly separate from the others, with
no overlap of confidence intervals, apart from at very low impact points (Figure 4.24).
These data clearly demonstrate that varying the exterior platform angle of the blank has a
significant effect on the mass of flakes struck from any given point on the platform.
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Figure 4.24. Regression lines, and 9 5 % confidence intervals, o f flake mass against impact point for
unstepped blanks o f varying E P A . Detachment thresholds (and the bending initiation threshold for
45 degree E P A blanks) drawn as dotted lines.

The way in which the size of the viable platform is decreased by increasing the exterior
platform angle is summarised graphically in Figure 4.25. The size of the viable platform
appears to decrease with EPA in a non-linear fashion. The rate of decrease appears to be
quadratic in nature, indicating that a relatively simple transformation of one of the axes
might allow the relationship between EPA and viable platform to be described linearly.
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Figure 4.25. Viable platforms for blanks o f varying EPA.

Transforming the size of the viable platform logarithmically enables the relationship
between exterior platform angle and the viable platform to be described linearly (Figure
26). The log transformation enables the linear regression to explain 99.8 % of variation in
viable platform size in terms of EPA (r^ = .998). A summary of the regression model is
given in Table 4.8.

Table 4.8. Summary o f linear regression o f Logio Viable platform against EPA (unstepped blanks,
t = 100).
r^
Unstepped blanks, t = 100mm

.998

Sig.
<.001

RSqLuieM = 0.99S
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Figure 4.26. Linear regression of the relationship between viable platform size and EPA.

The analysis of viable platform size and its variation with exterior platform angle shows
that EPA does have a significant effect on the viable platform, and that this effect is nonlinear. Viable platforms become larger if the EPA is decreased, and they become larger at
a geometric rate.

The conclusion to be reached from this is that striking flakes from

artefacts is less risky if EPA is small, since less accuracy is required in the placement of
force on the platform surface.

The occurrence of bending initiations in some of the experimental series is an interesting
result. Bending initiated flakes only occurred on blanks with low EPA's, these being 30
degrees and 45 degrees.

This confirms the hypothesis advanced by Tsirk, as well as

Cotterell and Kamminga, that edges with low EPA's are more likely to fracture by bending
initiation when force is applied, due to greater tensile stresses being present on the
platform (Cotterell and Kamminga 1979, 1987; Tsirk 1979). This hypothesis is based on
the principle that an artefact with a lower EPA will behave much like a bending beam

when force is applied by the indenter, and that the tensile stresses produced along the
platform will be sufficient to initiate an opening (or Mode I) fracture somewhere on the
platform surface rather than the initiation force producing a Hertzian cone fracture at the
point of force application.

It is interesting to note, however, that all the flakes with

bending initiations produced in any of my experimental series clearly have an incipient
Hertzian cone on the platform surface, even though the flake-producing fracture initiates
away from the impact point. In other words, bending initiations are occurring in addition
to, and not instead of, the formation of a Hertzian cone.

The problems which abrupt terminations create for flake production were introduced
earlier in this chapter. Given the differences in fracture behaviour, and flake morphology,
produced by changing the exterior platform angle, it could be expected that the fracture
process will react differently to abrupt terminations if the exterior platform angle is
changed. The next section will assess the effects of step scars on experimental blanks with
varying exterior platform angle.

Abrupt terminations and exterior platform angle

The presence of a step scar on the free surface of a blank decreases the size of the viable
platform, as shown in an earlier section (the problem of abrupt terminations). The effect of
step scars on the size of the viable platform changes with changes in exterior platform
angle, however, as the experiments in this section will show.

The experimental series

presented here will compare cores of different EPA, as well as varying the size of the step
scars present on the cores, to assess how changing the depth or the length of a step scar
affects the outcomes of the flake production process, and the size of the viable platform.

Three different EPA's were utilised for comparison, and three different sizes of step scar
were used. In the earlier section, a series of experimental blanks with step scars 5mm deep
and 20mm long (i.e. 5 x 20mm) was presented. For comparison, blanks were machined
which had step scars twice as deep (10 x 20mm), and twice as long (5 x 40mm) as this
size. A summary of the different series, and the number of replicates within each series, is
given in Table 4.9 (Again, all blanks are 100mm thick)

Table 4.9. Number of replicates in the experimental series comparing EPA and step scar size. All
blanks are 100mm thick.

Step scar size (mm)
5x20
10x20
5 x40

45 degrees
33
29
29

Exterior Platform angle
70 degrees
14
13
13

90 degrees
14
8
8

The exterior platform angle of a stepped blank affects the location of the removal
threshold, as well as the detachment threshold.

Stepped blanks with low EPA have a

removal threshold which is located at a higher platform thickness than blanks with higher
EPA.

In other words, the force must be located at a higher platform thickness to

successfully remove the step scar from the blank. This effect occurred regardless of the

size of the step scar, and is demonstrated using blanks with 5x20mm step scars as an
example (Figure 4.27). Blanks with 90 degree EPA have no removal threshold, since all of
the flakes which were struck successfully removed the step scar. For both the 70 degree
and 45 degree blanks, however, flakes struck at low platform thicknesses did fail to remove
the step scar, so these series do have an identifiable removal threshold.
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Figure 4.27. Flake mass plotted against platform thickness, for stepped ( 5 x 2 0 ) blanks o f varying
EPA (t=100). Removal thresholds shown as dotted lines. Trace lines have been drawn for each
series for clarity, and to show where detachment thresholds are encountered.

The higher removal threshold measured on blanks with 45 degree EPA means that
fractures need to be initiated further away from the edge of the platform if they are to be
unaffected by the step scar. It is possible to explain this in terms of the geometry of the
blank, and the orientation of the free surface relative to the platform surface.

As the

exterior platform angle is lowered, fractures travelling through the core will pass nearer to
the corner of the step scar, assuming that the angle of propagation through the core is

similar (Figure 4.28). These fractures would be more likely to be affected by the presence
of the step scar, and consequently would be more likely to terminate abruptly.

EPA = 45 degrees

EPA = 70 degrees

EPA = 90 degrees

Figure 4.28. By increasing the EPA, a fracture initiated from the same platform thickness and
propagating at the same angle to the platform surface will pass further away from the comer of the
step scar.

The experimental flakes show^ that, while the angle of fracture propagation does change
slightly with changes to the EPA, this change in angle is not as large as the change in the
orientation of the free surface (Figure 4.29). The subsequent EPA of the blank is used as
an indication of the angle of fracture propagation: subsequent EPA is the angle between the
platform surface and the fracture surface, at a point on the fracture surface beyond the bulb
of force.

This means that subsequent EPA was measured on the medial region of the

fracture surface, and is therefore a good indicator of the general angle of fracture
propagation relative to the platform surface. The comparable values of subsequent EPA
obtained from blanks of differing EPA means that fractures propagating through a 45
degree EPA blank will travel at a steeper angle to the free surface than those in a 70 or 90
degree EPA blank, as depicted in Figure 4.29. As a consequence of this, initiation must be
at a higher platform thickness on a low EPA blank if the fracture is to propagate at a
sufficient distance from the comer of the step scar to avoid having its path disrupted.
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Figure 4.29. Subsequent EPA plotted against platform thickness for stepped blanks (5x20) of
varying EPA.

A l t h o u g h d e c r e a s i n g the E P A raises the v a l u e of the r e m o v a l t h r e s h o l d , the v i a b l e p l a t f o r m
o f l o w E P A b l a n k s is still larger than that o f high E P A blanks. T h e v i a b l e p l a t f o r m is t h e
area b e t w e e n the r e m o v a l threshold and the d e t a c h m e n t t h r e s h o l d , and a l t h o u g h

the

r e m o v a l t h r e s h o l d is increased as E P A is d e c r e a s e d , the h i g h e r d e t a c h m e n t t h r e s h o l d still
creates a larger v i a b l e p l a t f o r m .

V i a b l e p l a t f o r m s are larger o n l o w E P A b l a n k s r e g a r d l e s s o f the size o f the step scar
( F i g u r e 4 . 3 0 , T a b l e 4.10).
experimental program.

T h r e e d i f f e r e n t sized step scars w e r e e m p l o y e d

T h e smallest w a s 5 m m long and 2 0 m m d e e p ( 5 x 2 0 m m ) ; t h e

s e c o n d w a s t w i c e as d e e p , b e i n g
5x40mm.

in this

1 0 x 2 0 m m ; and the third w a s t w i c e as long, b e i n g

For each d i f f e r e n t step scar size, c h a n g e s in E P A b r o u g h t a b o u t p r o n o u n c e d

c h a n g e s in the size o f the v i a b l e p l a t f o r m , w h i c h d e c l i n e s as E P A increases.

Surprisingly,

v a r y i n g the size o f the step scar has v e r y little e f f e c t on the size o f the v i a b l e p l a t f o r m .

when EPA is held constant. In other words, the viable platform of blanks with the same
EPA is roughly the same regardless of the size of step scar.
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Figure 4.30. Viable platforms of blanks with different sized step scars (5x20, 10x20 and 5x40
mm), and of different EPA (All blanks 100mm thick).

Table 4.10. Viable platform size (in m m ) of blanks with different EPA, and different step scar
sizes (all blanks 100mm thick).

EPA

45 degrees
70 degrees
90 degrees

Step scar size
5 x20
13.6 mm
9.6 mm
7.4 mm

10x20
11.9 mm
9.6 mm
6.3 mm

5 x40
15.3 mm
9.2 mm
6.6 m m

The fact that step scar size has a relatively minor effect on viable platform size is seen
more clearly by re-arranging Figure 4.30, so that the series are clustered by EPA (Figure
4.31). Increasing either the length or the depth of the step scar causes very little difference
in viable platform size of the 70 degree EPA banks. The 45 degree and 90 degree EPA
blanks show slight changes in viable platform size, but again the changes are not very
great. The largest difference in viable platform size occurs in the 45 degree EPA series,
which show a difference of 3.4mm in viable platform size between the series with
10x20mm step scars, and the series with 5x40mm step scars (Figure 4.31; Table 4.10).
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Figure 4.31. Viable platforms of blanks with different sized step scars (5x20, 10x20 and 5 x 4 0 m m ) ,
and of different EPA (All blanks 100mm thick).

Although some small differences in viable platform size result from varying the size of the
step scar, a much more dramatic difference in viable platform size exists between blanks
with and without step scars present (Figure 4.32). The exception to this pattern is the 90
degree EPA blanks, which do not experience a noticeable reduction in viable platform size
when a step scar is present, no matter what the size of the step scar is. For the blanks with

lower EPA's (45 degrees and 70 degrees), introducing a step scar to the free surface causes
a noticeable reduction in the size of the viable platform. The reduction in viable platform
size which results from introducing a step scar is roughly equivalent for each of the
different step scar sizes. In other words, the particular size of the step scar appears to exert
a relatively minor effect on the size of the viable platform, compared with the difference in
viable platform size which results simply from the presence of a step scar.
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Figure 4.32. Viable platforms of unstepped blanks, compared with blanks with different sized step
scars (5x20, 10x20 and 5x40 mm), clustered by EPA (All blanks 100mm thick).

Given that the viable platform size of stepped blanks is approximately

equivalent

regardless of the size of the step scars present, the different stepped blanks can be plotted
together, to visualise the effect of introducing step scars to blanks of different EPA's
(Figure 4.33). Blanks with the lowest EPA (45 degrees) experience the largest reduction in
viable platform size when a step scar is present.

The size of the viable platform is

approximately halved with the introduction of a step scar. The reduction in viable platform
size is not as great for 70 degree EPA blanks, with the viable platform being reduced
approximately by one third.

The highest EPA (90 degrees) showed only a very small

reduction of viable platform size. Although the reduction of viable platform size is greater
in blanks of low EPA, it is important to note that low EPA blanks still have a larger viable
platform than higher EPA blanks when a step scar is present.
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Figure 4.33. Viable platform size of stepped and unstepped blanks plotted by EPA (all blanks
100mm thick).

Fitting regression lines to the data in Figure 4.33 confirms that viable platform size
increases as EPA decreases, for both stepped and unstepped blanks.

In the previous

section, it was shown, for unstepped blanks, that the relationship between viable platform
size and EPA could be represented with a linear regression if viable platform size was

plotted logarithmically.

Because of this, it is necessary to transform the viable platform

sizes logarithmically before a linear regression could be carried out on the stepped blanks
as well (Figure 4.34). The linear regression describes the data very well and indicates that
93.7% of the variation in viable platform size is accounted for by exterior platform angle,
for all stepped blanks combined (r^ = .937). Also, the correlation between EPA and logio
viable platform size is strongly significant for stepped blanks (<.001), confirming that
viable platform size increases as EPA decreases (Table 4.11).
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Figure 4.34. Viable platform size of stepped and unstepped blanks plotted logarithmically
according to EPA, with linear regression lines (all blanks 100mm thick).

Table 4.11. Summar> of linear regression of Logio viable platform against EPA (stepped blanks, t
= 100).
—^
r"
Stepped blanks
Unstepped blanks

.937
.998

Sig.
<001
<.001

It is clear from the data presented here that striking flakes from a platform edge which has
a low EPA requires less precision in terms of force placement.

Not only do low EPA's

produce a larger viable platform in unstepped blanks, the same is also true when an

abruptly terminated scar is present on the free surface. Although low EPA blanks exhibit
the greatest reduction in viable platform size when a step scar is introduced, the viable
platform is still larger than stepped blanks with higher EPA's.

In terms of the reduction

process, these data deliver a very clear and simple message: the occurrence of abrupt
terminations is less of a problem if the EPA is low, because it is easier for the knapper to
successfully remove the abruptly terminated scar.

Given that blanks with lower EPA's exhibit larger viable platforms, it would

be

advantageous for knappers to be able to maintain low exterior platform angles on artefacts
throughout the reduction process, all else being equal.

If exterior platform angles were

consistently low throughout the reduction process, then the problems created by the
occurrence of abrupt terminations would not be as severe, because it would be easier to
successfully remove them from the blank.

Maintaining consistently low EPA's as

reduction proceeded would therefore be an effective strategy for extending the reduction
process.

In order for the EPA to be kept low throughout the reduction process, the platform angle
left on the blank after each flake removal must be low. A low EPA cannot be maintained
if each flake leaves behind a higher EPA than that which existed on the blank before it was
removed. In order to test whether this occurs in the context of the experimental flakes, the
EPA which existed on the blank subsequent to flake removal was measured.

This

"subsequent EPA" was measured as the angle between the platform surface and the
fracture surface below the bulb of percussion.

This is not the same measurement as the

"interior platform angle", which is the angle between the platform surface and the Hertzian
cone at the point of initiation (Dibble and Pelcin 1995; Dibble and Whittaker 1981; Pelcin
1996, 1997b). The subsequent EPA is a more accurate measurement of the EPA which
results from flake removal, as it measures the angle of the fracture surface (the new free
surface of the blank) after the fracture has attained directional stability.

The interior

platform angle, by contrast, measures the angle of the overhang, which is often very
different from the angle of the free surface overall.

The experimental data showed that removing flakes from a low EPA blank inevitably
results in a higher subsequent EPA being produced (Figure 4.35). Flakes removed from
blanks with EPA's of 90 degrees and 70 degrees created subsequent EPA's between 70 and

60 degrees.

Detaching flakes from these high EPA blanks therefore had the effect of

reducing their EPA. Blanks with 60 degree EPA had approximately the same EPA's after
flake detachment, with subsequent EPA's falling between 55 and 65 degrees.

The

subsequent EPA's created by flake detachments from low EPA blanks (30 degrees and 45
degrees) varied greatly according to impact point.
produced when bending flakes were detached.

The highest subsequent EPA's were

These flakes created subsequent EPA's

between 80 and 105 degrees. Subsequent EPA's created by Hertzian flakes were lower,
falling between 50 degrees and 65 degrees.

The most significant finding of measuring

subsequent EPA is that none of the flakes detached from blanks with low EPA's (30 and 45
degrees) created a similarly low subsequent EPA, regardless of the point on the platform
from which they were struck.
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Figure 4.35. Subsequent EPA's produced by flake removals from unstepped blanks o f different
EPA (all blanks 100mm thick).

The fact that a low platform angle will increase when a flake is detached is a
straightforward consequence of the fact that flakes are usually wedge-shaped, tapering in

thickness from their proximal to their distal ends. Assuming that the free surface is flat,
and that the path of the flake-producing fracture is more or less straight, then any flake
removal will produce a flake which is wedge-shaped in longitudinal cross-section, and
which leaves behind a subsequent EPA which is larger than the EPA which existed before
flake removal (Figure 4.36).

EPA

Figure 4.36. Detaching a "wedge-shaped" flake causes an increase in EPA.

On the higher EPA blanks (70 and 90 degrees), flake detachment often resulted in a
subsequent EPA which was less than the initial EPA, as was seen in Figure 4.35.

This

occurred because the flakes detached from blanks with higher EPA's were not simple
tapering wedges as depicted in Figure 4.36. Instead, the fracture followed a curved path
through the blank, enabling it to begin propagation at a low angle to the platform surface,
but still reach the free surface and terminate (Figure 4.37).

Consequently, these flakes

leave a concave flake scar on the face of the blank. In many cases, these flakes terminated
abruptly, as illustrated in Figure 4.37.

EPA

Figure 4.37. Detaching a flake with a curved fracture surface can produce a subsequent EPA which
is lower than the initial EPA.

Although the experimental results show that abrupt terminations present less of a problem
when the exterior platform angle is low, it is also the case that maintaining a low EPA is
difficult to achieve.

Detaching a flake from blanks with very low EPA's (30 and 45

degrees) always produced a subsequent EPA which was higher than the initial EPA. Flake
detachment caused a reduction in EPA on the blanks which had a higher initial EPA (70
and 90 degrees, as well as some 60 degree blanks). This could only be achieved, however,
because the flakes detached had curved fracture surfaces, and consequently left concave
flake scars in the free surface.

In short, low exterior platform angles will inevitably

increase as flakes are detached, and the only way to produce a reduction in EPA leads to
the creation of concave flake scars. These concave flake scars are similar to (and in some
cases are in fact) abruptly terminated flake scars. Consequently, it could be expected that
these flake scars will cause problems for further flake detachment in much the same way
that abruptly terminated flake scars do.

Clearly, a strategy of maintaining low exterior

platform angles throughout the reduction process would be problematic to achieve.

Maintaining a low EPA throughout the reduction process would represent a strategy of
minimising the problems posed by abrupt terminations when they occur. An alternative
strategy to minimise the problem of abrupt terminations would be to prevent abrupt
terminations from occurring in the first place. In other words, if the likelihood of flakes
terminating abruptly could be reduced, then the reduction process would be less
problematic. The experiments described in the following section will show that decreasing
the overall thickness of the blank being reduced is a very effective way of achieving this
aim.

Blank thickness
The experimental series described so far all used blanks which had a thickness of 100mm.
At this thickness, all fractures terminated on the free surface adjacent to the platform
surface. This free surface, which meets the platform surface at the blank's edge, can be
termed the proximal free surface. The blanks used so far have had the simplest possible
configuration of free surfaces, having only two surfaces (the platform surface and the
proximal free surface) on which fractures could initiate and terminate. Most previous
controlled experiments have employed similarly simple core morphologies (Dibble and
Pelcin 1995; Dibble and Whittaker 1981; Pelcin 1996, 1997a, 1997b, 1997c; Speth 1974,
1975, 1981). While this setup can be argued to be a strong analogue for the removal of
flakes from large cores, where other free surfaces are located too far away from the
detaching flake to have any influence on fracture propagation, the analogy becomes much
less strong when considering the case of removing retouch flakes from the margin of a
flake blank.
As a flake is retouched, the situation at the retouched edge becomes one where multiple
free surfaces are set up. Two of the free surfaces are formed by the dorsal and ventral
surfaces of the flake blank. One of these surfaces is employed as the platform for
removing retouch flakes. As these retouch flakes are removed, they leave behind scars
which form an additional free surface. In general terms, a retouched flake can be
visualised as having two distinct free surfaces which could both influence the path of a
fracture as it propagates away from the platform surface. These two surfaces will be
referred to as the proximal free surface and distal free surface throughout this chapter
(Figure 4.38).

I'xlerior
platform angle

Blank
thickncss

Proximal free
surface

Distal free
surface
Figure 4.38. The general configuration of free surfaces existing on a retouched flake. The
proximal free surface is created the removal of retouch flakes.

The series of experiments described in this section were carried out with the objective of
exploring the effects that introducing an additional free surface will have on fracture
propagation and flake production.

The experimental blanks used in the following

experiments have both a proximal free surface and a distal free surface. In all cases, the
distal free surface runs parallel to the platform surface of the blank. In many situations, of
course, the configuration of free surfaces on the edge of a retouched flake could be more
complex than this, with multiple facets created by retouch scars resulting in a number of
distinct free surfaces. In addition, distal free surfaces will often not run parallel to the
platform surface, but will be oriented at some other angle. The experimental blanks used
here are still a simplification of real-world knapping situations, but they provide a more
valid analogue for exploring the process of retouching a retouched flake than blanks with
only a single free surface.

To ensure comparability with the single-free-surface blanks used in previous experiments,
the proximal free surfaces were oriented at the same range of angles to the platform
surface, to give the same range of exterior platform angles (45 degrees, 60 degrees, 70
degrees and 90 degrees).

The other major variable which was manipulated was the

thickness of the experimental blanks.

The thickness of the blank was measured as the

distance between the platform surface and the distal free surface (Figure 4.38).

Separate series were carried out using a variety of different blank thicknesses, in order to
explore whether the thickness of the blank has an effect on fracture propagation.

The

experiments described in this section were designed to explore two separate but closely
related hypotheses:

Hypothesis 1: that introducing a second free surface, the distal free surface, onto a blank
will affect the propagation of fractures within the blank.
Hypothesis 2: that the thickness of the blank will affect the propagation of fractures within
the blank.

A result which was of particular interest was whether introducing a distal free surface onto
a blank has an effect on the occurrence of abrupt terminations.

Does the presence of a

distal free surface have any effect on the likelihood of fractures terminating abruptly?

Distal free surfaces decrease the occurrence of abrupt terminations

The existence of a distal free surface provides a fracture with an additional surface at
which it can terminate: as seen in previous sections, when a blank has only a single free
surface, all fractures must curve outwards to meet this surface if they are to terminate at all.
When a distal free surface is present, however, it is possible for a fracture to run straight
through the blank and terminate at this surface (Figure 4.39). The most important finding
of the experiments described in this section was that the surface on which a fracture
terminates has a number of important effects on flake morphology.
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Figure 4.39. The presence of a distal free surface means that fractures can either terminate on the
proximal free surface or the distal free surface.

Fractures which terminated at the distal free surface showed a much lower frequency of
abrupt terminations than fractures which terminated on the proximal free surface.
pattern occurred regardless of exterior platform angle (Table 4.12).

This

No result could be

gained from blanks with an EPA of 90 degrees - in their case, only one flake terminated on
the proximal surface, so no meaningful comparison of abrupt termination frequencies
could be made. The greatest contrast in abrupt termination frequency occurred in blanks
with an EPA of 60 degrees - 78.3% of fractures which terminated on the proximal surface
terminated abruptly, while only 6.9% of fractures which terminated on the distal surface
were abruptly terminated. The association of termination surface and abrupt terminations
is also clearly evident on blanks with a lower EPA (45 degrees) and higher EPA (70

degrees). For all three EPA's, the association between abrupt terminations and the
termination surface is statistically significant (Table 4.13).
Table 4.12. Number and percentage of flakes which terminated abruptly, according to the free
surface they terminated on (all unstepped blanks).
45 degrees
60 degrees
Termination
70 degrees
90 degrees
surface
Count %
Count %
Count %
Count %
Proximal surface 39
68.4
18
48.9
.0
78.3
23
0
2
Distal surface
4
28.6
6.9
10
17.2
6
19.4
Table 4.13. Chi-square tests showing significant association between termination surface and
termination type (abrupt vs non-abrupt terminations).
EPA
d.f
Chi-square
45 degrees
1
0.006
60 degrees
1
<0.001
70 degrees
1
0.001
Since the likelihood of abrupt terminations is greatly reduced when a fracture terminates
on the distal rather than the proximal free surface, it is clearly important to investigate the
circumstances under which this will occur. In other words, we need to understand the
conditions under which a fracture will travel through the blank to terminate on the distal
free surface.
The major finding of the experiments conducted in this section was that the platform
thickness at which fractures were initiated determined whether the fracture would
terminate on the distal or the proximal free surface. In order for a fracture to travel through
the blank to the distal free surface, it needs to be initiated at a sufficiently high platform
thickness. For each blank type, it is possible to identify a threshold value of platform
thickness, below which all flakes terminate on the proximal free surface, and above which
all flakes terminate on the distal free surface. This threshold will be referred to as the free
surface threshold. A "window" of platform thickness exists between this threshold and the
detachment threshold, within which fractures will initiate successfully and travel to the
distal free surface. If the platform is struck at a point above this window no initiation will
occur, and if struck at a point below this window a fracture will initiate but it will terminate
on the proximal free surface. As an example, for blanks with an EPA of 70 degrees and a

thickness of 50mm, the two thresholds create a window (referred to here as the distal
termination

30-

window) of approximately 10mm on the platform surface (Figure 4.40).
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Figure 4.40. Flake mass plotted against platform thickness, showing the threshold at which
fractures begin to terminate on the distal free surface (the "free surface threshold"). EPA = 70
degrees, blank thickness = 50mm.

Initiating a flake-producing fracture within this distal termination

window is advantageous

for the knapper, given that fractures which terminate on the distal free surface are much
less likely to terminate abruptly.

Therefore the size of the window is of particular

importance, in that it determines the precision needed in order to strike a flake which
terminates on the distal free surface. A variety of experimental series were carried out to
investigate the effect which varying the exterior platform angle, and the thickness of the
blank has on the size of the window.

In general terms, decreasing the EPA of a blank decreases the size of the platform window.
Comparisons were conducted on four EPA's: 45°, 60°, 70° and 90°, and were made using

three different blank thicknesses: 40mm, 50mm and 70mm.

In the case of the thickest

blanks (70mm thick), no window exists for blanks with lower EPA (45° and 60°), since all
flakes terminated on the proximal free surface. A window does exist for the blanks with
higher EPA (70° and 90°), though the size of the window is slightly smaller for the 90°
blanks (Figure 4.41)^.

In the figure, the two thresholds (detachment threshold and free

surface threshold) are shown as dotted lines.

For each blank type, the window within

which flakes terminate on the distal free surface exists between these two dotted lines.
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Figure 4.41. 7 0 m m thick blanks of various exterior platform angles, s h o w i n g the free surfaces on
which flakes terminated relative to the platform thickness (impact point) f r o m which they w e r e
struck.

^ Figures in this section use the measurement of impact point rather than platform thickness to remove the
ambiguity caused by the fact that the measured platform thickness of flakes with bending initiations is always
larger than the their impact points. The impact point is the platfom thickness at which the blank was actually
struck. Given that the present discussion uses the concept of the "window" to represent the range of points
on the platform at which the blank needs to be struck in order to produce a flake which terminates on the
distal free surface, it is logical to represent the platform thickness of each flake by its impact point.

A similar result was obtained when the blank thickness was reduced to 50mm. The 45°
blanks exhibited a very small window compared with the 60° and 70° blanks. Again, the
size of the window contracted slightly when the EPA was increased to 90° (Figure 4.42).
Comparing Figure 4.42 with Figure 4.41, it can be seen that the effect of EPA on the
window size diminishes slightly as the thickness of the blank is decreased.

While the

thicker blanks in Figure 4.41 show a complete disappearance of the window when the EPA
is reduced from 70° to 60°, the thinner blanks in Figure 4.42 show that window size
experiences much less of a decrease as EPA decreases.

The window size is roughly

equivalent for 90°, 70° and 60° blanks, and a marked decrease in window size is seen only
when EPA is reduced to 45°.
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Figure 4.42. 50mm thick blanks of various exterior platform angles, showing the free surfaces on
which flakes terminated relative to the platform thickness (impact point) from which they were
struck.

When the thickness of the blanks is reduced to 40mm, the effect of EPA on the size of the
window decreases still more (Figure 4.43).

The window is largest for 60° blanks, and

decreases slightly for 70° and 90° blanks. Again, there is a marked decrease in the window
size when the EPA is reduced to 45°, but this decrease is not as dramatic as it was for the
thicker 50mm blanks in Figure 4.42.
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Figure 4.43. 40mm thici< blanks of various exterior platform angles, showing the free surfaces on
which flakes terminated relative to the platform thickness (impact point) from which they were
struck.

Comparing the three different blank thicknesses illustrated in Figures 4.41, 4.42 and 4.43,
it is possible to conclude that in general terms the size of the window will decrease as the
EPA of a blank decreases, but this relationship is not uniformly true for all blank
thicknesses.

Most importantly, exterior platform angle becomes less relevant

determining the size of the window as blanks become thinner.

in

For the thinnest blanks

(40mm), the size of the window is almost independent of the exterior platform angle of the
blank.

For thicker blanks (50mm and 70mm), the exterior platform angle of the blank

became more important in determining the size of the window. In the case of these thicker

blanks, a higher EPA is associated with a larger window, indicating that a blank with a
high EPA would make it easier for a knapper to successfully strike a flake which
terminates on the distal free surface.

The results of the experiments described in Figures 4.41, 4.42 and 4.43 foreshadow the fact
that blank thickness will have an important effect on the size of the distal termination
window. To explore the relationship between these two variables in more detail, a number
of additional experimental series were conducted.

For each of three exterior platform

angles (45°, 60° and 70°), experimental blanks were machined to explore fracture
behaviour and flake morphology over a range of blank thicknesses. Blanks with 90° EPA
are not discussed in this section, because of the fact that virtually all flakes struck from
blanks with this EPA terminated on the distal free surface, regardless of the thickness of
the blank. As can be seen in Figures 4.41, 4.42 and 4.43, the size of the window shows no
variation with changing blank thickness. A discussion comparing the window size relative
to blank thickness is therefore unnecessary in the case of 90° EPA blanks.

For all three of the other EPA's tested, the size of the window decreases as blank thickness
increases. Blanks with EPA of 70° show a relatively similar window size for blanks which
are 40mm, 50mm and 60mm thick, with the window size declining as blank thickness is
increased beyond this. There is a sharp decline in the size of the window when blank
thickness is increased from 80mm to 90mm, and the window disappears entirely when
blank thickness is increased to 100mm (Figure 4.44). The decrease in window size with
increasing blank thickness is largely due to the movement of the lower threshold, the
threshold at which fractures begin to terminate on the distal free surface.

As blank

thickness increases, this threshold occurs at higher values of platform thickness. In other
words, it is necessary to strike the blank at a point further from the platform edge in order
to produce flakes which terminate on the distal free surface.
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Figure 4.44. 70° EPA blanks of various thicknesses, showing the free surfaces on which flakes
terminated relative to the platform thickness (impact point) from which they were struck.

Blanks with 60° exterior platform angles showed a similar general trend of decreasing
window size with increasing blank thickness. Again, the thinnest blanks (30mm, 40mm

and 50mm) show similar window sizes, but there is a noticeable decline in window size
when the thickness of the blanks increases to 60mm (Figure 4.45). When blank thickness
is increased to 70mm, the window disappears and all flakes terminate on the proximal free
surface of the blank.

As with the 70° EPA blanks, the decrease in window size with

increasing blank thickness is not linear. Much of the difference in window size between
the different blank types is again caused by a change in the "free surface threshold". As
blank thickness increases, this threshold occurs at higher values of platform thickness.
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Figure 4.45. 60° EPA blanks of various thicknesses, showing the free surfaces on which flakes
terminated relative to the platform thickness (impact point) from which they were struck.

The smallest EPA tested, 45°, also showed a pattern of decreasing window size with
increasing blank thickness. The two thinnest blanks employed (30mm and 40mm) show
no large decrease in window size, with the decrease becoming more noticeable when blank

thickness is increased to 50mm (Figure 4.46).

The 50mm blanks have virtually no

window, as the two thresholds are within 1 mm of one another. When the blank thickness
was increased to 70mm, no window exists and all flakes terminate on the proximal free
surface.

Interestingly, there is a marked increase in the detachment threshold as blank

thickness increases.

In other words, a thicker blank means that flakes can be initiated at

points further from the platform edge.

This effect is probably caused by the increased

inertia which thicker blanks possess: a thin blank will bend as the indenter strikes it, which
could absorb enough energy to prevent the impact from initiating a fracture. Thick blanks
will bend less, resulting in a greater proportion of the energy from the impact being fed
into the propagation of the Hertzian cone and the development of the Hertzian cone into a
flake-producing fracture. Despite this increase in the detachment threshold, the size of the
window declines as blank thickness increases, due to the fact that the threshold at which
flakes terminate on the distal free surface also increases, and increases at a greater rate. As
with the 60° and 70° EPA blanks, it is the increase of this threshold which causes the
decrease in the size of the window.
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Figure 4.46. 45° EPA blanks of various thicknesses, showing the free surfaces on which flakes
terminated relative to the platform thickness (impact point) from which they were struck.

For any of the exterior platform angles analysed in these experiments, the general trend
seen is that the window of platform thicknesses within which fractures will terminate on
the distal surface decreases as the thickness of the blank increases.

When the blank

becomes too thick, the window disappears entirely, meaning that all fractures terminate on
the proximal free surface. The decrease of window size with increasing blank thickness is
not a linear trend for any of the EPA's employed in these series. Instead, in each case the
size of the window appears to be relatively stable as blank thickness increases, until a
critical "tipping point", or point of inflection is reached, at which it diminishes rapidly. For
the 70° EPA blanks, this tipping point occurs after the thickness of the blank is increased
from 80mm. For the 60° EPA blanks, a similar rapid decrease occurs when blank thickness
exceeds 50mm, and for the 45° EPA blanks the tipping point occurs when blank thickness
rises above 40mm.

At the beginning of this section, it was demonstrated that striking flakes which terminate
on the distal free surface brings with it a significant advantage, in that these flakes are
much less likely to terminate abruptly. Given that striking flakes in this way is an effective
strategy for limiting the occurrence of abrupt terminations, analysing the size of the
"window" of platform thickness within which such flakes must be initiated is important in
order to evaluate the relative precision required of the knapper to strike flakes in this way
from blanks of different morphologies.

The experiments carried out in this section have

found that:
•

Flakes will only terminate on the distal free surface if they are initiated at a point
sufficiently far from the edge of the platform. In other words, a threshold value of
platform thickness exists, below which flakes will terminate on the proximal free
surface instead.

•

The window between this threshold and the detachment threshold varies with the
exterior platform angle of the blank, and the thickness of the blank.

•

In general terms, the window increases if the EPA of the blank is increased. This
association between window size and EPA was true for the thicker experimental
blanks. For very thin blanks, however, the size of the window is independent of the
blank's EPA.

•

The size of the window decreases as blank thickness increases. This trend appeared
not

to be linear: instead, the decrease in window size accelerates when the

thickness of the blank increases beyond a critical point. In general terms, thinner
blanks have a larger window size than thicker blanks. This relationship was not
detected, however, for blanks with very high (90°) exterior platform angles: for
these blanks, the size of the window is independent of the thickness of the blank.

Based on these results, it would appear that a knapper could employ two alternative
strategies in order to facilitate the striking of flakes which terminate on the distal free
surface.

First, if the exterior platform angle of the blank being retouched could be

maintained at a very high value (close to 90°), then the size of the window would be
maximised, and therefore the precision required to strike flakes which terminate in this
way would be minimised.

The second strategy would involve retouching thin blanks in

preference to thick blanks. The larger window size which thinner blanks possess would
similarly reduce the precision required to strike flakes which terminate on the distal free
surface. The drawback of the first strategy is that maintaining very high exterior platform
angles is likely to be problematic in most knapping situations.

Experimental results

presented earlier in this chapter demonstrate that striking a flake from a blank with a high
EPA always leaves the blank with a lower subsequent exterior platform angle (see Figure
4.35).

It has of course been demonstrated that in some specific knapping situations it is possible
for knappers to maintain high exterior platform angles: this has been demonstrated in the
case of pressure flaking blades from polyhedral cores (Callahan 1984; Crabtree 1968;
Faulkner 1972). These examples all involve a high degree of precision in the technique
employed by the knapper, however, in terms of immobilising the piece being worked,
placement of the applied force, and even variation of the angle of force while the fracture
is travelling through the piece being worked (Crabtree 1968).

It seems likely that these

substantial requirements of knapping precision would defeat the purpose of attempting to
maintain very high exterior platform angles, if this was being done as a strategy to
minimise the precision required to strike flakes which terminate on the distal free surface.

Given the difficulty of maintaining a very high EPA during the retouching of a blank, the
alternative strategy of preferentially selecting thin blanks would seem to be a more viable

way to minimise the occurrence of abrupt terminations. Selecting thin blanks over thick
blanks will increase the size of the window from which flakes will terminate on the distal
free surface, and will consequently reduce the precision required to achieve this outcome.
Preferentially retouching thin blanks will therefore reduce the frequency with which abrupt
terminations occur. A strategy of preferentially retouching thin blanks will therefore help
to avoid the problems which abrupt terminations pose to the reduction process.

This

conclusion, however, raises an additional question. Does the preferential selection of thin
blanks make it easier to successfully remove abruptly terminated flake scars when they do
occur?

Blank thickness, and the removal of abruptly terminated flake scars

The previous section confirmed the hypothesis that reducing the thickness of a blank has
the advantage of reducing the probability of abrupt terminations occurring. To follow on
from those experiments, this section will test the hypothesis that reducing the thickness of
a blank assists in overcoming abrupt terminations if they do occur. Earlier in this chapter,
it was found that an abruptly terminated flake scar causes a subsequent fracture to
terminate abruptly, unless that fracture is initiated at a point sufficiently far away from the
edge of the platform. Fractures will only remove an abruptly terminated flake scar if they
are initiated at a point above a critical removal threshold value of platform thickness. As a
consequence, an abruptly terminated flake scar creates a restricted viable platform,

which

is the range of platform thicknesses from which a fracture must be initiated if it to
successfully remove the abruptly terminated scar. This section will test whether the
existence of an abruptly terminated flake scar restricts the size of the viable platform to a
greater degree if blank thickness is increased.

To test this hypothesis, series of experimental blanks were machined with abruptly
terminated scars of three sizes (5 x 20 mm, 1 0 x 2 0 mm, and 5 x 40 mm), and with three
exterior platform angles (45°, 70° and 90°). For each combination of EPA and scar size,
two blank thicknesses were used: 50mm and 100mm. The two values of blank thickness
selected were therefore at the upper and lower extremes of the range of blank thicknesses
used in previous sections of this chapter.

In the case of the blanks with the lowest exterior platform angle, 45°, reducing the
thickness of the blank did have a consistent effect in terms of increasing the size of the
viable platform (Figure 4.47). In the case of the longest scar type (5 x 40mm), the thinner
blanks had a detachment threshold which was roughly 3.5mm higher than the thicker
blanks. This resulted in a larger viable platform, as the removal threshold was equivalent
for both thicknesses.

The other two scar types showed very little variation in either

threshold. None of these small variations result in a noticeable difference in the size of the
viable platform, however. These results indicate that thinner blanks might carry a slight
advantage in terms of making it easier to remove abruptly terminated scars.

This

advantage only seems to occur if the abruptly terminated scars are relatively long,
however: in the experiments, the 5 x 40mm scar is four fifths as long as the 50mm blank is
thick, after all.

A thin blank will not serve to alleviate the problems caused by the

occurrence of all abruptly terminated scars regardless of the size of these scars.
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Figure 4.47. Blanks with EPA of 45 degrees, showing viable platform size in relation to blank
thickness. The changes in removal threshold and detachment threshold are shown as dotted lines.

Blanks with an E P A of 70° show a very similar pattern to the 45° EPA blanks.

Again,

blanks which had the longest scars (5 x 4 0 m m ) showed an increase in the size of the viable
platform w h e n the thickness of the blank was reduced (Figure 4.48).

This increase in

viable platform size results from a decrease in the removal threshold and
increase in the detachment threshold.

possibly an

The increase in the detachment threshold is

ambiguous, however, due to the large range of uncertainty regarding this threshold in the
case of the 5 0 m m blanks.

The other two scar types show a slight increase in viable

platform size for the thinner blanks, but these increases are not as pronounced.

Again,

these results indicate that thinner blanks carry a slight advantage in terms of the removal of
abruptly terminated scars, but that this advantage is associated with the length of the
abruptly terminated scars.

There is only a very slight advantage, if any, in the case of

relatively short abruptly terminated scars.
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The highest EPA blanks (90°), showed no clear difference in viable platform size relative
to blank thickness. Only two scar types were employed, and none of the series carried out
detected the existence of a removal threshold at all. All of the flakes struck successfully
removed the abruptly terminated scars from the blanks regardless of blank thickness or
scar type (Figure 4.49). There were small changes in the detachment threshold associated
with blank thickness, but these changes were very small and the range of uncertainty in
both cases leaves open the possibility that the location of the threshold is the same
regardless of blank thickness.

For blanks with 90° EPA, therefore, reducing blank

thickness does not appear to carry any advantage in terms of the ease of removing abruptly
terminated scars.
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Figure 4.49. Blanks with EPA of 90 degrees, showing viable platform size in relation to blank
thickness. The changes detachment threshold are shown as dotted lines. N o removal threshold
exists for any of these series.

The experiments carried out in this section show that even a large variation in blank
thickness does not universally produce a difference in the size of the viable platform.
Variations in viable platform size which were noted only occurred for the longest abruptly

terminated scars.

Further, the increase in viable platform size was not very great,

particularly considering that this increase was associated with a halving of the thickness of
the blank.

In short, even an extreme change in blank thickness produced only a minor

increase in viable platform size, and this increase was dependent upon the size of the
abruptly terminated scar.

Although thin blanks have been demonstrated to carry an

advantage in terms of reducing the likelihood of abrupt terminations happening during the
reduction process, this section indicates that they do not carry an appreciable advantage in
terms of the difficulty involved in removing abruptly terminated scars.

If abrupt

terminations occur during the reduction process, therefore, the problems which they bring
about for further reduction seem to be largely independent of the thickness of the blank
being reduced.

Conclusion

This chapter has explored the behaviour of flake-producing fractures, and how fractures
varied with changing blank morphology. Each different blank morphology was replicated
so that fractures could be initiated over a wide variety of platform thicknesses.

Each

experimental series explored the ways in which fracture behaviour varied according to the
platform thickness from which the fracture was initiated.

These patterns of fracture

behaviour have been used throughout the chapter to draw conclusions about the relative
difficulty of successfully striking flakes from different blank morphologies.

In more

general terms, the experimental series can be used to generate an understanding of different
strategies which knappers might employ, both in terms of blank selection and knapping
behaviour, to facilitate the continued reduction of flake blanks.

Abrupt terminations were found to pose a problem for the production of flakes, in that the
occurrence of an abruptly-terminated flake scar led to subsequent flakes being more likely
to terminate abruptly themselves. The experiments showed that abruptly terminated flake
scars can only be removed by initiating a fracture at a sufficiently high platform thickness.
Consequently, an abruptly terminated flake scar creates a restricted range of platform
thicknesses within which a blow must be placed to ensure the optimum fracture behaviour.
The reduced size of the viable platform

which results from an abruptly terminated scar

being present requires a greater degree of precision on the part of the
consequently increasing the reductive

difficulty

of the blank.

knapper,

This increase in reductive

difficulty caused by abrupt terminations means that knappers will find it advantageous to
employ strategies of reduction behaviour which either reduce the likelihood of abrupt
terminations occurring, or reduce the problems which result from their occurrence.

Striking flakes from blanks which have low exterior platform angles ( E P A ' s ) was found to
have an advantage in terms of overcoming the problem posed by abrupt terminations.
Blanks with low EPA have large viable platforms compared with blanks of higher EPA.
When abruptly terminated scars are introduced, they result in a greater overall reduction in
viable platform size when EPA is low, however the resulting viable platform size is larger
for low EPA blanks than high EPA blanks. This pattern is consistent regardless of the size
of the abruptly terminated scar. Although the occurrence of an abruptly terminated flake

scar causes a larger reduction in viable platform size for low EPA blanks, the size of the
resulting viable platform is larger in absolute terms.

Consequently, less precision is

required to successfully remove the abruptly terminated scar from the blank if the EPA of
the blank is low. Accordingly, there would be an advantage for the knapper in employing
a strategy whereby only blanks with low EPA are retouched. Such a strategy would help
to overcome the problems posed by the occurrence of abrupt terminations.

In practical

terms, this would involve retouching a blank in such a way that the EPA of the blank was
kept low throughout the reduction process.

A strategy of maintaining a low EPA throughout the reduction process appears, on the
basis of the experiments carried out, to be problematic in itself. When flakes were struck
from blanks with low EPA (30° or 45°), the subsequent EPA was always higher.

The

increase in EPA was quite dramatic in both cases, with a mean subsequent EPA of 62° and
56° respectively. These results indicate that the removal of flakes from a low angled edge
will leave a higher angled edge on the blank. As a consequence, simple unifacial reduction
of a flake blank will be unable to maintain a low EPA. Relying on a blank having a low
EPA throughout the reduction process does not seem to be a tenable strategy that knappers
could use to reduce the negative impact of abrupt terminations occurring.

The experimental program does demonstrate one strategy which knappers can employ to
reduce the likelihood of abrupt terminations occurring.

The frequency of abrupt

terminations was found to be dramatically lower when the flake-producing fracture
terminated on a distal surface, rather than on the free surface adjacent to the platform.
Furthermore, terminations on the distal free surface occurred only when fractures were
initiated within a "window" of platform thicknesses, and the size of this window increased
as the thickness of the blank decreased. Thin blanks, therefore, require much less precision
on the part of the knapper in order to produce flakes which terminate on the distal free
surface, and consequently have less chance of terminating abruptly.

Preferentially

selecting thin flakes as blanks for unifacial retouch is therefore a strategy which can be
employed by knappers to reduce the frequency of problematic abrupt terminations
occurring, and consequently facilitating the continued reduction of these blanks.

Because the thickness of a blank is so strongly tied to the reductive difficulty of a blank, it
has great potential to be used by archaeologists to identify the adoption of extension

strategies in the archaeological record. Changes in the thickness of unifacially retouched
artefacts could be an indication of a changing emphasis being placed on facilitating the
reduction process by lessening the likelihood of abrupt terminations occurring.

The

following chapters, which examine temporal change in the assemblages of unifacially
retouched artefacts at Tabun Cave and Mugharet el-Wad, will use this principle to discuss
the extent to which extension strategies were being employed during different time periods
in the archaeological sequences.

5

Tabun Cave, Mugharet el-Wad, and their relevance to
questions of Palaeolithic archaeology

The following chapters will investigate changes through time in the stone artefact
assemblages of two Levantine sites, Tabun Cave and Mugharet el-Wad'.

The stone

artefact collections used for this study were excavated from both sites under the direction
of Dorothy Garrod, during an expedition of the British School of Archaeology in Jerusalem
and the American School of Prehistoric Research, which took place from 1929 to 1934
(Davies 1999; Garrod 1929; Garrod 1931; Garrod 1932a; Garrod 1934; Garrod and Bate
1937: 4; Robinson and Blegen 1934). Garrod grouped the material removed from both
sites according to a number of stratified layers which she and her colleagues identified as
they excavated the sites. Apart from the layer in which they were found, the artefacts from
Garrod's excavations have no data recording where they were located in the two sites. In
analysing the nature of changes through time in the stone artefacts from the two sites,
therefore, the layers identified by Garrod are the only units of analysis between which
comparisons can be made.

In this chapter, the positioning of the layers within the two cave sites will be detailed, and
the grounds on which Garrod and her team identified the layers - and differentiated
between them - will be reviewed. The chapter will then review the differences in stone
artefact assemblages which Garrod observed across the layers, as well as subsequent
analyses of these assemblages by other authors. The assemblages of stone artefacts within
each layer have been associated with similar assemblages at other sites in the Middle East,
and a great deal of work has focused on characterising and interpreting changes through
time identified by comparisons between assemblages. Mugharet el-Wad and Tabun Cave
contain a sequence comprised of several different industries, or groupings of stone

' "Tabun C a v e " is a partial translation of "Mugharet et-Tabun".

Some authors refer to the site using the

entirely Arabic version of its name, while s o m e authors refer to Mugharet el-Wad as "el-Wad Cave". Despite
m y inconsistency in using the Arabic version of one site's n a m e and a partially English version for the other
site, this has b e c o m e the most usual practice in the archaeological literature. For the remainder of the thesis,
I will also use shorter versions of each site's name: "Tabun" and "el-Wad".

implements, which are commonly associated at other sites. An emphasis on characterising
the nature of these different industries, establishing their chronological relationship with
one another, and discussing their differences and similarities, has generated a large amount
of literature since the two sites were excavated. As the following chapter of this thesis will
be concerned with identifying and interpreting changes in the stone artefact assemblages
through time within the two sites, a review of other researchers' opinions and findings on
technological change through time at key sites in the Levant will be undertaken.

A review of work done on establishing the chronology of the two sites, and other key sites
in the region, will follow. Establishing the age and chronological association of particular
sites in the Levant has received a great deal of attention throughout the history of
archaeology in the region, particularly in relation to archaeological layers bearing hominid
remains. The focus on hominid-bearing sites and contexts has resulted in quite an uneven
intensity of chronological studies: Tabun has received much more attention than Mugharet
el-Wad, largely due to the hominid remains found in its Mousterian layers. The review
conducted in this chapter will consider techniques of absolute dating (or physical dating),
as well as techniques of relative dating that have been used to associate Tabun and el-Wad
with other sites in the region. The aim of this discussion will be to assess how reliably the
different layers at Tabun and el-Wad can be chronologically associated with other sites in
the region.

Following the review of chronological associations between different sites, the chapter will
turn to the question of whether the layers at Tabun and el-Wad can be associated with the
occupation of the Levant by different hominid species.

This will involve a review of

hominid remains found in sites throughout the Levant, and whether current data allow us to
confidently idenfify periods during which particular hominid species occupied the Levant.
This section will also consider hypotheses advanced by other researchers concerning the
differences in behaviour exhibited by different hominid species in the Levant. The aim of
the discussion will be to assess whether different layers at Tabun and el-Wad can be
associated with particular hominid species, and consequently whether any layers are
associated with changes in the hominid species occupying the region.

The overall aim of the chapter is to contextualise the layers which Garrod excavated from
Tabun Cave and Mugharet el-Wad. Achieving this aim will help in the interpretation of

differences in the stone artefact assemblages recovered from these layers, which is the
subject of the next chapter. The general question which this chapter attempts to answer is:
are the layers which Garrod identified associated with processes of archaeological or
biological change identified by other researchers? Can the site layers be associated with
changes identified across wider areas of the Middle East, in terms of changes in stone
artefact technology or changes in hominid species? This review will enable the results in
the next chapter to be compared with those obtained by other researchers, to assess
whether any changes in the stone artefact assemblages identified in this study are of
relevance to wider questions of prehistoric change identified by other studies.

Stratigraphy of Mugharet el-Wad

Both Tabun Cave and Mugharet el-Wad are located in the Wady el-Mughara (Valley of the
Caves), Mount Carmel.

The Wady el-Mughara runs through the western side of Mt

Camiel, and drains into the Mediterranean.

The west side of Mt Carmel is a steep

limestone cliff, while the Wady el-Mughara is in turn a steep-sided, incised valley. At the
coastal end of the valley, immediately before it opens out onto the coastal plain, a series of
caves have formed in the cliff of crystalline limestone on its southern side (Garrod and
Bate 1937: 3).

Tabun and el-Wad are two of these caves, while another notable

archaeological site, Skhul Cave, is a third. Dorothy Garrod's excavations of these caves
resulted from a previous investigation of the caves carried out in 1928 by C. Lambert of
the Department of Antiquities, which had uncovered bronze-age material from el-Wad
(MacCurdy 1934). This initial exploration was to assess whether the caves were worth
saving from quarrying operations which threatened them (Caton-Thompson 1971; Garrod
1930). Lambert excavated five areas of Mugharet el-Wad, and it was on the basis of his
findings that interest was developed to excavate the caves more extensively (Ronen 1982).

Garrod and her team began excavating Mugharet el-Wad in 1929 (Garrod 1929), and
excavation progressed rapidly enough for Garrod's team to have gained an overall
impression of the stratigraphy and cultural sequence of the site by the following year
(Fleming 1930). El-Wad is a long cave, stretching approximately 60 metres inward from
its mouth. Garrod's plan of the cave divides it into six chambers, which are separated by
constrictions in the cave walls (Figure 5.1). Outside the cave mouth is a talus slope, which
Garrod referred to as the "terrace" due to the fact that a number of stone walls had been
constructed, presumably to terrace the slope in front of the cave. The cave was extensively
excavated in chambers one, two and three, as well as on the terrace. Chambers one and
two were dug to bedrock, leaving no intact deposits (Beck and Weinstein-Evron 1997;
Weinstein-Evron et al. 2003). Smaller areas were excavated in chambers four and five.

Nine layers were identified and mapped as being stratigraphically distinct on Garrod's
section diagrams (Figure 5.2, Figure 5.3).

Although it was a common practice in

archaeology at the time to delineate layers on the basis of the artefacts they contained,
rather than on changes in stratigraphy (Jelinek 1981b), this does not seem to have been the

process which Garrod used to define the layers at el-Wad. Instead, the description of the
layers that Garrod provides indicates that the sediments of each layer were different from
the sediments of the layers overlying and underlying it. The only definite exceptions to
this are the subdivisions of layers B (into B1 and 82) and D (into D1 and D2): these sublayers have been defined on the basis of typological change in their stone artefact
assemblages.

Another possible exception is the division between layer A and layer B

(discussed below).

For the most part, therefore, the designation of layers at el-Wad

appears to reflect stratigraphic change in the site's deposits. The following discussion of
each layer demonstrates the stratigraphic differentiation of the layers in more detail.
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The uppermost layer (A), which Garrod denoted as "Bronze Age to recent", was present
across the whole of the cave floor and the terrace. It is described as being made up of dry
brown earth on the terrace, while inside the cave it varies from being made up of angular

limestone blocks to being black or grey earth at its base (Garrod and Bate 1937).

It

overlies layers B on the terrace, and inside the cave it overlies layer B and F in chamber
one, and layer C in chambers two and three. The boundary between layer A and layer B
inside the cave seems unclear, as layer B is described as being mostly black earth, and
Garrod does not state that this black earth was different from the black earth of layer A.
Layer A was very different from layer F (made up of packed flints), so a stratigraphic basis
for this boundary seems clear. The stratigraphic distinction between layer A and layer C
also seems clear, on the basis that layer C is described as being red earth.

In addition,

where layer A overlies layer C, Garrod states that layer A contained "a number of flints
from the Upper Aurignacian Layer C" (Garrod and Bate 1937: 8), implying that the
boundary between these two layers was drawn not when the artefacts changed, but when
the sediments did.

Layer B, which contained Natufian artefacts (Garrod 1932b; Garrod and Bate 1937), was
separated into two sub-layers (B1 and B2) because Garrod felt that the stone artefacts
contained in the layer fell into two sub-populations which were sufficiently different, on
typological grounds, to justify dividing the layer. Garrod states that this division does not
correspond to any stratigraphic change (Garrod and Bate 1937: 9). On the terrace, there
are no layers underlying layer B. Inside the cave, there are two separate layer B deposits.
The first of these was in chamber one, and was made up of soft black earth with areas of
reddish clay (Garrod and Bate 1937: 13), and overlies layer F. The second, in chamber
two, is a small deposit sitting on top of what Garrod called the " c l i f f , where several layers
at the entrance to chamber two appear to have been truncated at their north-west side (see
Figure 2). This patch of layer B overlies layer D, and is described as black earth (Garrod
and Bate 1937: 14). In both cases, it seems that layer B was stratigraphically different
from its underlying deposits: layer F consists of densely packed flints, while layer D is
described as being noticeably lighter in colour than layer B (Garrod and Bate 1937: 20).

Layer C is only found in chambers two and three, and not in chamber one. In chamber two
it is made of dry, compact reddish earth or black hardened earth, while in chamber three it
is uniformly made of black earth.

It overlies layer D, and Garrod states that there is a

noticeable line of demarcation between the sediments of the two layers (Garrod and Bate
1937: 20).

Layer D is also only found in chambers two and three, and not in chamber one. Like layer
B, it is divided into two sub-layers, D1 and D2. The division of the layer was done on the
basis of the more "careful workmanship" evidenced in the stone artefacts at the base of
layer D, and not because of any stratigraphic change (Garrod and Bate 1937: 20).
Furthermore, Garrod states that even the difference in the stone artefact assemblages was
not identifiable across the whole of layer D (Garrod and Bate 1937: 21). The sediments of
layer D graded from reddish to black earth. Layer D overlies layer E, and Garrod states
that the sediments of the two layers were distinguishable because of changes in the
compactness and moisture (Garrod and Bate 1937: 22).

Layer E is present in two areas of chamber one, as well as in chambers two and three. In
chamber one, the first of the layer E deposits is just inside the stone wall at the entrance to
the chamber, and the second is in the south-west alcove (see Figure 1). The sediment in
the first of these patches is reddish-brown breccia (Garrod and Bate 1937: 21), which
would have been distinguishable from the underlying layer F (which is composed of
densely packed flints). The second patch is described as dark, brecciated hearth material,
which would likewise have been distinguishable from the underlying layer F. In chamber
two, the layer E deposit is uniformly dark black in colour (Garrod and Bate 1937: 22).
Here also it overlies layer F, and once again the two layers would have been clearly
differentiated stratigraphically, as layer F is described as being composed of densely
packed flints in an intensely hard yellowish deposit in chamber two (Garrod and Bate
1937:23).

Layer F was present as a thin layer across all of chamber one and most of chamber two. In
chamber one the layer is composed of densely packed stone artefacts and bone fragments
with no sediment matrix whatsoever.

The deposit is similar in chamber two, but the

artefacts and bone fragments are not as closely packed together, and are interspersed with
an intensely hard yellowish deposit (Garrod and Bate 1937: 23). Layer F rests directly on
the rock floor of the cave in some areas, and overlies layer G in the middle of chamber one.
The sediments of layer G would have been distinguishable from layer F, given that layer
G's sediments are described as being very gritty and varying in colour from light grey to
greenish-yellow (Garrod and Bate 1937: 24).

Unfortunately, Garrod never describes the

precise nature of the sediments in layer G where it comes into contact with layer F. Layer
G is very thick, and having only a general description of its sediments does not inform us

of the exact nature of the boundary between the two layers.

Given that layer F is

composed purely of bone and stone fragments with no sediment matrix, it seems most
likely that this would have clearly contrasted with layer G, as the latter is described in
terms of its sediments. I f the upper surface of layer G had been composed purely of stone
and bone fragments, as layer F was, Garrod would certainly have commented on this fact,
as it would have been very different from the rest of layer G.

Layer G is the basal layer in the deposit, and rests on the rock floor of the cave. It extends
down into a deep pit in chamber one, at the base of which are two swallow-holes and a
partially empty subterranean chamber.

The sediments of layer G are described as being

heterogenous, varying in colour and compactness.

There was evidence that portions of

layer G have subsided into the swallow holes and the subterranean chamber at its base
(Garrod and Bate 1937: 24). An area of intruded material from layer A was identified in
layer G: this disturbed area extended down through layer G to the mouth of the
subterranean chamber at the base of the pit in chamber one. This area of disturbed deposit
is marked X in the section diagrams (Figure 5.2, Figure 5.3).

Stratigraphy of Tabun Cave

Tabun cave is seventy metres south-west of Mugharet el-Wad, closer to the mouth of the
Wady el-Mughara. Excavations at Tabun commenced in 1929 (Garrod and Bate 1937),
though the bulk of the excavation was carried out between 1931 and 1934 (Garrod 1932a;
Garrod 1934).

The layout of Tabun is simpler than that of el-Wad, consisting of two

distinct chambers which Garrod refers to as the outer and inner chambers. Archaeological
deposits were excavated from both these chambers and from the talus slope fanning out
from the cave's mouth (Figure 5.4). The outer chamber of the cave is enclosed by a cave
roof, while the inner chamber forms a chimney that is open to the sky (Figure 5.5, Figure
5.6). Prior to excavation, the inner chamber had been filled with sediments to the point
that it could only be accessed from the outer chamber through two open shafts (Garrod and
Bate 1937: 57).

Garrod identified eleven layers at Tabun, which are mapped on her section diagrams as
being vertically distinct entities (Figure 5.5, Figure 5.6). Unlike the situation at Mugharet
el-Wad, however, the definition of these layers was quite often based on changes in the
stone artefacts encountered at different depths of the deposit. Stratigraphic change is used
to define the boundaries between some of the layers, however. The following discussion
of the data given by Garrod in her reports of the site clarifies the criteria used to define
each of the different layers.
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As at Mugharet el-Wad, the uppermost layer in the deposit (A) contained material
described as "Bronze Age to Modem" (Garrod and Bate 1937: 59). This layer was only
present in the outer chamber and on the talus slope. The sediment of this layer was soft
reddish earth inside the cave, and was stony and a darker red on the talus slope. Inside the
cave this layer overlies layer B, and as it stretches out onto the talus slope it forms a mantle
overlying layers C, D, Ea and Eb. It is not clear whether the boundary between this layer
and layer B would have been distinctive inside the cave, given that layer B is also
described as red earth. On the talus slope, however, layer B is mainly a white clay (Garrod
and Bate 1937: 62), so the contrast with layer A would have been marked. The next layer,
C, occurs as a red earth on the outer edge of the talus where it contacts layer A, so there
might not have been any stratigraphic change between the two layers. The edge of layer D

on the talus slope is mainly a brown or whitish sediment, so the boundary between this
layer and A would have been a noticeable stratigraphic change. Ea and Eb are described as
being stratigraphically indistinguishable from D (Garrod and Bate 1937: 66), and so these
layers would also presumably have contrasted with layer A.

In summary, therefore, the

boundary between layer A and its underlying layers might have been based on stratigraphic
change on some areas of the talus, but it is unclear whether layer A

differed

stratigraphically from layer B, which was the major layer underlying it.

The chimney layers (Chimney I and Chimney II) are present only in the inner chamber ,
and overly layer B.

Garrod states that the division between these layers was purely

arbitrary and for the convenience of the excavation process, not based on stratigraphic
change or change in the artefact assemblages (Garrod and Bate 1937: 60). The division
between Chimney II and layer B was also arbitrary, reflecting neither stratigraphic nor
artefactual change (Garrod and Bate 1937: 62).

The sediments in these layers are

described as red earth with occasional areas of brecciated deposit.

Layer B is present in both chambers of the cave, and stretches onto the talus slope. In both
areas it overlies layer C.

Inside the cave the sediments are red earth (packed with

limestone blocks in the inner chamber, but much less stony in the outer chamber). On the
talus slope it remains red earth near the cliff face at both sides, but becomes a whitish clay
in the middle of the talus. The white clay deposit grades into a green rock-like deposit at
the base of layer B (Garrod and Bate 1937: 62). Garrod states that "the contrast in colour
between B and C was very marked, and the change from one to the other, in consequence,
clearly defined (Garrod and Bate 1937: 63). Layer C is a much darker sediment, grading
from dark red to black. The boundary between layer B and layer C was clearly defined on
the basis of stratigraphic change.

Layer C was present in the outer chamber and the talus, but was not excavated in the inner
chamber owing to the necessity to step the walls of the excavated area. Layer C overlies
layer D.

Garrod's descriptions strongly indicate that there was a distinct stratigraphic

change between layer C and layer D: the former is a dark red or black sediment, while
layer D is dark greenish sediment inside the cave, with one area of hard red breccia, while
on the talus it is brown or whitish and again has areas of hard red breccia (Garrod and Bate
1937:65).

Following a re-excavation of Tabun by Jelinek and colleagues (Jelinek et al. 1973), the
cave's sediments were analysed more thoroughly.

On the basis of this analysis, it was

concluded that the difference in the nature of the sediments in layer D and layer C was due
to the formation of Tabun's chimney. When the chimney formed, and the inner chamber of
the cave was consequently open to the ground surface above the cave, red soils were able
to wash in to the cave from above. These red soils are present in layer C, but almost absent
in the underlying layers (Albert et al. 1999; Farrand 1979; Jelinek et al. 1973). On this
basis, it was concluded that the boundary between layer D and layer C was the result of the
creation of the chimney and the accumulation of sediments which entered through the
chimney.

Layer D was excavated in the outer chamber and the talus slope. It is a thick layer which
Garrod describes as variable in its sediment composition. Inside the cave the top of layer
D, where it contacts layer C, is mostly a dark green sediment with areas of red breccia.
The sediment changes gradually with increasing depth, and toward its base it is dark brown
earth in the middle of the deposit and a rough red deposit against the cave walls (Garrod
and Bate 1937: 56).

On the talus the sediments are brown or whitish, with red breccia

against the rock walls of the cliff.

Layer D overlies layer Ea, and Garrod states that "the upper part of layer E differed very
little in appearance from D, and the only sign of the passage from one to the other was a
sudden change in the character of the industry and a greatly increased number of flints."
(Garrod and Bate 1937: 66).

It seems clear from this that no stratigraphic change is

associated with this boundary, which was instead defined on the basis of a change in the
stone artefact assemblage.

Layer E was mostly excavated on the talus, with only a small area of the excavation
occurring inside the outer chamber of the cave. The subdivisions of this layer into Ea, Eb,
Ec and Ed were performed on typological grounds, and are not associated with any
stratigraphic changes in the layer (Garrod and Bate 1937: 67).

The sediments within E

vary with depth and across the deposit: in the upper portions, against the rock walls the
layer is composed of red breccia, while away from these walls it is pale brown earth. At
lower depths, the breccia against the walls becomes tough red earth, while the remainder of

the deposit varies horizontally between dark brown and crumbly yellow sediment.
Garrod's description implies that these changes are gradual, and she does not note any
sudden discontinuities in the layer's sediments (Garrod and Bate 1937: 66).

Layer E

overlies layer F, and the boundary between these layers is marked by a distinct
stratigraphic change: "the upper part of layer F was everywhere whitish or yellow in
colour, in contrast with the base of E, which was brown all over the middle and western
part of the trench" (Garrod and Bate 1937: 68).

Layer F was excavated on the talus, as well as a small area inside the outer chamber of the
cave. The sediments in layer F are described as changing with the depth of the layer. The
white and yellow sediments described above change to a dark brown sediment at the base
of the layer. Layer F overlies layer G, which is made up of bright yellow sediment (Garrod
and Bate 1937: 69), indicating that the boundary between these two layers was defined by
a change in sediment colour. Layer G is the basal deposit, and rests for the most part on a
rock floor.

To summarise the data provided by Garrod on the stratigraphy of Tabun Cave, it is clear
that the majority of the layers defined and drawn in the site's section diagrams have been
delineated by change in the artefact assemblages they contained rather than by changes in
the deposit's sediments. A number of the boundaries between layers are associated with
stratigraphic change, however. These are the boundary between B and C; between C and
D; between E and F; and between F and G.

The extent to which layer A differs

stratigraphically from the layers which it overlies is unclear: it seems likely that for much
of its area the base of layer A was defined on the basis of the artefacts encountered during
excavation.

Stone artefact assemblages, and depictions of industrial change at Mount
Carmel

Partly because Tabun Cave and Mugharet el-Wad were excavated early in the history of
Middle Eastern archaeology, and partly because of the sheer volume and depth of their
archaeological deposits, the two sites played an important role in reconstructing sequences

of industrial change in the Levant and the wider Middle East. Garrod's work on the Mount
Carmel assemblages forms the earliest comprehensive depiction of variability and temporal
change in stone artefacts across the Middle and Upper Palaeolithic in the region.

In

keeping with methods which had been employed to summarise patterns of stone artefact
variability in Europe, Garrod divided the sites' stone artefacts on typological grounds, and
assigned each of the layers to a particular industry.

The industry categories used were

based on those used in Europe, though Garrod was prepared to adapt and change the
criteria with which the industries were defined, and in some cases to define new industries
to encompass layers whose assemblages she felt did not fit within established European
industries.

Tabun's layers were assigned to three general industries: the lowest layer (G) was classified
as Tayacian. the overlying E layers as Acheulean. and the upper five layers as LevalloisoMousterian. Mugharet el-Wad's layers were assigned to the Levalloiso-Mousterian (G and
F 2), Aurignacian (Fl, E, D 2 and D 1), Atlitian (C) and Natufian (B 2 and B 1). The
Natufian. Aurignacian and Levalloiso-Mousterian industries were further sub-divided, with
layers assigned to the "upper" and "lower" components of each industry (Tables 5.1 and
5.2).

Reviewing the criteria by which Garrod classified these different industry types

illustrates the points in the stratigraphic sequence which she considered to demarcate major
changes in stone artefact assemblages.

Currently, both Tabun Cave and Mugharet el-Wad are near to abundant resources of high
quality flint (Bar-Yosef et al. 1992; Delage 2007a: 3; Delage 2007b: 46; Shea et al. 2002).
Flint sources near to the caves include large nodules up to 50 cm in diameter (Fish 1981:
377). Garrod stated that all artefacts excavated from the two sites are made from flint of
local origin, which occurs abundantly in veins within Mount Carmel's limestone strata, and
is present as nodules in wadis and stream-beds (Garrod and Bate 1937: 54).

Table 5.1. Excavated units at Mugharet el-Wad, and the industrial designation o f stone artefact
assemblages found.
Excavated unit

Industrial designation

Revised industrial designation

(Garrod and Bate 1937)

(Garrod 1951)

Bl

Upper Natufian

Upper Natufian

B2

Lower Natufian

Lower Natufian

C

Atlitian

Atlitian

M i d d l e Aurignacian

Aurignacian

D1
D2
E
F1

Lower Aurignacian

F2

Upper Levalloiso-Mousterian

G

Emiran

Table 5.2. Excavated units at Tabun Cave, and the industrial designation o f the stone artefact
assemblages found.
Excavated unit

Technological assignation (Garrod and Bate 1937)

Chimney I
C h i m n e y II

Upper Levalloiso-Mousterian

B
C
D

Lower Levalloiso-Mousterian

Ea
Eb
Ec

Upper Acheulean ( M i c o q u i a n )

Ed
F

Upper Acheulean

G

Tayacian

The lowest layer at Tabun, G, was classified as Tayacian. This industry type had been first
described by Peyrony, with the advice of Breuil, at the French site of La Micoque (Dibble
et al. 2006: 3; Garrod and Bate 1937: 89; Peyrony 1938). Only 464 retouched artefacts
were found in Tabun's layer G, and Garrod describes the industry as "poor, both in quality
and quantity" (Garrod and Bate 1937: 89).

The decision not to classify this layer as

Acheulean like the overlying F and E layers was almost certainly based on the lack of
handaxes and the small number of bifacial choppers (twelve). Instead, the assemblage is
dominated by "utilized flakes and fragments", which are flakes or chunks of flint with
negative flake scars interpreted as resulting from use rather than intentional retouch
(Garrod and Bate 1937: 89-90). This interpretation is presumably based on the small size
or irregular spacing of the negative flake scars on these pieces (my observations of
specimens in the C U M A A collection supported this), however Garrod does not state this
explicitly.

Garrod's classification of this assemblage as Tayacian was presumably the

result of the fact that the Tayacian assemblage at La Micoque represented a previous

discovery of a handaxe-free assemblage underlying an Acheulean one (Garrod 1937: 34),
and this similarity was justification for applying the same name to the assemblage at Tabun
(Burkitt 1938).

The Tayacian assemblage of layer G is overlain by layer F, whose assemblage, along with
those of layer E, was classified as belonging to the Acheulean industry (though the
assemblages from layer E have the additional modifier "Micoquian").

The Acheulean

assemblages are characterised by the presence of bifacial types such as handaxes, choppers
and disks, which create a contrast with the Tayacian assemblage from layer G.

The

differentiation of the Tayacian and Acheulean assemblages is therefore centred on the
presence of bifacial artefacts in the latter.

Garrod does not note any change in the

morphology of unifacially retouched scrapers between these industries. The difference in
industry classification between the assemblage of layer F, designated "Acheulean", and the
assemblages from layer E, designated "Acheulean (Micoquian), is made on the basis of a
change in the relative frequency of handaxes and scrapers. Handaxes are relatively more
abundant in layer F, where they make up "approximately one third of the total number of
implements (excluding flakes and cores)" (Garrod and Bate 1937: 87), while scrapers
occur in relatively smaller numbers than in the assemblages from layer E (Garrod and Bate
1937: 87).

The retouched flakes from F and E are described as being predominantly

produced on thick flakes which belong to the "Clactonian tradition" (Garrod 1937: 34;
Garrod and Bate 1937: 78). Garrod gives no indication that the morphology of unifacially
retouched scrapers differs between layer F and layer E, or between the different sub-layers
of layer E. She also does not state whether the flakes from layers F and E differ from those
in layer G.

The layers above layer E at Tabun are all designated as Levalloiso-Mousterian, either
lower Levalloiso-Mousterian (layers C and D), or upper Levalloiso-Mousterian (layer B,
Chimney I and Chimney II). In preliminary reports written between field seasons, Garrod
had referred to these layers as containing Mousterian assemblages (Garrod 1932a; Garrod
1934), while stressing that they belonged to a "Levallois tradition".

Designating these

assemblages as Levalloiso-Mousterian, rather than simply Mousterian, in her monograph
of the site (Garrod and Bate 1937) was done to emphasise the abundance of Levallois
flakes and cores in these layers, and to distinguish this industry from the "true Mousterian"
industry as it was perceived in Europe at the time, in which Levallois technology was rare

or absent (Garrod 1937: 35). Garrod makes it clear that the characteristic Levallois flakes
found in these layers are absent in the underlying E layers (Garrod and Bate 1937: 78).
Unretouched Levallois flakes were abundant, although frustratingly Garrod does not
include a total count of Levallois flakes and non-Levallois flakes found, so quantifying the
proportion of Levallois flakes is impossible for any of the layers (Garrod and Bate 1937:
73, 74, 76, 78). A proportion of the retouched artefacts from these layers were made on
characteristic Levallois flakes, which Garrod makes clear from frequent remarks in her
description of the different retouched implement types (Garrod and Bate 1937: 71 - 78).
Unfortunately Garrod does not state the overall proportion of the retouched artefacts which
were produced on identifiable Levallois flakes. Nonetheless, the fact that the LevalloisoMousterian industry is defined primarily on the appearance and abundance of Levallois
technology signals that these assemblages are likely to show differences in flake blank
morphology when compared with the assemblages from layer E, F and G.

The Levalloiso-Mousterian industry was identified in the lowest two layers at Mugharet elWad, F and G. The assemblages from both these layers were described as being generally
similar to those from Tabun B and Tabun's chimney deposits (Garrod and Bate 1937: 52 54).

The assemblage from layer F was divided into two components by Garrod, who

thought that it represented a mixture of two separate assemblages, which belonged to
different

industries

and

which

had

originally

been deposited

at different

times.

Consequently, the assemblage F 1 is described as Lower Aurignacian, and the assemblage
F 2 is described as Upper Levalloiso-Mousterian.

The likely reasons for separating the

assemblage in this way, and the subsequent re-evaluation of the status of layers F and G,
will be discussed later in this section. For now, it is only important to note that Garrod did
not depict the Upper Levalloiso-Mousterian assemblages at el-Wad as being any different
from the Upper Levalloiso-Mousterian assemblages at Tabun.

The distinction between the assemblages designated as Upper Levalloiso-Mousterian and
those designated as Lower Levalloiso-Mousterian corresponds to a change in the stone
artefact assemblages.

Garrod states that the Lower Levalloiso-Mousterian assemblages

contrast to the Upper Levalloiso-Mousterian assemblages in the following way: "In general
the implements are larger and the Levalloisian character of the industry more clearly
marked. Flints are much more abundant than in the overlying layers, but the proportion of
worked specimens to flakes is very much lower.

It seems clear that at this period the

production of large, well proportioned Levallois flakes was an end in itself (Garrod and
Bate 1937: 74). Garrod also drew attention to the fact that there was a notable difference
between the two Lower Levalloiso-Mousterian layers as well.

In the lower of the two

layers, D, triangular Levallois flakes were more common than broad Levallois flakes,
while in layer C the opposite is true (Garrod and Bate 1937: 76). Despite this difference,
in her industrial designation of industry types Garrod clearly regarded the major difference
within the Levalloiso-Mousterian assemblages as falling on the boundary between layer C
and layer D.

Overlying layers F and G at Mugharet el-Wad, the assemblages from layers D and E were
designated as Middle Aurignacian.

The assemblage of F L a sub-population of the

assemblage from layer F, was also designated as Aurignacian, though this assemblage was
subcategorised as Lower, rather than Middle, Aurignacian.

The designation of these

assemblages as Aurignacian appears to have been based on the presence of distinctively
Upper Palaeolithic implement types. Burins, particularly beaked and prismatic burins, and
leaf-shaped point types such as Font-Yves points, Emireh points and Chatelperron points,
are cited as defining these assemblages as characteristically Aurignacian (Garrod 1953: 19;
Garrod and Bate 1937: 44, 48, 50). A high proportion of blades, and blade cores, is also
cited as a characteristic which defines the assemblages as Aurignacian (Garrod 1937: 36;
Garrod 1953: 19).

The scraper portion of the assemblages also includes a number of

Aurignacian indicator types, these being end scrapers and nose scrapers (Garrod 1953: 19;
Garrod and Bate 1937: 44, 48).

The steep scrapers in these assemblages are also

mentioned as being notably similar to those found in European Aurignacian assemblages
(Garrod 1953: 19; Garrod and Bate 1937: 42).

The frequent use of thick flakes for the

production of scrapers is cited as contributing to the Aurignacian appearance of the el-Wad
assemblages, with some scrapers having a distinctly keeled, or carinated, form (Garrod
1953: 19).

On the other hand, retouched blades occur in each layer, and some of the

artefacts classified to specific scraper types are noted as having been made on blades or
thin flakes (Garrod and Bate 1937: 42, 45, 47, 48, 51). The distinction between the Middle
Aurignacian assemblages (from layers D l , D2 and E), and the Lower Aurignacian
assemblage (from layer F l ) is based on the occurrence of the Emireh point in the layer F1
assemblage, as well as this assemblage's greater frequency of end-scrapers, which are the
most frequent scraper type (Garrod and Bate 1937: 50).

In the Upper Aurignacian

assemblages, by contrast, steep scrapers are the most frequent scraper type.

The impression gained from Garrod's description of the retouched artefacts from the
Aurignacian layers is that a wide range of blank morphologies is present.

In addition to

characteristically thick or keeled blanks, unifacial retouch was also carried out on thin
flakes and thin blades. It is unclear whether a range of intermediate blank thicknesses were
utilised as well, or whether the distribution of blank thicknesses is bi-modal in the
Aurignacian layers.

Given the importance of blank thickness in determining reductive

difficulty, as established in chapter 4, the descriptions provided by Garrod are tantalising.
It is clear that the Aurignacian assemblages differ from the preceding

Levalloiso-

Mousterian in terms of the morphology of flakes which are retouched, but the exact nature
of this difference is not made clear in Garrod's descriptions.

The distinction between the Aurignacian assemblages and the 'Atlitian' assemblage from
el-Wad layer C was made because retouch is much more commonly focused on the distal
end of flakes in the Atlitian than in the Aurignacian (Garrod 1953; Garrod and Bate 1937:
42). Retouch around the margins of a flake is rare (Garrod and Bate 1937: 42), and is more
commonly restricted to one end of the artefact (Garrod 1953:20; Garrod and Bate 1937).
Tabular nodules of flint are used more commonly in this layer than in the other
Aurignacian layers, with long and narrow tabular nodules frequently being flaked on one
end in the same way that the distally-retouched flakes were treated (Garrod 1953: 41;
Garrod and Bate 1937: 20). In fact, Garrod included some of these thin, flaked slabs of
flint in her burin categories, because the flaking of the narrow edges of these slabs
resembled the burin flaking of the edge of a flake (Garrod and Bate 1937: 20). Apart from
the more frequent use of tabular flint nodules, and the frequent restriction of retouch to the
ends of flakes, Garrod notes no other differences between the Atlitian and the Aurignacian
assemblages.

There is therefore no indication of whether the morphology of the flake

blanks used in the Atlitian is different from the other Aurignacian assemblages.

Garrod's designation of assemblages into industry types therefore depicts the sequence of
the layers of Tabun and el-Wad as incorporating three major industrial groups, with each
of these major groups being divided into subsidiary groups. The Acheulean industry, with
its sub-categories of'Tayacian', 'Upper Acheulean', and 'Upper Acheulean (Micoquian)', is
followed by the Levalloiso-Mousterian, with its sub-categories of 'Lower LevalloisoMousterian'

and

'Upper

Levalloiso-Mousterian',

which

is

then

followed

by

the

Aurignacian. with its sub-categories of 'Lower Aurignacian', 'Middle Aurignacian' and
'Atlitian'.
criteria.

The boundaries between these industry types were drawn using a variety of
Differences in flaking technology, differences in the morphology of retouched

artefacts, and the presence or absence of specific implement types were criteria that were
specifically cited by Garrod as delineating where changes in stone artefact assemblages
occur.

Not all of these factors are cited as playing a part in each of the industrial

boundaries, and in fact different criteria are used to define individual boundaries.

For

example, the Levalloiso-Mousterian is defined primarily by the appearance of Levallois
technology, while the Aurignacian is defined primarily on the basis of the presence of
specific implement types.

Consequently, the boundary between the Acheulean and the

Levalloiso-Mousterian is associated with the appearance of a technique of core reduction,
and the later boundary between the Levalloiso-Mousterian

and the Aurignacian

is

associated with the appearance of specific patterns of flake retouch. It is likely that some
of the industries were defined on the basis of the presence of a limited number of indicator
types, while other industries required assemblages to possess a much larger suite of artefact
types.

Although this is an inconsistency in Garrod's approach to the grouping of

assemblages into industries, it reflects common practices of artefact taxonomy employed
by contemporary archaeologists in other areas of the world.

Garrod's depiction of industrial change at Mount Carmel has remained largely unaltered by
subsequent archaeological research, and most of the industrial labels she used are still used
by archaeologists to describe assemblages across the Levant. In the following section, the
current applicability of Garrod's industry types will be examined, by reviewing the ways in
which these industrial labels have been applied to assemblages from other sites in the
Middle East. As this review will demonstrate, there have been various modifications to the
industrial groups depicted by Garrod in her original description of industrial change and
succession at the Mount Carmel sites. Despite these modifications, however, the industries
she defined are regarded as valid by the majority of archaeologists working on Levantine
prehistory today.

They continue to be the framework on which most hypotheses dealing

with questions such as the succession of hominid populafions or changes in hominid
behaviour through time are built.

Industrial entities within the Acheulean

Garrod initially grouped all of the assemblages from layer E at Tabun under the industrial
label of 'Acheulean (Micoquian)'.

Garrod's original description of the site did, however,

make note of the fact that the stone artefact assemblages in these layers varied in some
respects across the depth of the deposit. In particular, Garrod noted that the base of layer
Ea contained a high concentration of artefacts which were of "Upper Palaeolithic type"
(Garrod and Bate 1937: 80). These included unretouched blades and Chatelperron points,
as well as retouched artefacts produced on blades (Garrod 1934: 9; Garrod and Bate 1937:
67, 80, 81). The division of layer E into the separate layers Ea, Eb, Ec and Ed was also
done to reflect changes in the stone artefact assemblage, rather than any stratigraphic
change of the deposit itself The differences between the assemblages were summed up as:
"implements were larger and better made in Ea than in Eb, in Ec (a very shallow zone)
hand-axes of La Micoque type were abundant, and in Ed there was a return to the
conditions of Eb" (Garrod and Bate 1937: 67).

Though these stratified changes in the

composition of the stone artefact assemblage were noted, the assemblages from all four of
Tabun's E layers were designated as the same industry.

Garrod's depiction of industrial groups within Tabun's Acheulean layers was refined
following the excavation of the site of Yabrud 1 (between 1931 and 1933) and its later
description (Rust 1950), and following Garrod's examination of the stone artefacts which
this excavation recovered (Copeland 2000).

Yabrud I contained deposits in which

handaxe-rich

inter-stratified

Acheulean

assemblages

were

with

scraper-dominated

assemblages, which were labelled Yabrudian^ (Rust 1950) and two assemblages containing
blades and retouched blades.

The industrial label given by Rust to the blade-rich

assemblages was Pre-Aurignacian (Rust 1950).

Both the Yabrudian and the Pre-

Aurignacian assemblages were stratigraphically below layers containing

Levalloiso-

Mousterian assemblages (Wright 1971). Garrod considered the assemblages from Tabun's
E layers as being similar in the morphology of their scrapers to the Yabrudian assemblages
of Yabrud 1. Unlike the Yabrudian assemblages at Yabrud I, handaxes were a significant
portion of the assemblages from Tabun's E layers, so Garrod created the industrial label of
Acheulo-Yabrudian to describe them (Garrod 1956). The blade-rich assemblage from the

• T h e industry w a s i n i t i a l l y n a m e d u s i n g t h e G e r m a n s p e l l i n g 'Jabrudian'.

base of Tabun Ea was later given the industrial label of Amudian (Garrod 1962: 248;
Garrod and Kirkbride 1961). The term Amudian was adopted because the earliest finding
of a similar blade-rich assemblage was at Zuttiyeh Cave in the Wadi Amud, excavated by
Francis Turville-Petre in 1926-1927 (Caton-Thompson 1971; Turville-Petre 1927).

This

has been the industrial label applied to similar assemblages since then (e.g. Barkai et al.
2009; Copeland 2000; Gopher et al. 2005; Jelinek 1990a; Moncel 2001; Porat et al. 2002;
Rink et al. 2003; Ronen 1992). Garrod's re-consideration of the assemblages in Tabun's E
layers as representing two distinct industries (Acheulo-Yabrudian and Amudian) was
questioned following a re-excavation of the site.

Jelinek excavated a 10 metre vertical section in the southern wall of Garrod's original
excavation at Tabun, between 1967 and 1971.

This excavation of the site was far less

extensive in area than Garrod's, being five to six metres wide and approximately two
metres deep (Jelinek et al. 1973). Based on an examination of the artefacts from deposits
corresponding with Garrod's layer E and F, Jelinek argued that three different industries
could be identified: the Acheulean, Yabrudian and Amudian. The Acheulean is classified
on the basis of a higher proportion of bifaces than either of the other two industries (up to
15%) (Jelinek 1982b). The Yabrudian has a greater proportion of scrapers, many of which
are made on thick fiakes. The thickness of the flakes is said to cause a high frequency of
Quina and demi-Quina retouch (Bar-Yosef 1994; Jelinek 1982b).

The Amudian has

relatively few retouched pieces and bifaces, with a large proportion of blades.

Other

implements of "Upper Palaeolithic" type, such as end scrapers, burins and backed knives,
are common in the Amudian (Dibble 1981; Jelinek 1981b). As Garrod found, the three
industries cannot be explained as a linear temporal succession, since they are interstratified, and the Amudian

is between two

Yabrudian

deposits

(Jelinek

1981b;

Vishnyatsky 2000).

Jelinek depicted these industries as being different variants of the same "tradition", classed
as the "Mugharan Tradition" (Jelinek 1981b; Jelinek 1990a). The concept of the Mugharan
Tradition was proposed by Jelinek in opposition to the previous depiction of an "AcheuloYabrudian" industry, from which the Amudian was seen as distinctly different (Garrod and
Kirkbride 1961). Jelinek's analysis of the frequency of scrapers, bifaces and backed knives
from his deposits that corresponded in depth to Tabun's Ea and Eb layers gives evidence of
gradual change through time, rather than abrupt discontinuities, arguing for continuity

between the three different industries (Jelinek 1981b: figure 2; Jelinek 1990a: figure 4.1).
These data were used to argue that the Acheulean, Yabrudian and Amudian industries
represent a series of gradual changes in the way stone artefacts were produced at Tabun,
possibly in response to environmental changes (Dibble 1981; Jelinek 1981b; Jelinek
1990a; Vishnyatsky 2000).

The conflict between Garrod's depiction of the Amudian as being distinctly different from
the Acheulo-Yabrudian, and Jelinek's view that all three industrial groups are variants in
the same tradition hinges on the abruptness with which the different industries succeed one
another in the deposits at Tabun. Unfortunately, this study will not have much potential to
resolve the conflict between these two views, as the material collected by Garrod is
identified according to her excavation layers. The gradual changes which Jelinek found in
his excavation occurred across vertical units in the deposit which are subsumed within
single layer's of Garrod's excavation (Jelinek 1981b; Jelinek 1990a).

Consequently, the

assemblages which Garrod collected do not have detailed information on the depths at
which they were found, which would be needed to test whether the patterns of change
found by Jelinek are mirrored across the much larger area of Garrod's excavation.

Some debate exists around the nature and significance of change in the stone artefacts
between the Acheulean and the Levalloiso-Mousterian at Tabun. The boundary between
these two industries at Mount Carmel has not received the same amount of attention as the
other main inter-industry boundary - namely, the boundary between the LevalloisoMousterian and the Aurignacian.

Despite this, the boundary between the Acheulean and

the Levalloiso-Mousterian is still the subject of two contradictory depictions of changes in
artefact assemblages. Garrod described the assemblages from the two industries as being
very different on typological grounds, in terms of the proportions of different implement
types present (Garrod and Bate 1937).

Following his excavation of Tabun, Jelinek

presented a continuous picture of change through time, on the basis of varience in the
width to thickness ratios of unretouched flakes from excavation units across the boundary
between the two industries (Jelinek 1977; Jelinek 1981b; Jelinek 1982a; Jelinek 1982b).
The question of whether change occurs gradually, or whether the boundary between the
Acheulean and Levalloiso-Mousterian

deposits coincides with an abrupt change in

assemblage composition, remains a subject of debate (e.g. Bar-Yosef 1994: 254; Marks
1992b: 236; Shea 2007b: 227; Shea 2008: 2258 - 2259).

The literature published on assemblages in the Levant designated as Yabrudian, Amudian
and Acheulean signals that artefact technologies prior to the advent of LevalloisoMousterian assemblages have considerably more variability than was depicted by Garrod's
initial description of a single industry throughout Tabun's layer E deposits.

Information

provided by Garrod's descriptions and Jelinek's later excavation indicate that considerable
variation in the stone artefact assemblage occurs across the depth of the deposit. Some of
this variation is subsumed within Garrod's collections from Tabun's E layers.

While

Garrod noted the presence of a blade-rich assemblage of artefacts at the base of layer Ea,
these artefacts were not collected as a separate excavation unit.

Jelinek's later work

indicates that additional stratigraphic variation in the artefact assemblage might have been
present across the area of Garrod's excavation, not all of which could be picked up by
Garrod's division of the layer E deposit into four sub-layers. The consequences for this
project, and other projects seeking to analyse the stone artefacts from these layers in
Garrod's collections, is that there is little potential to determine whether variation in
artefact morphology reflects diversity in the stone artefact assemblage at a single depth
within the deposit, or whether it reflects change in the nature of the assemblage at different
depths.

Variation between Levalloiso-Mousterian assemblages at Tabun and other Levantine
sites

The Levalloiso-Mousterian assemblages excavated and described by Garrod at Tabun Cave
have assumed immense significance in Levantine prehistory, as well as in wider questions
of the origin and dispersal of both Neanderthals and Homo sapiens.

This place of

significance is partially the result of being the first site at which the Levalloiso-Mousterian
industry was identified, and also because of the depth of the deposits containing
Levalloiso-Mousterian artefacts at Tabun. The deep deposits at Tabun have always been
viewed as representing a large time-depth, a view which has been supported by the
application of modem dating techniques (to be discussed later in this chapter).

The

sequence of Levalloiso-Mousterian assemblages at Tabun has been used, since its
discovery, as a yardstick to which other Levalloiso-Mousterian assemblages from the

Levant have been compared. A large number of sites with similar Levalloiso-Mousterian
assemblages have been found across the Levant and the wider Middle East. The fact that
the majority of Neanderthal and early Homo sapiens remains found in the Levant are
associated with Levalloiso-Mousterian assemblages has also added immensely to the
amount of attention these assemblages have received. For these reasons, much effort has
been expended describing Tabun's Levalloiso-Mousterian assemblages, and identifying
how they vary vertically through the deposit. Discussions of these assemblages currently
favour

calling

them

(Arensburg 2002: 142).

"Levantine

Mousterian",

rather

than

Levalloiso-Mousterian

Both terms refer to the same set of assemblages, and so for

consistency this thesis will retain Garrod's original industrial label.

To recap information discussed in more detail earlier in this chapter, the deposits
containing Levalloiso-Mousterian assemblages at Tabun were divided by Garrod into five
layers: D, C and B, as well as the two Chimney layers Ch I and Ch II (Garrod and Bate
1937).

In her description of the stone artefact assemblages, Garrod stated that the

assemblages in both chimney layers were indistinguishable from those in layer B (Garrod
and Bate 1937: 73), and that there was no stratigraphic discontinuity between the three
deposits (Garrod and Bate 1937: 60, 62). Garrod designated these three assemblages as
Upper Levalloiso-Mousterian, and the assemblages from layers C and D as Lower
Levalloiso-Mousterian.

The boundary between layer B and layer C was depicted as

demarcating a major change in the Levalloiso-Mousterian sequence, although she does
note that differences exist between the layer C and layer D assemblages as well (Garrod
and Bate 1937: 74-75).

Subsequently, most researchers have continued to regard these three layers as containing
three different and distinguishable stone artefact industries.

Stone artefact assemblages

from other sites in the Levant have been classified according to these three industry types
(Copeland 1975; Copeland 1983; Shea 2008). A common short-hand way of referring to
the three industries uses the names of the layers at Tabun in which they occurred: as Dtype, C-type and B-type (Bar-Yosef 1989b; Bar-Yosef and Meignen 2001; Copeland 1975;
Shea 2003b; Wallace and Shea 2006), though some researchers have used the synonymous
labels Phase 1, Phase 2 and Phase 3, respectively (Clark and Lindly 1988; Clark and
Lindly 1989b; Copeland 1975). In line with Garrod's descriptions of the assemblages at
Tabun, the three industries are defined in terms of the predominant morphology of their

Levallois flakes. In D-type assemblages, Levallois flakes are mainly produced by a unidirectional core reduction strategy, resulting in parallel or convergent patterns of dorsal
ridges (Bar-Yosef 1992a; Copeland 1975; Lieberman and Shea 1994; Meignen and BarYosef 1992; Shea 2003b). D-type assemblages have a high proportion of pointed flakes
and blades (Bar-Yosef 1989b; Clark and Lindly 1989b; Lieberman and Shea 1994;
Olszewski 1993; Shea 2003b).

The Levallois flakes in C-type assemblages are mostly

produced by radial or bi-directional core reduction methods (Bar-Yosef 1989b; Clark and
Lindly 1989b; Copeland 1975; Lieberman and Shea 1994; Meignen and Bar-Yosef 1992).
Blades and points are uncommon in C-type assemblages (Bar-Yosef 1992a), while scrapers
are more common than in B-type or D-type assemblages (Clark and Lindly 1989b;
Lieberman and Shea 1994).

In B-type industries, Levallois flakes are produced

predominantly by uni-directional or convergent core reduction (Bar-Yosef and Meignen
1992; Copeland 1975; Meignen and Bar-Yosef 1992).

Triangular Levallois flakes and

points are the predominant type of Levallois flake in these assemblages (Bar-Yosef and
Meignen 1992; Copeland 1975).

Blades are present, and Levallois points are usually

shorter and broader than in D-type industries (Bar-Yosef 1992a; Bar-Yosef and Meignen
1992).

The usefulness of this threefold division of Levalloiso-Mousterian sites has been accepted
by the majority of researchers working in the Levant since Garrod's excavation at Tabun.
The three industrial groupings have been applied to assemblages from the Northern Levant
(Syria and Lebanon) (Copeland 1981; Copeland 1983; Copeland 1983a; Copeland 1983b;
Copeland 1998; Copeland 1999; Muhesen 1992; Nishiaki 1989; Nishiaki and Copeland
1992; Schroeder 1969), to the southern Levantine regions of the Negev and southern
Jordan (Henry 1982; Marks 1971; Marks 1981a; Munday 1979).

The large number of

Levalloiso-Mousterian sites scattered along the Mediterranean coastline of Israel and
Lebanon is evidenced in reviews of Middle Palaeolithic archaeology in the Levant (e.g.
Bar-Yosef 1992a; Bar-Yosef 1998; Bar-Yosef and Meignen 2001; Marks 1992a; Marks
1992b; Mercier and Valladas 1994; Shea 1998; Shea 2001; Shea 2003a; Shea 2007b; Shea
2008).

All the major Levalloiso-Mousterian sites in the Levant have been classified

according to the three industry types first identified at Tabun. The fact that this industrial
scheme remains in common use, and has been applied across such a large geographic area,
indicates that the majority of archaeologists working in the Levant accept the validity of
this industrial scheme, and its usefulness for inter-site comparisons.

The three Levalloiso-Mousterian industries are defined in terms of the types of Levallois
flakes, and Levallois cores, which are predominant in these assemblages. In this way, the
boundary between the industries is currently drawn in much the same way that Garrod
described the differences between the three layers (D, C and B) at Tabun.

Retouch

patterns are not an important defining criterion for any of the three industry types.
Consequently, very little research has been conducted on whether patterns of retouch differ
between assemblages from the three different Levalloiso-Mousterian industries.

The

morphology of flakes selected for retouching has also not received much attention from
researchers. Tabun is a logical site at which to conduct such comparisons, as it is the only
site ever discovered in which assemblages assigned to all three industries occur. The fact
that Tabun is such a significant site regarding the way in which the sequence of Middle
Palaeolithic stone artefact assemblages in the Levant are depicted means that the findings
of the current study will have relevance to a wider regional context.

In particular, the degree to which the three assemblage types are different from one another
has been the subject of a long-running debate, primarily because of the association of
hominid fossils with these assemblage types.
assemblages have all

been

Neanderthal,

Fossil remains found with B-type

or too

incomplete

to allow

classificafion (Bar-Yosef 1992a; Shea 2007b; see review in Shea 2008).

taxonomic
The earliest

Homo sapiens fossils are found associated with C-type assemblages at Skhul and Qafzeh
(Bar-Yosef 1992a; Shea 2008), although the Neanderthal skeleton at Tabun is associated
with the site's C-type assemblage^ The fact that only Neanderthal skeletons are associated
with B-type assemblages has been used to argue that the appearance of this assemblage
type is correlated with a replacement of Homo sapiens by Neanderthals (e.g. Shea 2007b;
Shea 2008).

Some researchers have emphasised the differences between the three

Levalloiso-Mousterian assemblage types (Marks 1992b: 236; Shea 2007b; Shea 2008). In
opposition to this view, other researchers have argued that the three assemblage types
(particularly the B-type and C-type assemblages) are similar to one another.

'

These

The stratigraphic position of the Neanderthal skeleton (Tabun C I ) has been disputed, and there is a

possibility that it is in fact associated with Layer B. The debate surrounding this question is reviewed later in
this chapter - on balance, my opinion is that Tabun CI is associated with Layer C, not B, and is therefore
associated with the site's C-type stone artefact assemblage.

researchers argue that the Middle PalaeoHthic industries associated with morphologically
m o d e m humans at Skhul, and further inland at Qafzeh, are indistinguishable from
industries associated with Neanderthal remains at sites such as Tabun and Kebara (Clark
1992; Clark and Lindly 1988; Clark and Lindly 1989a; Clark and Lindly 1989b; Wolpoff
1989: 136).

Revisions of the Aurignacian and other Upper Palaeolithic industries

The Aurignacian, as an industrial entity, has undergone definitional change since Garrod's
excavations at Mount Carmel, which has resulted in the industry being split into different
categories.

The major change is one of nomenclature: the label of

"Levantine

Aurignacian" is preferred by most researchers to the original "Aurignacian" proposed by
Garrod.

Apart from this name alteration, the defining traits of the industry remain

unchanged, and the assemblages which Garrod designated as Aurignacian at Mugharet elWad are classified as Levantine Aurignacian today (Belfer-Cohen and Bar-Yosef 1981;
Belfer-Cohen and Bar-Yosef 1999; Belfer-Cohen and Goring-Morris 2007; Williams
2004). In addition to this change in the naming of the industry, regional variation between
Upper Palaeolithic sites in the Middle East has prompted researchers to define new
industrial types for different geographical ranges.

The construction of the Aurignacian as an industrial entity in the Levant was very much
based on identifying assemblages with specific proportions of "indicator" artefact types.
Some authors have split the Upper Palaeolithic traditions into two types, dubbed
"endscrapers-burins" assemblages and "blades-bladelets" assemblages (Gilead 1981). The
assemblages which were classically identified as Levantine Aurignacian (such as the layers
at el-Wad), Gilead argues fall under the "endscrapers-burins" denomination, rather than the
"blades-bladelets" group. The second group, he proposes, should be called the Ahmarian
instead.

Marks agrees with Gilead's opinions about two traditions being identifiable in the case of
the assemblages from the southern Levant (the Negev desert), but states that the northern
sites of El-Wad and Kebara represent an apparent "contradiction", since both traditions are
present.

He states that at both these sites, el-Wad points and "carinated" artefacts are

apparently co-associated (Marks 1981c: 350).

A carinated artefact is one which has a

strongly convex dorsal surface and a concave ventral surface - the term is commonly used
to refer to bifaces (Debenath and Dibble 1994: 165).

The term refers to the "keeled"

(sometimes approaching triangular) shape that these artefacts have when viewed in
longitudinal section.

Carinated artefacts usually also have a very prominently ridged

dorsal surface when viewed in transverse section (Meshveliani et al. 2004; illustrations in

Otte 2004).

At the site of Boker Tachtit, Marks describes the Ahmarian tradition as

characterised by a greater proportion of blades and bladelets, as well as the presence of elWad points with little evidence of carination (Marks 1981c: 346-347).

By contrast, the

Levantine Aurignacian has very few blades (or implements made on blades) a greater
proportion of carinated artefacts and a near absence of el-Wad points (Bergman and
Goring-Morris 1987; Copeland 1986). Marks resolves the contradiction of el-Wad points
and carinated artefacts at Mugharet el-Wad by speculating first that the points there are
made on blanks which are not as uniform as those used in the Ahmarian of the southern
Levant. Instead, they are produced on blanks which are more twisted, and likely from a
different core reduction technique, which may be associated with the production of
carinated artefacts rather than blades and bladelets (Marks 1981c: 351).

Also, Marks

speculates that the excavated spits at Mugharet el-Wad might have recovered mixed
assemblages, which might have resulted from temporally distinct occupations of the two
different traditions (Marks 1981c: 351).

This possibility cannot be confirmed without

greater temporal clarity than is afforded by Garrod's excavations at el-Wad.

A complication to the hypothesis that Mugharet el-Wad represents a mixture of two
different industries comes from the site of Ksar Akil.

Here, the upper Palaeolithic

assemblage falls midway between Gilead and Mark's industry types.

Proportions of

scrapers and burins are too high to be considered Ahmarian, yet too low to be considered
Levantine Aurignacian (Marks 1981b: 371).

Blades and bladelets are common in many

layers (Bergman and Goring-Morris 1987; Marks 1981b; Ohnuma and Bergman 1990),
and el-Wad points are present (Bergman 1981; Bergman and Goring-Morris 1987). Ksar
Akil, like Mugharet el-Wad, does not seem to fit with industry types developed further
south, in the Sinai and the Negev deserts.

The complexities in identifying an Aurignacian industry therefore appear to stem from a
variation between assemblages from the Northern Levant (Syria, Lebanon and Northern
Israel), and the Southern Levant (particularly the arid regions of the Negev and Sinai). The
debate over whether the Southern Levantine assemblages (and some assemblages from the
northern Levant) should be assigned to a separate industry (currently named Ahmarian)
appears to be well supported by Gilead's and Marks' research, and this taxonomic division
of Upper Palaeolithic assemblages in the Levant is now generally accepted (Belfer-Cohen
and Bar-Yosef 1999; Belfer-Cohen and Goring-Morris 2007).

This debate has one

relevant consequence for the purposes of this study: the applicability of Mugharet el-Wad's
assemblages as representing a Levant-wide Aurignacian industry type appears to be losing
support. However, the concept of a homogenous Levantine Aurignacian industry is still
accepted by archaeologists in the case of the Northern Levant, and Mugharet el-Wad's
assemblages are still included as examples of this industry.

Analyses of Mugharet el-

Wad's Aurignacian assemblages will still be seen as having relevance to Upper Palaeolithic
sites within this region. Fundamentally, of course, analyses of Mugharet el-Wad's Upper
Palaeolithic assemblages will provide useful data for comparisons with other Upper
Palaeolithic sites regardless of whether these sites are seen as being of the same industrial
type or not. Typological re-classifications of industrial groups are inevitable and ongoing,
but these shifting categorisations to not render individual sites more or less important in
terms of the data their artefacts can provide.

A particularly interesting implication of the division of Upper Palaeolithic assemblages
into the Ahmarian and the Levantine Aurignacian is that the latter industry is now
restricted in range to sites along the Mediterranean coast, and to the Northern Levant
(Belfer-Cohen and Bar-Yosef 1999).

Kebara and el-Wad are possibly the southernmost

sites containing Levantine Aurignacian assemblages (Belfer-Cohen and Bar-Yosef 1999:
figure

17.7).

Belfer-Cohen and Goring-Morris have proposed that the Levantine

Aurignacian industry was brought into the Levant by groups emigrating from the north,
and that this industry does not develop in-situ (Belfer-Cohen and Goring-Morris 2007:
203). In this scenario, the Levantine Aurignacian is not phylogenetically descended from
earlier industries in the Levant, but instead represents a break in the cultural sequence.
Under this scenario, the boundary between the Levalloiso-Mousterian and the Aurignacian
assemblages at el-Wad would coincide with this abrupt break, and so change across the
two groups of assemblages would be expected to be discontinuous rather than gradual.

This depiction of the nature of change across the Middle to Upper Palaeolithic boundary is
in conflict with an alternative interpretation, which posits that the change in artefact
assemblages across the boundary is gradual, and that intermediate, "transitional" industries
can be identified.

The Middle to Upper Palaeolithic boundary, and the question of "transitional"
industries

The concept of a "transitional" industry existing between the Mousterian and Aurignacian
assemblages in the Levant was originally proposed by Garrod (Garrod 1951). Following
re-analysis of two of the layers at Mugharet el-Wad (F and G), she concluded that they
contained a single stone artefact industry which was a mid-point between the earlier
Levalloiso-Mousterian assemblages and the later Aurignacian assemblages.

Garrod had

initially separated the artefacts of layer F into two groups, F1 and F2, despite the fact that
these artefacts were not stratigraphically separated in any way (Garrod and Bate 1937: 22).
Instead, the division was made on typological grounds: implements were designated into
F1 if they were classified as Aurignacian, and F2 if they were classified as LevalloisoMousterian (Garrod and Bate 1937: 50). Garrod's initial interpretation of layer F was that
it was an assemblage made up of artefacts from two different and chronologically
separated industries which had been mixed together through the action of water flowing
through the cave (Garrod 1951: 122; Garrod and Bate 1937: 26). The assemblage in layer
G was initially classified as Levalloiso-Mousterian (Garrod and Bate 1937), although this
layer too contained artefacts of Aurignacian type, such as blades and blade cores. As in
layer F, there was no stratigraphic dissociation between the Levalloiso-Mousterian and
Aurignacian artefacts.

Garrod's interpretation of the layer was that it contained a

Levalloiso-Mousterian industry which had intruding Aurignacian artefacts derived from
layer F1 (Garrod 1951: 122; Garrod and Bate 1937: 53). The artefacts in layer G, like
those in layer F, were therefore interpreted as a mixture of two chronologically separate
industries.

Garrod's re-consideration of this interpretation, and her conclusion that layers F and G
instead contained a transitional industry, was based on both a re-analysis of the material
from Mugharet el-Wad and on later findings at other Levantine sites. The sites of Abu
Halka (Haller 1946), Ksar Akil (Ewing 1947) and Mugharet el-Emireh (Turville-Petre
1927) all contained a layer in which the artefacts were a mixture of Levalloiso-Mousterian
and Aurignacian types, making the assemblages in Mugharet el-Wad's layers F and G less
unusual than when they were first excavated (Howell 1959).

Garrod also felt that the

frequency of Aurignacian artefacts in layer G was too great to be explained as intrusions

from layer F (Garrod 1951: 122). Instead, she designated layers F and G as a transitional
industry, created during a period in which Levalloiso-Mousterian and Aurignacian
artefacts were both produced (Garrod 1951).

She used the existence of this transitional

industry to argue that the Aurignacian had evolved in the Levant from the pre-existing
Levalloiso-Mousterian, rather than diffusing into the area from Europe or elsewhere
(Garrod 1951: 129; Garrod 1966).

Garrod's concept of a gradual change from Levalloiso-Mousterian to Aurignacian via this
intermediate transitional industry has not been universally or even widely accepted by
subsequent researchers. In the specific case of Mugharet el-Wad's proposed Emiran layers
(F and G), the demonstrated action of water in transporting and mixing artefacts in these
layers is still cause for caution in accepting that they represent a transitional industry,
rather than simply a mixture of Aurignacian and Mousterian artefacts from two separate
time periods (Bar-Yosef and Vandermeersch 1972; Ronen et al. in press).

Inexact

excavation techniques have also been cited as a possible reason for thinking that Garrod
mistakenly identified these layers as transitional (Dibble 1983).

The existence of transitional industries has continued to be advocated at a number of other
sites in the Levant, most strongly at the sites of Boker Tachtit (in the Negev Desert) and
Ksar Akil (near Beirut).
Palaeolithic

Marks, whose technique of studying the occurrence of Upper

assemblages

is

to

identify

blank

production

techniques

and

other

"technological" traits, rather than relying on comparing proportions of tool types, identifies
transitional behaviours of blank production and retouch at Boker Tachtit. He argues that in
the uppermost levels of Boker Tachtit, core reduction is geared toward the production of
blades, but that techniques of platform regularisation and the sequential positioning of
blade removals produced some point blanks which are indistinguishable from Levallois
points (Hietala and Marks 1981; Marks 1981c). The retouched tools produced on these
Levallois flakes are all designated Upper Palaeolithic by Marks, being endscrapers and
burins (Marks 1981c: 346).

The argument for the existence of a transitional industry at Ksar Akil is similar to that used
at Boker Tachtit. In the layers proposed as transitional industries, artefacts designated as
Upper Palaeolithic in type are produced on Levallois flakes (Bar-Yosef 2002; Bergman
1988; Copeland 1999).

The Upper Palaeolithic artefacts in question are predominantly

burins and endscrapers. At both Ksar Akil and Boker Tachtit, therefore, the argument for
transitional industries involves the existence of flake production and retouch behaviours,
which are designated as distinctively Middle Palaeolithic and Upper Palaeolithic, being
employed in the production of the same artefact.

This type of transitional industry is

different from that proposed by Garrod at Mugharet el-Wad.

At el-Wad, the proposed

transitional assemblages consisted of artefacts that were individually designated as being
distinctively Middle Palaeolithic and Upper Palaeolithic being stratigraphically associated.

Although it is beyond the scope of this study to assess whether Mugharet el-Wad's
assemblages from layers F and G are the product of taphonomic mixing of separate
assemblages, the question of whether these assemblages are in fact intermediate between
Middle and Upper Palaeolithic assemblages is still worth asking.

This study will be

comparing these assemblages to the Levalloiso-Mousterian assemblages from Tabun and
the Aurignacian assemblages from the overlying layers at Mugharet el-Wad. These are the
assemblages which Garrod herself used, for comparison, when she originally designated
the assemblages as transitional.

In contrast to previous research

on

transitional

assemblages, this study is not based on typological classification, but will instead be
comparing the assemblages using a number of morphological measurements which will be
used consistently on all assemblages. Given that the concept of transitional assemblages is
the subject of current research and academic debate, comparing assemblages across the
Middle to Upper Palaeolithic boundary at Mount Carmel using a non-typological approach
will contribute to this body of research.

The findings of this study will be of relevance in the wider context of the study of
transitional assemblages, without it being necessary to accept the theoretical baggage
commonly associated with literature on transitional assemblages.

Discussions of the

Middle to Upper Palaeolithic boundary often use the identification of transitional stone
artefact assemblages to support concepts of cultural phylogeny and cultural evolution
(Shea 2008).

The assumption underpinning these discussions is that characteristics of

stone artefact morphology and assemblage composition evolve through time, thereby
enabling the identification of ancestor-descendant relationships between cultures on the
basis of shared characteristics (Richter et al. 2008; Tostevin 2003).

Identification of

transitional industries has been used to argue that the material culture of the Middle
Palaeolithic evolved gradually to become the material culture of the Upper Palaeolithic:

transitional industries have in this way been employed in debates about the nature and pace
of cultural evolution (e.g. Pradel 1966)

To associate stone artefact assemblages with

concepts such as these clearly demands justification, and automatically linking discussions
of transitional assemblages to questions of cultural evolution should be avoided. Indeed, it
seems wise to avoid using the term "transitional" as the default term to describe
assemblages which are intermediate in form between those of the Middle and Upper
Palaeolithic.

To do so implies an assumption of evolution from the earlier (Middle

Palaeolithic) entity to the later (Upper Palaeolithic), and can further imply that the nature
of the evolution was gradual and continuous in nature.

At least one researcher has

proposed that the term "transitional" not automatically be used by archaeologists to
describe an assemblage which is an intermediate between others (Kuhn 2002a). Industries
labelled as transitional occur across sizeable stretches of time and space in the Levant and
neighbouring areas, which should further caution us against thinking of them as snapshots
along a continuous evolutionary dine from the Middle to Upper Palaeolithic (Kuhn et al.
2004; Shea 2008). Clearly, when this study compares the assemblages from layers F and
G at el-Wad with other Palaeolithic assemblages, the only question within the scope of the
study is whether these assemblages represent an intermediate form when compared with
earlier and later assemblages. The assessment of whether the assemblages are intermediate
will be of relevance to researchers engaged in wider questions of cultural evolution
between the Middle and Upper Palaeolithic, but comparisons can be made between
assemblages without initially dealing with the wider concepts embedded in this field of
research.

Site chronology at Mount Carmel

The Mount Carmel cave sites have not provided researchers with any method of directly
associating archaeological deposits to oxygen isotope stages, as the sediments are
predominantly humanly-produced biological material rather than climatically-produced
sedimentary events (Bar-Yosef 1998).

Constructing an absolute chronology of the sites

currently relies entirely on other techniques of physical dating.

The techniques of

physically dating sediments and artefacts from Tabun have greatly extended previous
estimates of the site's time-depth (Table 5.3 and Table 5.4). These techniques produce age-

estimates which have large margins of uncertainty associated with them, and in addition to
this different techniques have yielded conflicting results.

The chronology of the site

obtained from Thermoluminescence of burnt flint artefacts has estimated a much greater
time-depth for the site than that given by Uranium-series or Electron Spin Resonance
(ESR) carried out on teeth.

It is possible that the younger dates provided by ESR assays is due to the fact that these
studies have been carried out on specimens from museum collections, for which it is
difficult to calculate appropriate dose rates (Rink et al. 2004). A combined analysis using
ESR/U-series on a tooth found in-situ in the deposits at Tabun, and attributed to layer Ed,
has yielded an age estimate of 387 ± 49 kyr BP (Rink et al. 2004), which is comparable to
age estimates obtained by Thermoluminescence (Table 5.4).

This study raises the

possibility that previous ESR assays have under-estimated the age of Tabun's deposits.

Table 5.3. U-Series and ESR mean age estimations o f tooth samples from Garrod's layers at
Tabun.
Layer

U-series ages
(kyr BP)
(McDermott et
al. 1993)

ESR Mean ages (kyr BP) (Grun et al.
1991)

ESR Mean ages (kyr BP) (Grun
and Stringer 2 0 0 0 )

A s s u m i n g early
uptake ( E U )

EU

LU

I 0 2 ± 17
] 2 0 ± 16

1 2 2 ± 16
I40±2I

50.69 ± 0 . 2 3
I 0 5 . 3 6 ± 1.35
1 0 l . 6 9 ± 1.36
97.84 ± 0 . 4 3

8 6 ± 11
I 0 2 ± 17

A s s u m i n g linear
uptake ( L U )
I 0 3 ± 16
I I 9 ± 11

D

II 0.68 ± 0 . 8 8

Ea

122 ± 2 0
154 ± 3 4

166 ± 2 0
188±3I

I 3 3 ± 13
I76±22

203 ± 26
2I3±32

Eb

159.05 ± 1.33
I68.I0±2.6I
no analysis

180 ± 3 2

no analysis
no analysis

151 ± 2 1
I 7 6 ± 10

I 6 8 ± 15

Ec
Ed

199 ± 7
2I3±46

198±5I
I 4 9 ± 17

195 ± 3 7
2 2 0 ± 63

B
C

I82±6I

191 ± 2 8

Table 5.4. Thermoluminescence age estimations from burnt flint samples at Tabun. Samples used
were from Jelinek's re-excavation.
Layer

Jelinek's
excavation
unit

B
C
D/C
D/C
D
D-Ea
Ea-Eb
Eb - Ec (?)
Ed

1
II
V
IX
X
XI
XII
XIII

TL mean age estimation (kyr
BP). (Mercieretal. 1995b)

TL mean age estimation (kyr BP)
(Mercier and Valladas 2003)

no analysis
171 ± 17
212±22
244 ± 28
263 ± 27
270 ±22
306 ±33
350 ±33
331 ±30

no analysis
165± 16
196±21
222 ± 27
256 ±26
267 ± 22
264 ± 28
324 ± 31
302 ± 27

The lack o f resolution currently provided by physical techniques o f dating Tabun leaves a
great

deal

of

uncertainty

archaeological sites.

in

attempting

to

correlate

the

site's

layers

with

other

This problem has implications in correlating hominid remains from

sites across the Levant with the sequence at Tabun, as will be reviewed in the following
section o f the chapter.

Mugharet el-Wad has no absolute dates on layers older the B1 and B2.

The Natufian

layers have been radiocarbon dated to between 10.6 - 12.9 kyr BP by Weinstein-Evron
(1991). The underlying layers have not been the subject o f any dating research.

Because

no absolute dates have been made on the earlier Levalloiso-Mousterian levels, researchers
have continued the practice o f assuming that layers F and G are contemporary with the
similar Levalloiso-Mousterian industries from Tabun B and the Tabun chimney layers
(Vita-Finzi and Stringer 2007).

Hominid skeletal remains at Mount Carmel and other sites

Excavations of the Mount Carmel caves, and other sites nearby in the Levant, have
uncovered a collection of hominid skeletal remains, both of Neanderthals and
sapiens.

Homo

The skeletal remains found in the area have been the subject of widespread

interest, particularly in establishing chronologically when the two different species
occupied the Levant. There is now compelling evidence that Neanderthals were present in
the Levant after specimens of Homo sapiens first appear. It is likely that the periods of
occupation by the two species overlap during the Middle Palaeolithic. As a consequence
of this, it is problematic to draw conclusions concerning which hominid species produced
the artefact assemblages of the Middle Palaeolithic at Mount Carmel.

At Mount Carmel, skeletal remains were uncovered from Mugharet el-Wad and Tabun
Cave, as well as Skhul Cave (Garrod and Bate 1937; McCown and Keith 1939) and Kebara
Cave (Bar-Yosef et al. 1992; Smith and Arensburg 1977). El-Wad has numerous skeletal
remains from its Natufian layers, all of which are Homo sapiens (Garrod 1932b; Garrod
and Bate 1937; MacCurdy 1934; McCown and Keith 1939). A single adult molar tooth
was recovered from el-Wad's lowest layer, G, which has never been assigned to any
species (McCown and Keith 1939; Shea 2003a). At Tabun, a skeleton found in layer C,
known as Tabun CI, is the most complete specimen and is regarded as being Neanderthal
(Bar-Yosef and Callander 1999; Shea 2008).

Another specimen from layer C is a

mandible known as Tabun C2: the taxonomy of this specimen is disputed (Quam and
Smith 1998; Rak 1998) - the question of whether it should be classified as Neanderthal or
Homo sapiens has been debated since its discovery (e.g. Brothwell 1961; Higgs and
Brothwell 1961; MacCurdy 1934; McCown and Keith 1939).

Various teeth were

recovered from layer B at Tabun, all of which are classified as Neanderthal (McCown and
Keith 1939).

A number of additional teeth of unknown provenance from Tabun have

recently been re-discovered, all of which have been classified as Neanderthal (Coppa et al.
2005; Coppa et al. 2007). All of the skeletal specimens from Skhul are classified as Homo
sapiens (McCown and Keith 1939).

The skeletal material from Kebara has all been

classified as Neanderthal (Arensburg 1989; Bar-Yosef et al. 1992; Vandermeersch 1989),
with the exception of one juvenile specimen which was cautiously described as being
closer to Neanderthal than Homo sapiens (Smith and Arensburg 1977).

The Neanderthal skeleton CI was documented as having been excavated from layer C of
Tabun (Garrod and Bate 1937; McCown and Keith 1939). Garrod was not certain of the
association of this skeleton with layer C, however, and stated that the skeleton may be
derived from layer B instead (Garrod and Bate 1937).

The debate around whether the

Tabun C1 remains were derived from layer B is based on this cautionary note in Garrod's
report on the Mount Carmel excavations. It has been noted by Bar-Yosef and Callender,
however, that Garrod did not record the possibility that the hominid originated from layer
B in her field notes (Bar-Yosef and Callander 1999). They argue that Garrod's doubt about
the origin of C1 results from the fact that the other skeletal specimen from layer C, the C2
mandible, was strikingly different from the jaw of the CI hominid. The chin of C2 does
not recede, as the jaw of CI does (Bar-Yosef and Callander 1999), implying that C2
appears more similar to a Homo sapiens mandible, while the CI skeleton appears closer to
a classic Neanderthal (Bar-Yosef and Callander 1999; Jelinek 1992; Schoeninger 1982).
Bate's analysis of the faunal remains from Tabun led her to the conclusion that the region
became much colder when layer B was formed, as the proportion of fallow deer to gazelle
bones in the site increases (Bate used this Dama/Gazella

ratio to reconstruct temperature at

the site) (Garrod and Bate 1937). This interpretation would have strengthened Garrod's
doubts of the origin of Tabun CI, and correlating it with the colder conditions of layer B
would have been more plausible than assigning the skeleton to the warmer period of layer
C. There is no direct stratigraphic or taphonomic evidence favouring the view that the CI
hominid is derived from layer B. In my own opinion, the possibility that CI is derived
from layer B is unlikely given the marked difference in the sediment of these two layers,
and the clearly defined boundary between the two layers that Garrod documented (Garrod
and Bate 1937: 63), and which has been corroborated by more recent sediment analysis
(Albert etal. 1999).

Qafzeh Cave, which lies approximately 60km inland from Mount Carmel, in the Galilee
Hills, contained several taxonomically identifiable skeletons, all of which are regarded as
Homo sapiens (Tillier 1992; Vandermeersch 1992). The hominid-bearing levels of Qafzeh
are most likely to antedate most other Mousterian assemblages in the Levant, and are
probably contemporary with Tabun layer D on the basis of a shared micro-vertebrate
assemblage (Bar-Yosef et al. 1986; Rabinovich and Tchernov 1995; Tchernov 1981;
Tchernov 1994). The number of species of micro-vertebrates present in the Levant during

the Mousterian period decreases through time (Tchernov 1981), allowing the similarity of
assemblages to be used to correlate the sites temporally. Forty per cent of the species in
Qafzeh's

micro-vertebrate

assemblage

are not

assemblage in the Levant (Tchernov 1994: 339).

shared

with

any

other

Mousterian

In relation to Tabun, Qafzeh's micro-

vertebrate assemblage is in contrast with that of Tabun layer B and layer C, which possess
a suite of Palearctic species that are absent in Qafzeh's predominantly Afro-Arabian
assemblage (Tchernov 1998). Crucially, many of Qafzeh's micro-vertebrates are present in
the Acheulean assemblages from Tabun's E layers, but absent in Levantine Mousterian
assemblages, with the exception of Tabun D (Tchernov 1994). The similarity between the
micro-vertebrate assemblages from Qafzeh and Tabun layer E had previously been noted
by Haas (Jelinek et al. 1973).

On the basis of these data, the hominids at Qafzeh are

contemporary with Tabun D at the latest, and could possibly antedate even this earliest of
Tabun's Mousterian layers (Marks 1992b: 235).

The micro-vertebrate assemblage of Tabun D differs from that of Qafzeh in that it contains
a number of species that appear in later Mousterian assemblages (such as Tabun C and B),
which are absent at Qafzeh (Tchernov 1994; Tchernov 1998). Tchemov's suggestion is
that Tabun D, which was deposited over a long period of 100 000 years according to
radiometric dates (Grun et al. 1991), spans a period of ecological change in which an
originally Acheulean-type micro-vertebrate assemblage is joined or replaced by immigrant
species that are present in later Mousterian assemblages.

The Qafzeh material could be

contemporary with the early assemblage from Tabun D, and antedate the later period in
which immigrant species arrived (Tchernov 1994; Tchernov 1998).

Unfortunately it is

impossible to test this hypothesis, as the only faunal sample from Tabun layer D is that
collected by Bate (Garrod and Bate 1937), and the depth within the layer at which bones
were collected was not recorded. Tchernov feels that the use of micro-vertebrates provides
a reliable correlation of these two sites, as they are near enough for predators to bring
micro-vertebrates

to

both

caves

from

overlapping

ranges,

thereby

removing

the

complicating factor of localised ranges of micro-vertebrate species (Tchernov 1979;
Tchernov 1981; Tchernov 1994).

Absolute age-estimation techniques are consistent with the hypothesis that Qafzeh is
contemporary with Tabun B, C or D, with ESR placing the Qafzeh material betweenn
96±13 to 1I5±15 kyr BP (Schwarcz et al. 1988).

Thermoluminescence yields a date of

92±5 kyr BP for Qafzeh's lower Mousterian levels (Valladas et al. 1988), which is younger
than TL dates obtained for any of Tabun's Mousterian layers. It must be remembered that
absolute dating of Tabun's layers is currently very uncertain, and the large ranges of
uncertainty associated with the absolute age estimates at Tabun prevent us from correlating
the Qafzeh material with any particular Mousterian assemblage at Tabun with any
confidence.

Skhul Cave yielded hominid skeletal material which resembles that of Qafzeh, with all
taxonomically

distinctive

specimens

classified

as

Homo

sapiens

(Tillier

1992;

Vandermeersch 1992). Garrod was of the view that the hominid-bearing layer B at Skhul
was contemporary with Tabun C (Garrod 1934) on the basis of similar vertebrate fauna
found in the two layers. Skhul's hominid-bearing layer sits on an erosional disconformity,
which Bar-Yosef has correlated to an erosional phase which caused the disconformity
between Tabun's layers D and C (Bar-Yosef 1989a). The hypothesis that these erosional
events are correlated supports Garrod's conclusion, in that it places the Skhul hominids as
post-dating Tabun D. Unfortunately the micro-faunal assemblage from Skhul's hominidbearing layer is very small (Tchemov 1994), and so the Skhul hominids cannot be
associated with any of Tabun's layers using these data.

Absolute dating of the Skhul hominids has supported their contemporeneity with the
Qafzeh hominids.

ESR analysis of associated bovine teeth (from the hominid-bearing

layer B) placed the Skhul skeletal material to between 81±15 (EU) and 101±12 kyr BP
(LU) (Stringer et al. 1989).

Subsequent Thermoluminescence on burnt flints from the

same layer placed the skeletal material at 119±18 kyr BP (Mercier et al. 1993). The burials
are associated with a Mousterian stone assemblage, which resembles that found in the
Levalloiso-Mousterian layer C at Tabun (Garrod and Bate 1937).

The site of Kebara provides strong evidence for the presence of Neanderthals in the Levant
during the late Mousterian, postdating the Homo sapiens at Qafzeh and Skhul (Aitken and
Valladas 1992).

Kebara is located on the western escarpment of Mount Carmel, and is

only 13 km south of Tabun, el-Wad and Skhul (Bar-Yosef et al. 1992). The excavated
layers at the site which are associated with Mousterian stone artefacts (V - XII) contained
various hominid remains (Bar-Yosef et al. 1992). The species of most of these remains is
uncertain, but the two most complete specimens (KMH 1 and 2) are generally accepted as

Neanderthal (Bar-Yosef et al. 1986; Clark and Lindly 1989b; Shea 2008).

The micro-

vertebrate assemblage of all Mousterian layers at Kebara is identical to Tabun layers C and
B (Tchemov 1992; Tchemov 1994; Tchemov 1998). Absolute age-estimates indicate that
Kebara's Mousterian layers are even younger than Tabun B. Thermoluminescence of burnt
flints produced an estimated age of 48.3 ± 3.5 kyr (for layer VI) and 59.9 ± 3.5 kyr (layer
XII) (Mercier et al. 1995a; Valladas et al. 1987). The ESR age estimates on gazelle teeth
from layer X (which is a layer overlying the Neanderthal burial KMH 2) of 60 ± 6 kyr
(EU) and 64 ± 6 (LU) are consistent with the Thermoluminescence chronology of the site
(Schwarcz et al. 1989). Based on these dates, Kebara postdates both Skhul and Qafzeh, as
well all current age-estimations from Tabun B.

The current chronological distribution of hominid skeletal remains, as well as the
archaeological associations of these remains, leaves large gaps in our knowledge of which
hominid species produced the archaeological deposits in Tabun Cave and Mugharet elWad. There are no remains associated with any of the layers underlying Tabun layer C, or
its Chimney deposits. At el-Wad, the lack of direct skeletal evidence is even greater, with
no taxonomically informative remains present in the site until the Natufian deposits (B1
and B2). Kebara Cave provides evidence that Neanderthals are present in the Levant in the
late Middle Palaeolithic, probably post-dating Tabun layer B, while Skhul and Qafzeh
provide evidence that Homo sapiens is present in the region contemporary with, or before,
Tabun's early Levalloiso-Mousterian layers (C and D). The fact that the two species could
both be present in the Levant during the whole of the period that Tabun's LevalloisoMousterian layers were formed is enough to caution us against drawing conclusions
regarding the species which created the archaeological deposits.

Discussion

The sequence of artefact assemblages excavated from Tabun and el-Wad have been used
as a point of reference for other sites in the Levant since their excavation in the 1930's.
Systems of classifying sites and assemblages in the Levant make use of the same industrial
groupings, albeit at times with altered names, as those used by Garrod and her colleagues
in their description of the material from Tabun and el-Wad (Garrod and Bate 1937). The

degree to which the material from the Mount Carmel sites is regarded as being comparable
with a wider array of assemblages across the Levant means that interpretations of
variability and change across the site's artefact assemblages will be of relevance to a
number of current research questions debated by archaeologists. Although the layers that
Garrod used as excavation units do not enable the temporal resolution needed to test
Jelinek's identification of artefactual changes occurring vertically within

Garrod's

Acheulean layers (Jelinek 1975; Jelinek 1977; Jelinek 1990b; Jelinek et al. 1973), the
material collected by Garrod can explore the nature of change across the boundary between
the Acheulean and the Levalloiso-Mousterian.

The debate over whether changes in

artefact morphology occur gradually and continuously (Jelinek 1977; Jelinek 1981b;
Jelinek 1982a; Jelinek 1982b) or suddenly and dis-continuously (Shea 2007b: 227; Shea
2008: 2258 - 2259), can be explored using Garrod's assemblages, although the excavation
units which Garrod used place some limits on the chronological scale at which these
questions can be explored. Differences between the three sub-groupings of the LevalloisoMousterian can also be explored using the material excavated by Garrod. The question of
whether substantial change exists between the D-type, C-type and B-type assemblages in
the Levant is one which is potentially linked with wider question such as differences in
behaviour of Neanderthals and Homo sapiens, or with chronological changes occurring
across the Levant. While the linkages between the assemblage type and hominid species,
or with different periods of time, are not currently clear, it remains the case that the
differences between these assemblage groups are a matter of continuing discussion.

A

third question which the Mt Carmel material has relevance to is the nature of artefactual
change across the boundary between the Middle and Upper Palaeolithic.

Typological

classifications of assemblages on either side of this boundary have traditionally emphaised
the differences between the two, and depicted the boundary as being associated with
substantial and sudden change. One counter point to this argument is the contention that a
number of sites in the Levant represent "transitional" stages in a process of cultural
evolution from the Middle to the Upper Palaeolithic.

The lower layers of Mugharet el-

Wad are assemblages which have been cited as being transitional. The data generated by
the current study has the potential to provide supporting evidence for the status of these
assemblages as intermediate in form between the earlier Middle Palaeolithic and
subsequent Upper Palaeolithic assemblages.

The analyses carried out in this thesis will

provide information on the nature of artefactual change across the Middle to Upper
Palaeolithic boundary.

The sequence of assemblages from Tabun and el-Wad have the potential to provide
information which will increase in value in the future. Although the two sites are currently
difficuh to place temporally, either in terms of absolute chronology or in terms of relative
dating with other sites in the region, considerable research effort continues to be devoted to
improving this state of affairs. Tabun is rightly seen as a site of immense importance in
decoding the Middle Palaeolithic prehistory of the Levant, particularly in answering
questions relating to the colonisation of the Levant by different hominid species, and the
times at which species replacement events might have occurred (e.g. see Bar-Yosef and
Meignen 2001; Shea 2008).

It is highly likely, as a result of this substantial research

interest, that new advances in archaeological techniques will be applied to Tabun as they
become available. Chronological resolution of the assemblages at Tabun (and perhaps elWad also) will be improved in the future, and this improvement will be constrained by
technological factors rather than by a lack of impetus by researchers.

Data on the stone

artefacts from the different assemblages at Mount Carmel, therefore, will

become

increasingly relevant and increasingly useful to wider archaeological research questions.

6

The artefact samples from the Palaeolithic layers of Tabun
Cave and Mugharet el-Wad

The preceding chapter discussed the way in which Tabun Cave and Mugharet el-Wad were
excavated by Garrod and her colleagues, with particular reference to the stratigraphic
layers into which the sites were divided. These layers form the units of analysis for the
present study, as artefacts recovered from the sites were given no data relating to their
provenance beyond the layer in which they were found.

Before the task of comparing the assemblages from the different layers can be carried out,
it is necessary to examine the nature of the sample of artefacts available to this project.
This chapter will review (and to some extent reconstruct) the way in which Garrod went
about sampling material from the two sites, and the process she used to construct the
collection of artefacts utilised here.

A necessary aspect of this is a discussion of the

typological system used by Garrod, since artefacts were collected with the aim of
preserving a sample of each artefact type that Garrod had identified at the site. The sample
of artefacts from each layer is largely dictated by the system of classification used.
Additionally, Garrod did not use the same typological system to classify the assemblages
from all of the sites' layers.

The typological system used for the Upper Palaeolithic

assemblages is different from that used for the earlier assemblages.

Because the artefact samples from each layer were constructed using systems of artefact
typology as their basis, a necessary initial task is to compare the samples of each artefact
type from individual layers, to assess whether the different types within a layer are
noticeably different from one another. The aim of this preliminary analysis is to assess the
extent to which artefacts can be pooled together for subsequent inter-layer comparisons.
This involves intra-layer comparisons, comparing the artefacts belonging to different type
categories with one another, using the same variables that will ultimately be used in the
inter-layer comparisons.

These comparisons between artefact types are carried out on

several of the layers, so that the potential for pooling artefacts could be assessed in the case
of samples constructed by each of Garrod's systems of classification.

Dorothy Garrod's collections from Tabun and Mugharet el-Wad

Subsequent to Garrod's excavations of both sites between 1929 and 1934, she divided the
collected material up to be distributed to various museums around the world (Garrod and
Bate 1937). A sample of material from the sites was stored in the Cambridge University
Museum of Archaeology and Anthropology' (CUMAA).

Artefacts are individually

labelled with the site, and layer from which they were excavated, but without any further
data relating to provenience or classification.

The intention in dividing the excavated

material was that a number of museums would have a representative sample of the
artefacts from the sites.

The museum collections were constructed with the aim of

providing a representative sample of the different artefact types identified by Garrod, from
each of the excavated layers (Robin Boast, pers. comm.).

Because the collection from each layer of the two sites was selected to provide a
representative sample of each artefact type, the variability of morphological features are
unlikely to be continuous.

Instead, it is likely that some aspects of morphological

variability will fall into discrete clusters, corresponding to artefact type. This stems from
the fact that constructing an artefact typology often involves identifying aspects of artefact
morphology which are perceived by the classifier to be discontinuous or multi-modal
across the total artefact population (Clarkson 2005; Debenath and Dibble 1994: 5; Hiscock
2007b; Hiscock and Attenbrow 2005; Odell 2001). It is possible, though not certain, that
in collecting a sample of artefacts to represent each identified type, Garrod magnified these
discontinuities of artefact morphology. The construction of the collection might even have
created discontinuities of artefact variation where none existed in the original population of
artefacts. Unfortunately, it is beyond the means of this study to identify whether this is in
fact the case, as the original population of artefacts from Garrod's excavation is unavailable
for analysis. Much of the material not assigned to typological categories was re-buried at
the close of the excavation (Garrod and Bate 1937). It is only possible to evaluate whether

' At that time called the C a m b r i d g e M u s e u m o f Archaeology and E t h n o l o g y

morphological traits exhibit discontinuities according to type category for the collected
material.

The possibility that the data used for this project may have been skewed by Garrod's
sampling method makes it important to understand the classification system which Garrod
used.

Identifying the morphological traits which Garrod used to define different

implement types allows us to evaluate whether artefacts with certain traits could have been
ignored and left uncollected. In other words, could there have been groups of artefacts left
out of the collection, because their morphology did not fit into any of Garrod's types? If
this does appear to be the case, would the exclusion of these artefacts be likely to create
biases to the data analysed in this thesis?

Answering this second question involves

assessing whether biases in Garrod's sampling strategy would result in biases to the
specific measurements used in this chapter. Attempting to answer either question involves
developing an understanding of the typological system Garrod applied to Tabun and
Mugharet el-Wad. For this reason, it is necessary to precede the analysis of the collections
with a discussion of Garrod's system of implement classification.

Garrod and Bate's monograph on the Mount Carmel excavations never explicitly describes
the criteria by which artefacts were assigned to type categories (Garrod and Bate 1937).
Their work does, however, offer frequent clues to the nature of the different types, as well
as a large number of illustrations (Garrod and Bate 1937, plate VIII to XXVII, XXXIII to
XIVII).

In most cases, this made it relatively straightforward to reconstruct the criteria

used to assigning artefacts to type categories.

In addition, some of Garrod's types

correspond to artefact types defined and extensively described by Bordes (1961) and other
researchers in Palaeolithic Europe (e.g. Debenath and Dibble 1994).

Specimens in the

museum collection were sometimes physically grouped together by type (within each
layer), but different implement types were frequently mixed together. Use of the collection
as a teaching reference (Robin Boast, pers. comm.; Christopher Chippindale, pers. comm.)
meant that the current grouping of artefacts in the collection cannot be assumed to reflect
original classification of the artefacts: it is likely that the artefacts have been progressively
mixed through careless replacement, as will inevitably occur even in carefully curated
collections (Dibble, et al. 2009). Artefacts within the collection are not labelled by type
(with the exception of Garrod and Bate's (1937) illustrated specimens, all of which are
housed in the collection).

The criteria for classifying artefacts which follows have

therefore been re-constructed from Garrod's published works and from observations of
museum specimens.

Garrod's typology of unifacially retouched artefacts

Only types which are primarily made up of unifacially retouched flakes are discussed here,
since unifacially retouched artefacts are the subject of this thesis^. The artefacts within
these types were not exclusively made up of retouched flakes: one of Garrod's illustrated
racloirs was found to be a core (Garrod and Bate 1937, plate XLll specimen 13). Garrod's
typology is constructed largely independently of whether artefacts are cores, flakes or
retouched flakes:, as evidenced by the fact some burins are cited as being made from
Levallois cores (Garrod and Bate 1937: 73) The configuration of retouch scars is also not
a strict criterion for inclusion in the types discussed in this chapter: several artefacts
assigned to these types were bifacially retouched (Garrod and

Bate

1937: 48).

Nonetheless, the majority of the artefacts making up the following types are unifacially
retouched flakes.

A number of terms needing definition will be used in the following discussion:

Axis of flaking (Debenath and Dibble 1994: 17): The axis of flaking, sometimes known as
the axis of percussion, is defined as the axis running through the centre of the bulb of force
(in the case of a complete, Hertzian-initiated flake), or the centre of the platform (in the
case of a complete, bending-initiated flake), or the centre of the transverse snap (in the case
of a distal fragment of a flake), at right angles to the platform surface (or break surface in
the case of a distal fragment).

Margin: Any flake or flake fragment has three margins, these being the outer edges of the
flake in plan view. The proximal margin is the platform surface in the case of a complete
flake, longitudinal fragment or proximal fragment. In the case of a distal fragment or a

^ The classification o f burins and unretouciied artefacts is d i s c u s s e d in A p p e n d i x D.

medial fragment, the proximal margin is the transverse snap surface at the proximal end of
the fragment. The other two margins are the left margin and the right margin. The left
margin begins at the left end of the proximal margin (while looking at the dorsal surface of
the flake), and ends at the point on the flake which is furthest away from the initiation
point (in the case of a complete flake, or a fragment on which the initiation point is
present) or which is furthest away from the centre of the proximal margin (in the case of a
fragment on which the initiation point is not present. In this thesis, the left margin and
right margin will also be referred to as the two sides of the artefact, as this is more
consistent with Garrod's classification of retouched implements as "one sided" or "two
sided" (see explanation of retouched artefact types below).

Axis of retoucii: This axis is a line running through the longest section of continuouslyretouched margin, from one end of the retouched section to the other. If two margins are
retouched, and the two retouched margin sections intersect, then the longer of the two
sections of retouched margins is used to determine the axis of retouch.

The following discussion is a description of types used to classify implements from Tabun
and Mugharet el-Wad.

Major scraper classes

Garrod used a number of major classes to group similar artefact types together.

In

particular, she grouped different scraper types together as end bulb scrapers, oblique
bulb scrapers and side bulb scrapers. These groupings can be thought of as classes of
scraper, each of which incudes multiple different types.

End-bulb scrapers:

These are artefacts with one or more long sections of retouched

margin, the largest of which runs roughly parallel to the axis of flaking. In other words,
the axis of flaking and the axis of retouch are roughly parallel. These artefacts are usually
longer than they are wide. Retouch can be on one or both margins, and can extend around
the distal end of the artefact or not. (Figures 6.1 - 6.8)

Oblique bulb scrapers: These are artefacts on which the longest section of retouched
margin which runs at an angle or more than 20 degrees but not more than 70 degrees to the
axis of flaking. The axis of retouch therefore lies obliquely to the axis of flaking. Again,
retouch can be on one or both margins, and can extend around the distal end of the artefact
or not. (Figures 6.9 - 6.15)

Side bulb scrapers:

These are artefacts with one or more long sections of retouched

margin, in which the axis of retouch lies at an angle of more than 70 degrees to the axis of
flaking. In other words, the major retouched edge lies opposite the platform of the flake
(or the snap surface in the case of a distal fragment), and roughly parallel to this surface.
Again, retouch can be on one or both margins, and can extend around the distal end of the
artefact or not. (Figure 6.16)

When illustrating these artefacts, Garrod used the convention (followed in the illustrations
included in this chapter) of orienting the artefacts so that the major retouched margin lay
vertical on the page. Viewing the artefacts in this way makes the distinction between the
three classes of scraper clear: in the case of end bulb scrapers, the bulb will lie at the lower
edge of the artefact, and the platform surface will be roughly horizontal.

Oblique bulb

scrapers will have their platforms oriented diagonally, while side bulb scrapers will have
their platform surfaces oriented vertically.

In the artefact illustrations included in this

chapter, an arrow is used to indicate the position, and orientation, of the bulb on each
artefact's ventral surface. It should be noted that these artefacts can also be made on distal
fragments, which have no platform surface or bulb. In this case, it is the orientation of the
proximal margin (that is, the snap surface) which will differ according to scraper class.

Within the first two classes (end bulb and oblique bulb scrapers), Garrod defined a number
of individual types.

The differences between these types are discussed in detail in

Appendix D. The division of each major class into individual types was done using the
configuration of the retouched margin or margins.

Criteria concerning the number of

sections of retouch, whether the retouch extended around the distal end of the artefact or
not, and the angle at which different retouched margins converged with one another were
used to define the individual types (Table 6.1).

Table 6.1. Criteria used to define types within the classes of end bulb and oblique bulb scrapers.
Scraper type
End bulb scraper
End bulb scraper
End bulb scraper
End bulb scraper
End bulb scraper
End bulb scraper
retouch
End bulb scraper

one side
double side
pointed
acute angled
right angled
all-round
square ended

End bulb scraper oblique
ended
Oblique
Oblique
side
Oblique
Oblique
angled
Oblique
angled
Oblique

Defining criterion
One retouched margin only
Separate areas of retouch on both margins
Retouched margins converge in a point
Retouched margins converge at an acute angle
Retouched margins converge at a right angle
Retouch extends around all margins excluding
platform
Retouch on both margins and distal end, which is
oriented square with platform
Retouch on distal end oriented obliquely to
platform

Figure
6.1
6.2
6.3
6.7
6.8
6.6
6.4
6.5

bulb scraper
bulb scraper double

One retouched margin only
Retouch on both margins, which does not meet

6.9
6.10

bulb scraper pointed
bulb scraper acute

Retouched margins converge in a point
Retouched margins converge at an acute angle

6.11
6.12

bulb scraper right-

Retouched margins converge at a right angle

6.13

bulb scraper elliptical

Retouch on both margins, forms a continuous
curved edge

6.15

In addition to these three main classes, Garrod d e f i n e d a n u m b e r of other scraper types:

S t e e p Scraper:

These artefacts correspond to the Bordesian "Abrupt scraper" ( D e b e n a t h

and Dibble 1994:84).

Retouch is steep and the retouch scars are f r e q u e n t l y stepped or

hinged. T h e location of the retouch on the artefact's edges, and the length of e d g e w h i c h is
retouched are both irrelevant w h e n classifying an artefact into this type. T h e nature of the
retouch, being steep and with frequent abrupt terminations, is the diagnostic feature w h i c h
d e f i n e s the type. (Figures 6.19 and 6.23)

E n d scraper: R e t o u c h occurs on either end (proximal or distal) of the artefact, f o r m i n g a
c o n t i n u o s retouched e d g e w h i c h is roughly perpendicular to the axis of

flaking.

An end-

scraper is a l w a y s m a d e on a blank w h i c h is longer than it is wide. E n d scrapers m a y h a v e
retouch on other parts of the edge as well as the end (Garrod and Bate 1937: 42). T h e r e is
a potential for a m b i g u i t y b e t w e e n this type and "End b u l b scrapers square e n d e d " , since
both are d e f i n e d by a retouched m a r g i n occurring on the end of the artefact, and e n d -

scrapers can have a continuous axis of retouch extending down one or both margins, as
occurs on End bulb scrapers. Garrod states that many of the end scrapers at Tabun were
produced on blades (Garrod and Bate 1937: 71 - 88), and all of her illustrations of this type
from Tabun appear to have been produced from blades (Plate XL no. 4; plate XLI nos. 3, 4
and 5; plate XLV no. 4). End scrapers can also be produced on flakes, however (Garrod
and Bate 1937: 42, 51), and so this type is not a member of the "blade like" category of
implement types (discussed below). (Figures 6.17 and 6.25)

Oblique ended scraper: Like the End scraper, these artefacts have a retouched margin
on the proximal or distal end. This retouched margin lies at an oblique angle to the axis of
flaking: for the purposes of this study, the angle was considered oblique if it was less than
70 degrees. Unlike End scrapers, however, Oblique ended scrapers cannot have retouch
present on either their right or left margins - the only area of the artefact's margin which is
retouched is the end. (Figure 6.18)

Nose scraper: A nose scraper has retouch on both margins, and the retouch converges at
the distal or proximal end of the flake. At the end where the retouched margins converge,
the retouch forms a continuous curved edge.

Often, there are slight concavities in the

margin on either side of this area, making the "nose" where the margins converge more
prominent. (Figures 6.20 and 6.26)

Round scraper: These scrapers are either retouched on both margins to create a plan view
which is round or elliptical, or have a mixture of retouched and unretouched margins
which together create a plan view which is round or elliptical (Garrod and Bate 1937: 42,
80). (Figure 6.24)

Flake scraper: The category of flake scraper appears to have been used by Garrod to
encompass scrapers which do not fall into any other category. They are described at one
point as "flakes with scraper retouch round some part of the edge" (Garrod and Bate 1937:
32, see also 42, 45, 51). Garrod and Bate's descriptions and illustrations do not indicate
any distinctive characteristics shared by artefacts within this type. This category is taken
to encompass any flake which has at least one continuous portion of its margin retouched,
but on which the location of the retouched edge (or edges) does not qualify it for any of the
other scraper categories used. It is important to note that Garrod only used this category at

Mugharet el-Wad: at Tabun, the category of Scraper, various is used as the equivalent of
Flake scraper. (Figure 6.27)

Notched flake: A notched flake has one or more notches on its margins.

A notch is

formed either by a single retouch scar, or multiple retouch scars, which form a concavity in
the margin (when viewed in plan). An artefact is classified as a notched flake only if it
does not fall into any of the three major scraper classes. If an artefact is notched, but has
characteristics of any of the three major scraper classes, it is classified into those classes,
and not as a notched flake. (Figures 6.21 and 6.28)

Flake with nibbled retouch: This category uses the size and angle of the retouch scars
themselves as its criteria, while the location of the retouch scars on the margins of the
artefact is largely irrelevant.

Artefacts fell into this category if the retouch scars were

small relative to the thickness of the flake, and if the retouch scars create a high edge angle
on the retouched margin. Retouch is comprised of flake scars which are extremely noninvasive (see Clarkson 2002b). Garrod described these artefacts as having "one or both
edges blunted by ... fine, vertical nibbled retouch" (Garrod and Bate 1937: 81).

Point: Retouch is present on both margins, and converges at one end of the artefact in an
acute point. Both margins of the artefact are roughly the same length, making the artefact
symmetrical around the axis of flaking. There is ambiguity between this type and "End
bulb scrapers pointed", artefacts in this type can be similarly symmetrical.

Blade-like artefacts

The following types are discussed by Garrod as "blade like", as they are both produced on
blanks which are presumed to have been blades.

Clearly, it is difficult to accurately

identify which blanks were originally blades after they have been retouched, as retouch can
alter the artefact's width and length, and whether the margins are parallel or not.

The

classification of artefacts as "blade like" is based on some or all of the following
characteristics: being long and narrow, relatively thin, with roughly parallel margins and
dorsal ridges running parallel to the axis of fiaking.

Chatelperron point: Retouch is present on one margin only, and extends to the distal end
of the artefact. At the distal end it converges with the opposite, unretouched, margin to
form an acute angle. Based on Garrod's illustrated specimens, the angle of convergence is
required to be less than 80 degrees.
Blade with nibbled retouch: Retouch is comprised of flake scars which are very small
(less than 3mm long) and non-invasive (see Clarkson 2002b). Often, the retouch scars are
snap fractures which have broken off the original edge of the blank leaving a high-angled
edge. The retouch scars can be non-continuous, or can overlap one another to form a
continuous length of retouched margin. This type is similar to flakes with nibbled
retouch, other than being made on blanks which are assumed to be blades. (Figures 6.22
and 6.29)
Other categories
The majority of types used by Garrod use criteria which involve clusters of retouch scars,
which create one or more continuous portions of retouched margin. Artefacts on which
retouch scars occur singly, or in very small clusters which do not form a continuous
retouched edge, will not fall into any of these categories. The two exceptions are Notched
flakes, and Blades with nibbled retouch, which can have retouch flake scars which are
not clustered together.
For other retouched artefacts which did not have clusters of retouch scars forming
continuous retouched edges, Garrod used two types which encompass any miscellaneous
retouched flakes. At Mugharet el-Wad, these artefacts were listed under the title of
Various (not to be confused with scrapers, various discussed above), which are described
at numerous points in the textual description as being "variously retouched flakes and
fragments" (Garrod and Bate 1937: 43, also 34, 45, 47). At Tabun, these artefacts were
listed under Retouched and utilized flakes and fragments. Garrod described this
category in reference to the material from the E layers: "As in all stone industries, there is a
residue of implements which are retouched in various ways, but cannot be placed in any
well-defined category" (Garrod and Bate 1937: 80). Both of these categories can be

viewed as being designed to encompass retouched artefacts which did not fall into any
other type.

Discussion: Garrod's typology and sampling bias

The typological system employed by Dorothy Garrod to classify the artefacts from Tabun
and Mugharet el-Wad is a comprehensive one, into which could encompass all unifacially
retouched flakes.

There are no obvious gaps which could lead to groups of retouched

flakes being omitted from Garrod's inventory of artefacts from the excavations.

The

comprehensive nature of the typology is important for evaluating potential sampling biases
in the museum collection. When selecting material to be kept from the two sites, it is clear
that Garrod preferentially selected artefacts which fell into one of her typological
categories, while unretouched flakes and blades were often left at the site (Garrod and Bate
1937).

Aside from this bias in the material collected, the comprehensive nature of the

typological system used to classify retouched artefacts does not indicate that any group of
unifacially retouched artefacts would necessarily be omitted from the process of selecting
material to be included in museum collections. On this basis, it is possible that Garrod's
museum collection is an accurate representation of the variability in morphology of
unifacially retouched artefacts across the two sites.

Despite the fact that there is no immediate reason to suppose any biases in artefact
morphology have been created by Garrod's sampling method, it is of course unwise to
discount this possibility altogether. If artefacts from each type were collected because of
their morphological closeness to an ideal "type specimen", then any multi-modality in
artefact variability could be exaggerated by the clustering of the sampled population
around each type's ideal form.

It is possible that such a sampling strategy could even

create a multi-modal sample out of a continuous and uni-modal population. Whether the
sampling of artefacts simply exaggerates multi-modality in artefact morphology, or creates
multi-modality, the outcome is a sample in which the variability of artefact morphology is
not an accurate representation of the original population. Although it is beyond the scope
of this project to evaluate whether this process of biasing has occurred, we can evaluate

whether this potential bias creates problems for the following analysis. This can be done
by examining the criteria which Garrod used to define different implement types.

Garrod's

main

criteria

for discriminating

between

implement

types

involve

the

configuration of retouched edges relative to an artefact's axis of flaking, and the shape of
the artefact in plan view.

The distinction between oblique bulb scrapers, end bulb

scrapers and side bulb scrapers is made based on the orientation of the major axis of
retouch to the axis of flaking. Within these categories, boundaries between types are made
based on the number of margins which are retouched, whether there are multiple stretches
of retouched margin, and the angle at which two retouched margins converge.

It is

important to note that the overall size, and dimensions of the artefact are irrelevant to
classification, as is the morphology of the retouch scars themselves.

For example,

steepness of retouch and the frequency of stepped or hinged retouch scars is not used as a
criteria for classification. Most of the other types use the location of retouch, and the plan
view of the retouched edge as defining criteria: round scrapers, nose scrapers, oblique
ended scrapers, end scrapers and points are defined entirely by the location and shape of
the retouched edge in plan view. The definition of all of these types is independent of the
size and dimensions of the artefact, and independent of the morphology of the individual
retouch scars on the artefact. A number of other types are, by contrast, defined using these
characteristics.

The morphology of the retouch scars themselves is used to define a number of types.
Flakes and blades with nibbled retouch, notched flakes, and steep scrapers use the
morphology of retouch scars as defining characteristics.

The size of the scars, notches

created by scars, the steepness of scars, and the frequency of step and hinge terminated
scars are used as key identifiers of these types. The location of retouch on these artefacts'
margins, and the shape of the artefacts in plan view is unimportant for their classification.

The "blade like artefacts" are another group of implement types which are defined by
characteristics other than the location of retouched edges. For inclusion in these types, the
overall morphology of the artefact is important, particularly the thickness and elongation of
the artefact and the presence of one or more longitudinal dorsal ridges.

The two types

included within this group are the only types which use these morphological characteristics
as defining criteria. Both types also use characteristics of the retouched edge: the location

of the retouched edge is used to define Chatelperron points, while the morphology of the
retouch scars are used to define blades with nibbled retouch. Chatelperron points, in
common with the majority of implement types, are also classified based on the overall
shape of the artefact in plan view: the retouched margin must converge with the
unretouched margin to form an acute-angled point.
Any bias created in the collected artefacts which comes about through exaggerations of
multi-modalities or discontinuities in artefact morphology are likely to operate for the
criteria which define the different implement types. If such biases were created by
Garrod's selection of artefacts, in most cases these biases would operate primarily in terms
of the location of retouched edges, and on the shapes of artefacts in plan view. This is a
consequence of the fact that these characteristics are used to define the majority of
implement types. Although biases in the variability of these characteristics could exist
within the artefacts from these implement types, there is no reason to think that this bias
would affect other, independent morphological characteristics. For example, although data
concerning the orientation of retouched edges could be skewed by the selection process, a
characteristic such as the thickness of the artefact will be unaffected. Even if, for example,
the sample of oblique bulb scrapers have all been selected to have the same angle of
retouch, thus creating a clustering of this measurement which did not exist in the original
population, the distribution of artefact thicknesses will be equivalent between the overall
population and the sample taken. This conclusion is based on the reasonable assumption
that the two characteristics are independent in their distributions: in other words, that the
angle of retouch does not co-vary with artefact thickness. To guard against potential biases
in the data, we only need to be wary of the characteristics used to define the different
implement types. Analyses which use measurements of these characteristics will
occasionally be undertaken, and when this happens the potential bias of data must be kept
in mind.
As seen from the overview of Garrod's typological system, a small number of implement
types are defined using a different sets of characteristics. Although the majority of types
are classified using the location and orientation of retouched edges, and the shape of
artefacts in plan view, a number of types use different characteristics, and accordingly the
measurements which could be affected by sampling bias are different. Guarding against
biases in the data from Garrod's museum collection is therefore not a simple matter of

identifying a number of key measurements which are suspect.

The measurements and

analyses affected by any bias in the data will vary based on the implements being
measured.

The analyses in this chapter were carried out in knowledge of this, and the

effect of biases on the results of these analyses will be noted and discussed accordingly.

Figure 6.1. End bulb scrapers one sided, from Tabun^

^ All artefacts illustrated are drawn at a scale of 1:1.
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Figure 6.2. End bulb scrapers double sided, from Tabun.

M

M

Figure 6.3. End bulb scrapers pointed, from Tabun.

Figure 6.4. End bulb scrapers square ended, from Tabun.

f•
Figure 6.5. End bulb scrapers oblique ended, from Tabun.

Figure 6.6. End bulb scraper all-round retouch, from Tabun.

Figure 6.7. End bulb scrapers acute angled, from Tabun.

Figure 6.8. End bulb scrapers right-angled, from Tabun.

Figure 6.9. Oblique bulb scrapers, from Tabun.

Figure 6.10. Oblique bulb scrapers double sided, from Tabun.

Figure 6.11. Oblique bulb scrapers pointed, from Tabun.

Figure 6.12. Oblique bulb scrapers acute angled, from Tabun.

Figure 6.13. Oblique bulb scrapers right angled, from Tabun.

Figure 6.14. Oblique bulb scrapers obtuse angled, from Tabun.

Figure 6.15. Oblique bulb scraper elliptical, from Tabun.

Figure 6.16. Side bulb scrapers, from Tabun.

Figure 6.17. End scrapers, from Tabun.

Figure 6.18. Oblique ended scrapers, from Tabun.

Figure 6.19. Steep scrapers, from Tabun.

Figure 6.20. Nose scraper, from Tabun.

Figure 6.21. Notched flakes, from Tabun.

Figure 6.22. Blades with nibbled retoucii, from Tabun

Figure 6.23. Steep scraper, from Mugharet el-Wad.

Figure 6.24. Round scrapers, from Mugharet el-Wad.
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Figure 6.25. End scrapers, from Mugharet el-Wad.

Figure 6.26. Nose scrapers, from Mugharet el-Wad

Figure 6.27. Flake scrapers, from Mugharet el-Wad

Figure 6.28. Notched flakes ( 1 , 2 ) and notched blade (3), from Mugharet el-Wad

h';

Figure 6.29. Blades with nibbled retoucii (1,2,3,4), and blunted back blade (5), from El-Wad

Pooling data between implement types

The first step in the analysis of the material from Mount Carmel is testing whether there
are significant differences between the different implement types within each layer (and
within each industry type), or whether data from different implement types can be pooled
together to assist with the comparison of material between layers.

The majority of the

morphological characteristics investigated in this preliminary phase of analysis will be the
same as those used in the later inter-layer comparisons in chapters 7 and 8.

These

characteristics fall into two categories: variables relating to artefact size, and variables
relating to retouch characteristics (Table 6.2). For each of the three industries at Mount
Carmel (Acheulean, Levalloiso-Mousterian and Aurignacian), one layer is chosen for
analysis, and differences between implement types regarding these measurements are
tested.

Table 6.2. Measurements used in tests for differences between implement types.
1. Artefact size measurements
Weight
Thickness
Platform thickness
Platform width
Platform elongation

2. Retouch measurements"
The General Index of Unifacial Reduction (GIUR)
Retouch angle
Retouch thickness
Maximum segment thickness
Spine plane angle

All comparisons between implement types were carried out using Analysis of Variance
(ANOVA), and Kruskal-Wallis tests. A N O V A was used when the distributions of each
group were parametric, and when the variences of the different groups were found to be
equivalent by a Levene Test. When either of these assumptions was found to be invalid, a
Kruskal-Wallis test was used instead, as this test is non-parametric and does not assume
equivalence of variences between groups.

All analyses carried out in this chapter use only complete artefacts, unless specified
otherwise.

All retouch measurements are taken on each retouched segment - see Appendix C.

Differences between Acheulean artefacts from Tabun layer Eb

The unifacially retouched implements from Tabun Eb, in common with all the Acheulean
layers from Tabun Cave, are dominated by the three major scraper classes - end bulb
scrapers, oblique bulb scrapers, and side bulb scrapers (Figure 6.30). Other scrapers from
layer Eb were dominated by steep scrapers and scrapers, various (the miscellaneous
scraper category). In assessing differences between the separate types, each of the major
scraper classes will first be analysed separately, and other scrapers will be analysed as a
separate group. The different classes will then be compared to assess whether all scrapers
can be pooled together for subsequent analysis.
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Figure 6.30. Count by implement type o f all unifacially retouched implements excavated from
Tabun layer Eb. After Garrod and Bate ( 1 9 3 7 ) .

Comparisons between the different types of end bulb scraper show no significant
differences existing for any of the variables analysed. ANOVA for variables of artefact

size (Table 6.3) showed no significant differences exist between different types. In the
case of the retouch variables, ANOVA showed significant differences (<0.05) for only one
of the variables (Retouch angle), with all other variables showing no significant differences
between End bulb scraper types (Table 6.4). A post-hoc test was performed (Bonferroni
comparison) to explore the differences between the scraper types in greater detail. A posthoc test carries out pairwise comparisons between all of the different types, to explore
where significant differences between the types lie. This test showed no significant
differences between scraper types in terms of average retouch angle (Appendix E). The
non-significant results obtained from the Bonferroni comparison are a reliable indicator
that no significant differences exist between End bulb scrapers according to retouch
characteristics, despite the fact that two of the variables returned significant ANOVA
results.
Table 6.3. Between-groups comparison of end bulb scrapers from Tabun Eb, according to artefact
size variables.
KruskalLevene
ANOVA
Wallis
test
MS
F
d.f.
SS
Sig.
Sig.
Sig.
.576
7
6320.818
902.974 .740
.638
Weight
.089
176.144
25.163
1.472 .179
Thickness
7
.319
7
146.178
20.883
.985
.444
Platform thickness
.512
441.997
63.142
.521
7
.818
Platform width
.045
7
N.A.
.757
Platform elongation
Table 6.4. Between groups comparison
segment retouch variables.
Levene
test
Sig.
d.f.
.080
7
Average GIUR
Average retouch
7
.893
angle
Average retouch
.006
thickness
Average maximum .221
7
thickness
Average spine
7
.093
plane angle

of end bulb scraper types from Tabun Eb, according to
ANOVA
ss

.354
1148.543

MS
.051
164.078

F
1.456
2.140

Sig.
.186

KruskalWallis
Sig.

.042*

N.A.
225.732

32.247

1.097

.367

815.507

116.501

1.157

.330

.110

* Post-hoc Bonferroni comparisons s lowed no significant differences between types.

Oblique bulb scrapers also showed no significant differences between types for the
variables analysed.

Artefact size variables (Table 6.5), and segment retouch variables

(Table 6.6) show no differences between any of the individual types of oblique bulb
scraper.

As with end bulb scrapers, these data show that the samples analysed can be

pooled together in subsequent analyses.

Table 6.5. Between-groups comparison of oblique bulb scraper types from Tabun Eb, according to
artefact size variables.
Levene
test
d.f

KruskalWallis

ANOVA
d.f

SS

M S

F

Sig.
.697

Weight

.802

3

.481

.835

3

1774.253
28.289

591.418

Thickness
Platform thickness

9.430

.402

.752

.582

3

118.190

39.397

1.621

.196

Platform width

.023
.309

Platform elongation

N.A.
3

7.563

2.521

.788

.849

.506

Table 6.6. Between-groups comparison of oblique bulb scraper types from Tabun Eb, according to
segment retouch variables.
Levene
test

Average GIUR
Average retouch
angle
Average retouch
thickness
Average maximum
thickness
Average spine plane
angle

KruskalWallis

ANOVA

Sig.

d.f

SS

M S

F

Sig.

.053

3

.053

.018

.546

.653

.719

3

54.224

18.075

.208

.891

.939

3

43.795

14.598

.722

.544

.824

3

29.690

9.897

.528

.665

.005

N.A.

Sig.

.208

Side bulb scrapers are the third main category of scrapers in the Tabun assemblage, and
this category is comprised of only one type. Because of this, there was no need to run any
tests examining differences between types for this category.

The fourth category of scrapers in Tabun Eb is comprised of all the scrapers which do not
fall under the categories of end bulb, oblique bulb or side bulb scrapers.
included are end scrapers, steep scrapers and scrapers, various.

The types

Comparisons between

types showed that significant differences do exist for the measurements of thickness and
platform width (Table 6.7); and GIUR, retouch thickness and maximum segment thickness
(Table 6.8).
Table 6.7. Between-groups comparison of other scrapers from Tabun Eb, according to artefact size
variables.

Weight
Thickness
Platform thickness
Platform width
Platform elongation

Levene
test
Sig.

.217
.148
.106
.034
.468

Sig.

KruskalWallis
Sig.

N.A.

0.028

ANOVA
df

2
2
2
2
2

s s
1544.056
538.250
44.998

772.028
269.125
22.499

.965 .393
12.798 <.001
2.123 .162

18.455

9.228

3.058

MS

F

.084

Table 6.8. Between-groups comparisons of other scrapers from Tabun Eb, according to segment
retouch variables.
Levene test ANOVA
Average
Average
Average
Average
Average

GIUR
retouch angle
retouch thickness
maximum thickness
spine plane angle

Sig.
.446
.463
.060
.094
.702

d.f S S
2
.414
2
97.065
2
456.373
2
395.345
2
31.710

MS
.207
48.532
228.186
197.673
15.855

F
9.874
.585
13.07
4
6.935
.082

Sig.

.001
.564

<.001
.004
.921

Pairwise comparisons of these measurements were carried out to explore which specific
comparison of scraper types showed significant differences to exist. For the parametric
variables, Bonferoni comparisons were performed. For platform width, an equivalent nonparametric test, the Mann-Whitney comparison, was used. These pairwise comparisons
revealed that differences only occurred when end scrapers were compared with other
scraper types (Table 6.9). These results indicate that the other two types (steep scrapers
and scrapers, various) can be pooled together as a single group, but that end scrapers
cannot be pooled with them, and must remain as a separate group for further analyses. End
scrapers were far less numerous in Tabun layer Eb than steep scrapers or scrapers, various
(Figure 6.30). They are therefore a small but morphologically distinct group within the
scraper population from this layer.

Table 6.9. Significance values from pairwise comparisons between scraper types from Tabun Eb
according to variables which showed significant differences.

Thickness

Average
GIUR

Average retouch
thickness

Average maximum
thickness

MannWhitney
Platform
width

.084

1.000

.618

1.000

.180

.027

.006

.004

.045

.027

<.001

.001

<.001

.004

.461

Bonferroni

Steep scraper vs
Scraper, various
End scraper vs
Scraper, various
Steep scraper vs
End scraper

So far, the artefact types within the three major scraper classes, and the types which do not
fall within these classes, have been analysed for differences. These analyses have shown
that end bulb scrapers can be pooled together, as can oblique bulb scrapers.

Scrapers

which do not fall within the three major classes cannot simply be pooled together, as they
show differences for a number of variables. The next step in this preliminary analysis is to
explore whether the three major scraper classes, and scrapers belonging to the "other"
scraper types, are significantly different from each other in terms of these variables, and
consequently whether they can be pooled together for later analyses looking at differences
between layers and between Tabun and Mugharet el-Wad.

The following analyses

compare the following groups: end bulb scrapers, oblique bulb scrapers, side bulb
scrapers, and other scrapers.

For brevity, these groups are referred to as "scraper

categories". For the purposes of these analyses, end scrapers have been excluded from the
"other scrapers" category, so that steep scrapers and scrapers, various could be pooled
together.

The "other scrapers" category has been omitted entirely from comparisons

involving platform width, as this category is too internally divided with respect to this
variable to be pooled together.

The different artefact categories showed significant differences with regard to several of
the artefact size variables analysed (Table 6.10).
equivalent in terms of artefact weight.

The different categories were only

Pairwise comparisons (Bonferroni and Mann-

Whitney) were carried out to identify if any these significant results were created by any
one single category. Pairwise comparisons showed that all observed differences in artefact
size variables occur when comparing end bulb scrapers to the other categories (Table

6.11).

The problem of pooling the different categories together can be overcome,

therefore, if end bulb scrapers are not pooled with other types.

Table 6.10. Between-groups comparison of the scraper categories of Tabun Eb, according to
artefact size variables.
Levene
test

KruskalWallis

ANOVA

F
Sig.
df
ss
MS
Sig.
Sig.
Weight
.558
192.664
.142
.935
3
577.992
Thickness
.104
98.622
5.160
.002
3
295.866
Platform thickness
.287
3.721
3
249.796
83.265
.012
Platform width *
.034
N.A.
<.001
3
Platform elongation
.062
12.537
4.888
.002
3
37.611
The group "other scrapers" has been omitted from this analysis, due to its internal variability.

Table 6.11. Significance values obtained from pairwise comparisons of scraper categories
according to artefact size variables.
Bonferroni
Thickness
End bulb scraper vs
Oblique bulb scraper
End bulb scraper vs
Side bulb scraper
End bulb scraper vs
Other scraper
Oblique bulb scraper vs
Side bulb scraper
Oblique bulb scraper vs
Other scraper
Side bulb scraper vs
Other scraper

Mann-Whitney
Platform width

.690

Platform
thickness
.080

Platform
elongation
.016

<.001

1.000

.043

.039

<•001

.001

1.000

1.000

1.000

1.000

1.000

.075

1.000

1.000

.117

1.000

1.000

.226

Several of the retouch variables also showed significant differences between scraper
categories (Table 6.12).

Pairwise comparisons showed that differences occurred in

comparisons involving end bulb scrapers or side bulb scrapers (Table 6.13).

Average

GIUR showed a larger number of significantly different comparisons compared with other
variables. These results indicate that while the different scraper categories are relatively
homogenous in terms of artefact size variables, they are more varied when it comes to
retouch variables. For analyses involving retouch variables, it seems sensible to keep end
bulb scrapers and side bulb scrapers as separate groups, and not pool them together with

the other two scraper categories. It is important to note that end bulb scrapers and side
bulb scrapers did not show any differences in pairwise comparisons for any of the retouch
characteristics, indicating that these two categories could be pooled into a single group for
analyses involving these retouch characters.

Table 6.12. Between-groups comparison of scraper categories from Tabun Eb, according to
segment retouch variables.
Levene
test

.046
.782

df
3
3

984.610

328.203

4.126

.007

.213

3

320.758

106.919

6.940

<.001

.388

3

171.256

57.085

2.127

.097

.099

3

568.178

189.393

1.714

.164

Sig.
Average GIUR
Average retouch angle
Average retouch
thickness
Average maximum
thickness
Average spine plane
angle

KruskalWallis

ANOVA

ss

M S

F

Sig.
N.A.

Sig.

.001

Table 6.13. Significance values obtained from pairwise comparisons of scraper categories from
Tabun Eb, according to segment retouch variables.

End bulb scraper vs
Oblique bulb scraper
End bulb scraper vs
Side bulb scraper
End bulb scraper vs
Other scraper
Oblique bulb scraper vs
Side bulb scraper
Oblique bulb scraper vs
Other scraper
Side bulb scraper vs
Other scraper

Bonferroni
Average retouch
angle
.638

Average retouch
thickness
.091

1.000

1.000

.740

.051

<.001

.009

.128

1.000

.015

.778

.086

.761

.012

.014

.009

Mann-Whitney
Average GIUR

.001

Differences between Levalloiso-Mousterian artefacts from Tabun layer C

The excavated population of unifacially retouched artefacts from Tabun layer C was
dominated by end bulb scrapers and points (Figure 6.31). Other scraper types made up a
very small proportion of the artefacts recovered.

The following analyses test for

differences between scraper types (all types included in Figure 6.31 apart from points), to
determine whether these artefacts can be pooled together for subsequent analyses.

300-

200-

c
3
O
o

100-

End bulb
scraper oneside

End bulb
scraper
double-side

-1———I—

Side bulb
scraper

r

Steep scraper End scraper

Scrapers
various

Fbint

Figure 6.31. Count of unifacial artefacts by type excavated from Tabun layer C. After Garrod and
Bate (1937).

The scrapers from Tabun layer C showed no significant differences in any of the artefact
size variables (Table 6.14) or retouch variables (Table 6.15).

The lack of difference

between types enables all of the scrapers from this layer to be pooled together for
subsequent analyses.

Table 6.14. Between-groups comparison of all scrapers from Tabun C, according to artefact size
variables.
Levene
test

KruskalWallis

ANOVA

Sig.

df

SS

M S

F

Sig.

41.781
2.431

.068

.934

Weight

.648

2

83.561

Thickness

.288

2

4.862

Platform thickness

.019

2

Platform width

.498

2

47.348

23.674

.290

.752

Platform elongation

.088

2

27.798

13.899

1.359

.285

.199

Sig.

.822
N.A.

.602

Table 615. Between-groups comparisons of all scrapers from Tabun C, according to segment
retouch variables.
Levene
test

ANOVA

Sig.

d.f

S S

M S

F

Sig.
.122

Average GIUR

.337

.050

2.456

.535

2
2

.099

Average retouch angle

74.792

37.396

1.052

.375

Average retouch thickness

.340

2

15.921

7.960

1.042

.378

Average maximum thickness

.380

22.052

2198

.148

.186

2
2

44.103

Average spine plane angle

76.163

38.082

.830

.456

Differences between Levalloiso-Mousterian artefacts from Mugharet elWad layer G

Although the Levalloiso-Mousterian assemblage from Tabun layer C has already been
tested for differences between scraper types, this section will perform the same tests on an
assemblage of the same industry type from Mugharet el-Wad.

Although assemblages

from both sites were classified by Garrod and Bate (1937) as Levalloiso-Mousterian, it is
prudent to test the assumption that the patterns of variability observed in Tabun's layer C
will be replicated in the Levalloiso-Mousterian layers at Mugharet el-Wad. The fact that
layers F and G at el-Wad were later re-classified as Emiran rather than LevalloisoMousterian (Garrod 1951) makes it prudent to test whether these assemblages replicate the
patterns of variability observed in Tabun layer C.

Tests revealed that, as with the Levalloiso-Mousterian assemblage from Tabun, the scraper
types in Mugharet el-Wad layer G showed no significant differences with regard to artefact
size variables (Table 6.16), or retouch variables (Table 6.17).

These data support the

conclusion of the previous section, that the different scraper types within the LevalloisoMousterian assemblages at Mount Carmel can be pooled together as a single group for
subsequent analyses.

Table 6.16. Between-groups comparison of all scrapers from Mugharet el-Wad layer G, according
to artefact size variables.
Levene
test

Weight
Thickness
Platform thickness
Platform width
Platform elongation

KruskalWallis

ANOVA

Sig.

df

s s

MS

F

Sig.

.502
.025
.158
.037
.088

10
10
10
10
10

2470.263

247.026

1.056

39.552

3.955

.559

29.605

2.961

.912

.414
N.A.
.837
N.A.
.531

Sig.
.162
.745

Table 6.17. Between-groups comparisons of all scrapers from Mugharet el-Wad layer G, according
to segment retouch variables.
Levene
test

Average
Average
Average
Average
Average

GIUR
retouch angle
retouch thickness
maximum thickness
spine plane angle

ANOVA

Sig.

d.f.

ss

M S

F

Sig.

.145
.222
.680
.250
.224

10
10
10
10
10

.154
752.898
13.364
58.491
524.162

.015
250.966
1.336
5.849
52.416

.576
1.897
.314
1.301
.994

.825
.141
.973
.259
.462

Differences between Aurignacian artefacts, Mugharet el-Wad layer D

Mugharet el-Wad had two layers which Garrod designated as "Middle Aurignacian" in
their industry type. These were layers D and E. Layer D, as the larger of the layers, has
been chosen for this preliminary analysis. Layer D was separated into two assemblages by
Garrod, which she labelled D1 and D2.

These assemblages were not separated on

stratigraphic grounds (Garrod and Bate 1937: 20) and both contain the same scraper types,
so it seems safe to pool them together into one unit for this analysis. Garrod's separation of
the two assemblages was made solely on the grounds that D1 had a greater proportion of
steep scrapers and nose scrapers, and a lower proportion of burins than D2 (Garrod and
Bate 1937: 46).

The unifacially retouched artefacts excavated from Mugharet el-Wad

layer D were predominantly steep scrapers, with nose scrapers, end scrapers and flake
scrapers also constituting a sizeable part of the assemblage (Figure 6.32).

As with the

Levalloiso-Mousterian layers, the typology used to classify scrapers involves fewer types
than were used in the Acheulean layers of Tabun.

1,600-

1.400-

I
• •
I
• •
I
•
Sleep scraper Nose scraper End-scraper Rake-scraper

^

^
Round

•
I
'
fslotched flake

•

I

Roint

Figure 6.32. Count of unifacially retouched artefacts, by type, excavated from Mugharet el-Wad
layer D. After Garrod and Bate (1937)

The scraper types from layer D showed no significant differences in terms of artefact size
variables (Table 6.18), and all retouch variables (Table 6.19). These results show that the
scrapers from layer D can be pooled together for as a single group for subsequent analyses.
Table 6.18. Between-groups comparison of all scrapers from Mugharet el-Wad layer D, according
to artefact size variables.
Levene
ANOVA
test
MS
F
df
ss
Sig.
Sig.
Weight
.187
4
.508
7475.876 1868.969 .836
Thickness
.784
4
.114
185.251 46.313
1.958
Platform thickness
.558
4
29.005
.408
.802
7.251
Platform width
.724
4
181.024 2.237
.077
724.098
Platform elongation
.259
4
13.840
3.460
1.180
.333
Table 6.19. Between-groups comparisons of all scrapers from Mugharet el-Wad layer D, according
to segment retouch variables.
Levene
ANOVA
test
d.f
SS
MS
F
Sig.
Sig.
Average GlUR
.892
4
.130
.033
1.006
.430
Average retouch angle
.080
4
692.365
173.091
1.575
.194
Average retouch thickness
.963
4
160.763 40.191
2.034
.102
Average maximum thickness .644
4
197.402 49.351
.985
.423
Average spine plane angle
.807
4
263.506 65.876
.797
.532

Summary: Pooling artefacts from the Mount Carmel assemblages

The preliminary analysis carried out in this section has shown that layers from the three
different industries studied are internally homogeneous regarding both the artefact size
variables and the retouch variables examined.

Unifacially retouched artefacts from the

layers selected for this analysis showed few significant differences in these variables
(Table 6.20). These data show that the implement types can safely be pooled together for
most analyses involving these characteristics. In the cases where significant differences do
exist within an assemblage, these differences can be dealt with by splitting the assemblage
into two groups.

Subsequent analyses will involve comparing the assemblages from different layers with
one another. The objective of this analysis was to explore the extent to which the artefacts
from each layer can be pooled together, and whether they should be pooled into one single
group or a number of groups. In making this decision, a conservative approach has been
used: whenever a significant difference existed within an assemblage, the assemblage
should be split into groups to eliminate this difference.

In other words, a significant

difference for any one of the variables used in this analysis dictates that the assemblages be
divided into groups for all subsequent analyses, regardless of the variables which these
analyses will focus on.

Using this criteria, the following strategies for grouping the

different artefact types will be employed:

1.

Scrapers from Aurignacian assemblages will be pooled into a single group.

2.

Scrapers from Levalloiso-Mousterian assemblages will be pooled into a single
group.

3.

Scrapers from Acheulean assemblages will be pooled into three groups. End bulb
scrapers will form one group, side bulb scrapers will form another group, and all
other scraper types will be pooled together to form the third group.

Table 6. 20. Significance values obtained from comparisons between scraper types.

Mugharet
el-Wad D

Mugharet
el-Wad G

Tabun C

Tabun Eb ^

.508
.114
.802
.077
.333

.414
.162 *
.837
.745 *
.531

.934
.822
.602 *
.752
.285

.935
.002 '
.012 '
<.001 * '
.002 '

Artefact size variables
Weight
Thickness
Platform thickness
Platform width
Platform elongation

Segment retouch variables
.430
.122
.001 * '
Average GIUR
.825
Average retouch angle
.194
.141
.007'
.375
Average retouch thickness
.102
.378
<.001 '
.973
Average maximum thickness
.423
.259
.097
.148
.532
Average spine plane angle
.462
.164
.456
* Significance value obtained from Kruskal-Wallis test. All other values are obtained from
ANOVA.
I
Significant difference precludes end bulb scrapers from being pooled with other scraper types.
^ Significant difference precludes end bulb scrapers and side bulb scrapers from being pooled with
other scraper types.
^ End scrapers omitted from Tabun Eb comparisons, due to differences with other scraper types.
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Changes in flake blank morphology across the
Palaeolithic layers of the Mount Carmel caves

Both this chapter and the following chapter will test whether variation in the morphology
of the retouched flakes at Mount Carmel indicates changes in the emphasis placed on
extension strategies by people over the history of the two sites. This primarily involves
measuring the reductive difficulty of the artefacts being retouched at the two sites, and
identifying whether the reductive difficulty of the flakes which were used as "blanks" to be
retouched changes across the different layers of the two sites. It will be possible to identify
whether the reductive difficulty of artefacts changes between the different industries
identified by Dorothy Garrod (Garrod and Bate 1937)', and also whether there are any
changes within these different industrial groups. Low measures of reductive difficulty can
indicate that an extension strategy was being employed, given that this characteristic
reduces the likelihood of problems occurring during the reduction process.

This chapter focuses on characteristics of flake blank morphology, and differences in these
characteristics across the Palaeolithic layers of the two sites.

Details of how each

measurement was taken are provided in Appendix C. The morphological characteristics
which are analysed have been chosen to provide information on both the reduction
potential and the reductive difficulty of the artefacts from the different assemblages. As a
consequence, they provide information on patterns of blank selection across the
assemblages, which can be used to indicate whether the different assemblages show
evidence of changes in the emphasis being placed on implementing extension strategies
through time.

The reduction potential of flake blanks is indicated by gross measurements of artefact size.
Artefact weight, and platform dimensions (width and thickness) are used to provide an
indication of artefact size, and therefore of the amount of reduction which could be carried

' Throughout this chapter and the remainder o f the thesis, the industrial types are designated using the n a m e s
w h i c h Garrod originally used, rather than adopting more recent n a m e s for the s a m e (or similar) industrial
variants.

This is d o n e to avoid c o n f u s i o n or errors w h i c h could result from using industrial d e s i g n a t i o n s

d e v e l o p e d on material at different archaeological sites.

out, if no problems were encountered during the reduction process. This is based on the
simple assumption that a larger artefact has a greater potential for material to be removed
by retouch (Dibble 1991c; Gordon 1993; Holdaway, et al. 1996). Reduction potential in
this context does not take into account differences in reductive difficulty between flake
blanks. It assumes the simple case that an artefact which is twice as large as another can
have twice as much material removed by retouch, and therefore has twice the reduction
potential. It does not take into account the possibility that the reductive difficulty of both
artefacts could alter the extent to which they could practicably be reduced. For this reason,
measures of artefact dimensions used as a proxy for reduction potential are only
meaningful when used in conjunction with measurements of reductive difficulty.

Artefacts' reductive difficulty is assessed using the indicator variable of artefact thickness.
To briefly recap one of the major findings of the experiments presented in chapter 4, the
thickness of a flake blank had the strongest effect on limiting the size of the "viable
platform" from which a given force can successfully detach a flake. Thin blanks were
found to have larger viable platforms than thick blanks. The thickness of the blank also
affects the likelihood of abrupt terminations occurring: striking a flake from a thick blank
is more likely to produce an abruptly terminated flake. Abruptly terminated flake scars
limited the size of the viable platform. The existence of an abruptly terminated flake scar
has the effect of causing subsequent flake removals to also terminate abruptly, if these
flakes are initiated close to the edge of the platform. Consequently, the size of the viable
platform is reduced, as flakes must be removed from points sufficiently far away from the
platform edge.

Thin blanks had an additional, though minor, advantage over thicker

blanks: successfully removing an abruptly terminated fiake scar could be achieved from a
slightly larger viable platform on thin blanks. This second effect was only detected in the
case of the largest abrupt scars experimented on, so this particular advantage of thin blanks
doesn't appear to hold in all situations. The major advantage of a thin blank is the reduced
frequency of the occurrence of abruptly terminated flake scars.

These experimental

findings demonstrate that the thickness of an artefact is a strong indicator of its reductive
difficulty. Artefact thickness is the main way in which the reductive difficulty of artefacts
in the different assemblages at Mount Carmel is assessed in this chapter.

The relationship between the reduction potential and reductive difficulty of artefacts will
also be analysed in this chapter, by comparing the thickness of artefacts with their widths.

The ratio between the two variables, referred to as the "transverse elongation" of artefacts,
has the advantage of comparing an indicator of reductive difficulty, artefact thickness, with
an indicator of an artefact's reductive potential in the form of artefact width. The use of
artefact width to indicate reductive potential assumes that artefact width is an indicator of
the amount of material available for the reduction process to remove from the artefact.

The techniques used to measure reductive difficulty and reduction potential will be further
developed in chapter 8, which will look at characteristics of retouch scars on the artefacts,
as well as analysing the characteristics of artefact morphology specifically related to the
portions of the artefacts' edges which were retouched. The measurements in the following
chapter will therefore develop the results which this chapter obtains through the analysis of
blank morphology alone.

The results obtained in this chapter will, however, allow

preliminary statements to be made concerning changes in reductive difficulty and
reduction potential across the assemblages.

Preliminary statements will also be made

concerning apparent changes in the emphasis being placed on extension strategies, on the
basis of the morphology of the flakes which were being produced and selected as "blanks"
to be retouched.

The artefact sample

The collection of artefacts held by the Cambridge University Museum of Archaeology and
Anthropology (CUMAA) includes a sample of unifacially retouched scrapers from all of
the layers of interest to this project (Table 7.1). For many of the layers, a sample of points
is also available for analysis, although some layers only contain a small sample of points,
and so the potential to use these artefacts for comparative purposes across all assemblages
is limited.

Some layers also have a large sample of "other unifacial" artefacts - this

category is mostly made up of notched

flakes.

Unretouched artefacts are unevenly

represented in the museum's collections, and it was my impression that the larger samples
seen in some of the layers are included in the collection to illustrate particular types of
flake morphology. In particular, blades and Levallois flakes make up the majority of the
samples of unretouched artefacts, and the largest samples of unretouched artefacts come
from levels where blades and Levallois flakes were excavated. There is a small sample of

burins from most layers, with more sizeable burin samples for the uppermost layers of
Mugharet el-Wad.

Table 7.1, The number of artefacts analysed, broken down by site layer and technological
category.
Layer

Scraper

Point

MC
M D1
M D2
M E
M F
MG
TCh 1
TCh2
TB
TC
T D
TEa
TEb
TEc
TEd
TF
TG

23
42
37
28
54
64
22
70
18
25
24
175
389
145
403
48
29

5
2
8
6
19
7
4
15
3
6
17
14
20
19
14
5
1

Other
unifacial
2
1
2
0
44
18
4
11
1
3
4
2
9
0
2
3
6

Unretouched

Burin

2
0
2
1
58
37
14
54
7
40
44
10
28
2
4
5
94

30
12
4
II
5
1
1
5
1
5
2
4
6
2
4
4
1

Backed
artefact
0
0
0
0
6
0
0
0
0
0
0
0
0
0
0
0
0

Other

Total

0
0
0
0
0
0
0
1
0
1
0
0
0
0
0
0
1

62
57
53
46
186
127
45
156
30
80
91
205
452
168
427
65
132

Only complete scrapers are used in the analyses presented in this chapter and the following
chapter.

The numbers of incomplete scrapers included in the CUMAA collection was

quite small for all layers, so their omission did not greatly reduce the sample size for any of
the layers (Table 7.2). As determined in chapter 6, the scrapers from Tabun's Acheulean
layers (Ea - Ed) are broken down into the sub-groups of End bulb scrapers; Side bulb
scrapers; and all other scrapers. As a shorthand method of labeling these sub-groups, the
assemblages of End bulb scrapers are suffixed 'EBS', and assemblages of Side bulb
scrapers are suffixed 'SBS'.

The analyses presented in this chapter will not only be

comparing artefacts between layers, but also between these different sub-groups.

The

populations of artefacts, whether they comprise all of the scrapers from a layer or one of
the sub-groups from the Acheulean layers, are referred to as "assemblages" throughout this
chapter.

Discussions will deal with variation between industrial groups as well as within the
industrial groups. The industrial groupings are shown in Table 7.2. For ease of reference,
M C is included within the Aurignacian industry group and T G is included in the

Acheulean industry group.

As described in chapter 5, M C was initially designated as

"Atlitian" by Garrod, and T G was designated as "Tayacian": the decision to lump these
assemblages into the Aurignacian and Acheulean is done here purely for ease of reference,
and is not designed to pre-suppose similarities between assemblages.

Table 7.2. Number of complete scrapers analysed, by assemblage and by industrial group.
Industrial group
Aurignacian

LevalloisoMousterian

Acheulean

Assemblage
M C
M D
M E
M F
MG
TCh
TCh
TB
TC
TD
TEa
T Ea
T Ea
TEb
T Eb
TEb
TEc
T Ec
T Ec
TEd
T Ed
T Ed
TF
TG

I
II

(EBS)
(SBS)
(EBS)
(SBS)
(EBS)
(SBS)
(EBS)
(SBS)

Complete
scrapers
18
60
23
52
58
18
58
17
20
20
27
104
20
96
198
40
29
77
24
91
216
41
42
28

Differences in blank morphology: discontinuous variables

There are a number of discontinuous, or categorical, variables which can be used to
identify differences in blank morphology across the Mount Carmel site layers.
advantage of considering these variables before moving onto other,

The

continuously

measured, variables is that discontinuous variables are useful for identifying major
differences in the types of blanks that were produced, and selected for retouch across the
different layers.

Platform characteristics

The general makeup of each scraper's platform was recorded as being entirely cortical, a
single flake scar, multiple flake scars, or entirely facetted. A conservative approach was
used to record platforms as "cortical" or "entirely facetted": scrapers were only placed in
these categories if their platforms were entirely covered by cortex or by small faceting
flake scars respectively. This method of scoring platform type therefore subsumes more
complex platform morphologies in which a platform is partially corticated, or partially
facetted, into one of the other two categories. Given this limitation, scoring platform type
in this way provides a means of readily identifying changes in the types of platforms
present on scrapers between the different assemblages.

Table 7.3 shows that there is a

marked difference in the relative frequencies of platform types between Tabun's Acheulean
layers (T Ea - T Ed), and the overlying Levalloiso-Mousterian layers (T Ch I - T D). A
second difference exists between Mugharet el-Wad's lowest layers (M F and M G) and the
overlying Aurignacian layers (M C - M D). A third contrast exists between Tabun's lowest
two layers (T F and T G) and the overlying Acheulean layers (T Ea - T Ed).

At the base of the sequence at Tabun, the frequency of cortical platforms is lower in layers
T F and T G than it is in the overlying E layers.

In the E layers (T Ea - T Ed), the

frequency of cortical platforms is higher, while multiple scar platforms are slightly more
rare. There is a general homogeneity in the frequencies of platform types between the
assemblages from the E layers. One notable contrast is that the end bulb scrapers (EBS)

from each of the four E layers have a lower frequency of cortical platforms than other
assemblages, and a higher frequency of single scar platforms.

Table 7.3. Percentage of platform types on scrapers, by assemblage.
Assemblage
MC
MD
ME
MF
MG
TCh I
TCh 11
TB
TC
TD
TEa
T Ea(EBS)
TEa(SBS)
TEb
TEb(EBS)
TEb(SBS)
TEc
T Ec (EBS)
T Ec (SBS)
TEd
T Ed (EBS)
T Ed (SBS)
TF
TG

Platform type
Cortical
0
19.1
15.4
4.3
3.7
0
5.7
6.3
5.3
5.3
29.2
12.5
26.3
19.2
12.8
28.9
28.6
10.0
33.3
18.6
10.3
35.0
8.8
7.7

Single scar
63.6
53.2
53.8
17.0
II.1
0
11.3
25.0
10.5
36.8
54.2
53.4
31.6
50.7
61.7
44.7
35.7
58.3
37.5
58.6
59.8
40.0
44.1
53.8

Multiple scars
27.3
27.7
30.8
53.2
48.1
94.4
77.4
62.5
63.2
52.6
16.7
33.0
42.1
21.9
23.3
26.3
35.7
31.7
29.2
22.9
29.9
25.0
44.1
38.5

Entirely facetted
9.1
0
0
25.5
37.0
5.6
5.7
6.3
21.1
5.3
0
1.1
0
8.2
2.2
0
0
0
0
0
0
0
2.9
0

Proceeding upward through the Tabun assemblages, the contrast between Tabun's E
assemblages and its overlying layers (T Ch I - T D) is dramatic. The frequency of cortical
platforms decreases markedly, and there is a slight decrease in single scar platforms also.
Multiple scar platforms increase in frequency, and there is a general increase in facetted
platforms. It is the predominance of multiple scar platforms which most distinguishes the
Levalloiso-Mousterian assemblages from the assemblages in the underlying E layers: over
half the scrapers from each of the Levalloiso-Mousterian assemblages have multiple scar
platforms.

There is a slight contrast between Tabun's Levalloiso-Mousterian layers (T Ch I - T D) and
the lowest two layers from Mugharet el-Wad (M F and M G).

Cortical platforms and

single scar platforms are comparably rare in both groups, but facetted platforms are more
frequent in M F and M G than is generally the case at Tabun. It should be noted, though,
that the frequency of facetted platforms was similarly high in one of Tabun's LevalloisoMousterian layers (T C).

The contrast between Mugharet el-Wad's lower layers (M F and M G) and its upper layers
(M C - M E) is more pronounced. In the two Aurignacian layers (M D and M E), cortical
platforms are more common, and entirely facetted platforms are absent. The frequency of
multiple scar platforms is reduced and the frequency of single scar platforms is increased.
There is a slight difference between these two layers and the overlying assemblage of M C.
Cortical platforms are absent from this assemblage, and facetted platforms are more
common. Again, however, the majority of scrapers have single scar platforms.

MC
MD
ME
_MF
M G

TChI
T Oh II
_TB
TO
_TD
TEa
(fl

TEa(EBS)

|

TEa(SBS)

E

.TEb

<§

T Eb (EBS)
_TEb(SBS)
TEc
_ T Ec (EBS)
_ T Ec (SBS)
_TEd
T Ed (EBS)
T Ed (SBS)
TF

I

Cortical

1

Single scar

1

Multiple scars

1

TG

Bitirely facetted

Platform type

Figure 7.1. Trellis histogram showing the platform type of scrapers, as a percentage of each
assemblage. The vertical scale of each histogram is the percentage of the corresponding
assemblage.

The impression gained from Table 7.3 is that there are three apparent changes in the
frequency of platform types through the sequences of Tabun and Mugharet el-Wad. These
contrasts are apparent visually when the frequencies are plotted in a trellis histogram
(Figure 7.1). The first of these is between Tabun's lowest layers (T F and T G), and the
assemblages from the overlying E layers (T Ea - T Ed).

The second major change is

between the assemblages from Tabun's E layers and the overlying Levalloiso-Mousterian
layers (T Ch I - T D). A third major change lies between Mugharet El-Wad's lowest layers
(M F and M G) and its Aurignacian layers (M D and M E). In addition to these, there are
small contrasts between Tabun's Levalloiso-Mousterian layers (T Ch I - T D) and
Mugharet el-Wad's lowest layers (M F and M G), and another minor contrast between
Mugharet el-Wad's uppermost layer (M C) and the two underlying layers (M D and M E).

To test whether these apparent differences in the frequencies of platform types are
supported statistically, a series of chi-square analyses were carried out to compare
assemblages.

It was found that T F and T G can be treated as a single group, as no

association between layer and platform type was found (d.f = 2, sig. = .815). Tabun's E
assemblages together returned a significant result (d.f = 20, sig. = .001).

If end bulb

scrapers were removed, however, the remaining assemblages were not differentially
associated to platform type (d.f = 12, sig. = .379).

Similarly, the end bulb scraper

assemblages themselves show no differential association with platform type (d.f = 6, sig. =
.675).

Comparing Tabun's E assemblages with the two lower layers (T F and T G)

returned a significant result (d.f = 24, sig. = .001), but no significant association was found
if end bulb scrapers were omitted (d.f = 18, sig. = .108). Comparing Tabun's E layers and
its Levalloiso-Mousterian layers yielded a significant result even when end bulb scrapers
were omitted (d.f = 24, sig. = .001). Tabun's Levalloiso-Mousterian layers themselves
showed no differential association to platform type (d.f = 8, sig. = .095), and no
differential association was found if these layers were compared with Mugharet el-Wad's
M F and M G (d.f = 6, sig. = .057). Mugharet el-Wad's assemblages yielded a significant
result overall (d.f = 8, sig. < .001), but no differential association was found within the
two lower layers (d.f = 2, sig. = .865), or within the three upper layers (d.f = 4, sig. =
.663).

The results of these chi-square analyses can be summarised as follows.

First, Tabun's

Acheulean layers show statistically similar frequencies of platform types, with the

exception of the end bulb scraper (EBS) assemblages.

Second, there is a significantly

different distribution of platform types between the Acheulean layers and Tabun's
overlying layers (T Ch I - T D), confirming that platform types differ across the boundary
between the Acheulean and Levalloiso-Mousterian assemblages.

Third, while platform

types are equivalent across Tabun's Levalloiso-Mousterian layers and M F and M G, the
latter two layers show different frequencies of platform types from the overlying layers at
Mugharet el-Wad. These results indicate that M F and M G should be viewed as being
more similar to Tabun's Levalloiso-Mousterian

assemblages than they are to the

Aurignacian assemblages at Mugharet el-Wad.

The categorisation of platforms noted the presence of faceting scars if they covered the
platform completely: the data given so far consequently do not record artefacts on which
platforms are only partially faceted.

To provide a more comprehensive picture of the

extent to which techniques of platform preparation were employed at Mount Carmel, the
proportion of artefacts from each assemblage which possess either faceting or overhang
removal scars is shown in Table 7.4. The percentage of artefacts with overhang removal
varies only slightly between assemblages, and variation in the frequency of this trait does
not follow changes in industry types.

Generally speaking, the Levalloiso-Mousterian

assemblages from both sites have a lower frequency of overhang removal than Tabun's
Acheulean assemblages, but the exception is the earliest of Tabun's Levalloiso-Mousterian
assemblages, T D.

The frequency of overhang removal increases in Mugharet el-Wad's

upper two Aurignacian assemblages (M C and M D), but the lowest Aurignacian
assemblage has a lower occurrence of overhang removal that is similar to the LevalloisoMousterian assemblages.

The Acheulean assemblages at Tabun also show internal

variability in the frequency of overhang removal, spreading across a range from 30.8% (T
Ed EBS) to 17.5% (T Ed SBS).

Although all of the Acheulean assemblages exhibit a

relatively high frequency of overhang removal, therefore, changes in this trait's frequency
do not follow subsequent changes in industry type. Instead, the earliest of the LevalloisoMousterian assemblages is comparable to the underlying Acheulean, and the earliest
Aurignacian assemblage is comparable to the underlying Levalloiso-Mousterian.

Variation in the frequency of platform faceting is more closely aligned with the three main
industry types. Faceting is rare across the Acheulean assemblages, all of which have less
than

11% of artefacts with faceting scars.

By contrast, the Levalloiso-Mousterian

assemblages from both sites have a much higher frequency of platform faceting, all of lie
above 35%.

Faceting becomes extremely rare in the lower of the two Aurignacian

assemblages, but is again higher in the uppermost Aurignacian assemblage (M C, which
Garrod designated as Atlitian).

There is some variation within industries as well: the

frequency of faceting occupies a wide range across the Levalloiso-Mousterian assemblages
(35% to 67%), and a smaller but not insubstantial range across the Acheulean assemblages
(0% to 11%).

Despite this, the major contrasts in the frequency of platform faceting

conform to the major industrial boundaries documented by Garrod: the boundary between
the Acheulean and Levalloiso-Mousterian, and the boundary between the LevalloisoMousterian and the Aurignacian.

Table 7.4. Percentage of scrapers with faceted platforms and overhang removal, by assemblage.
Assemblage
MC
M D
M E
M F
MG
TCh I
T C h II
T B
TC
TD
TEa
T Ea (EBS)
T Ea (SBS)
TEb
T Eb (EBS)
T E b (SBS)
TEc
T Ec (EBS)
T Ec (SBS)
TEd
T Ed (EBS)
T Ed (SBS)
TF
TG

Platform faceting
27.3
2.1
0
38.3
53.7
66.7
52.6
58.8
63.2
35.0
0
10.6
5.0
7.5
4.3
2.6
6.9
0
0
2.7
1.5
0
2.9
0

Overhang removal
27.3
25.0
13.3
14.9
11.1
0
15.8
11.8
5.3
20.0
25.0
23.4
30.0
20.0
27.4
28.2
24.1
24.2
29.2
23.3
30.8
17.5
28.6
19.2

Dorsal surface morphology

The amount of cortex on the dorsal surface of artefacts was visually estimated. Due to the
limitations of accurately estimating a percentage of the dorsal surface covered by cortex,
artefacts were designated to one of six categories.

Primary flakes (those which are

completely corticated) and tertiary flakes (those with no cortex) are two of these
categories, and partially corticated flakes are designated into four intermediate categories
(Table 7.5). The amount of dorsal cortex present on flakes has been used for some time as
an indication of the stage of core reduction from which the flakes in question were
produced (e.g. Bradbury and Carr 1999; Cowan 1999; Dibble, et al. 2005; Magne 1989;
Marwick 2008; Mauldin and Amick 1989; McCall 2009; Morrow 1984; Odell 1989;
Sullivan and Rosen 1985; Tomka 1989; Tuohy 1987).

Table 7.5. Percentage of scrapers with different percentages of cortex on their dorsal surfaces, by
assemblage.
Assemblage
MC
MD
ME
MF
MG
TCh 1
TCh II
TB
TC
TD
TEa
TEa(EBS)
TEa(SBS)
TEb
T E b (EBS)
TEb(SBS)
TEc
T Ec (EBS)
TEc(SBS)
TEd
T Ed (EBS)
T Ed (SBS)
TF
TG

Percentage dorsal cortex
0%
1 - 25 %
55.6
16.7
33.3
18.3
30.4
21.7
76.9
9.6
81.0
8.6
94.4
5.6
55.2
25.9
58.8
0
70.0
20.0
70.0
20.0
50.0
7.7
31.7
17.3
60.0
0
40.6
13.5
36.0
21.3
35.0
27.5
31.0
17.2
26.0
24.7
29.2
25.0
31.9
20.9
24.1
28.7
29.3
36.6
28.6
28.6
42.9
35.7

26 - 50 %
5.6
21.7
21.7
5.8
5.2
0
13.8
35.3
5.0
0
19.2
16.3
10.0
12.5
12.2
12.5
20.7
18.2
12.5
11.0
16.2
2.4
23.8
7.1

51 - 75 %
11.1
5.0
4.3
3.8
0
0
3.4
0
0
5.0
0
10.6
0
5.2
9.1
7.5
6.9
10.4
8.3
7.7
8.3
9.8
4.8
14.3

76 - 99 %
0
10.0
8.7
1.9
5.2
0
1.7
5.9
5.0
0
7.7
4.8
0
5.2
9.1
7.5
6.9
11.7
12.5
13.2
10.6
7.3
11.9
0

100%
11.1
11.7
13.0
1.9
0
0
0
0
0
5.0
15.4
19.2
30.0
22.9
12.2
10.0
17.2
9.1
12.5
15.4
12.0
14.6
2.4
0

Variability in the amount of dorsal cortex generally conforms to the major changes
between industry types.

The majority of the Acheulean assemblages have a greater

frequency of completely corticated artefacts than the Levalloiso-Mousterian assemblages,
in which the frequency of complete cortication is much lower.

In the Aurignacian

assemblages, the frequency of completely corticated artefacts is consistently higher than
the Levalloiso-Mousterian assemblages. Conversely, Levalloiso-Mousterian assemblages
show a higher frequency of non-corticated or lightly corticated artefacts when compared
with

the

Acheulean

or

Aurignacian

assemblages.

In all

Levalloiso-Mousterian

assemblages, more than half of the scrapers have no cortex, and the percentage with less
than 25% cortex ranges from 58.8% (T B) to 100% (T Ch I). By contrast, in almost all
Aurignacian and Acheulean assemblages non-corticated artefacts make up less than half
the of the scraper population. There are some exceptions to this general pattern, however.
The two lowest Acheulean layers (T F and T G) have very few completely corticated
scrapers, which appears to set them apart from other Acheulean assemblages).

At the

upper end of the Acheulean sequence, the T Ea and T Ea (SBS) assemblages have a
noticeably higher percentage of non-corticated scrapers than other Acheulean assemblages,
which appears to align them more closely with the Levalloiso-Mousterian assemblages.
The Aurignacian also seems to have one outlying assemblage: M C has a higher percentage
of non-corticated scrapers than the two other Aurignacian assemblages.

To assess whether the above observations are supported statistically, a series of KruskalWallis tests were carried out to ascertain where significant differences lay between
assemblages. Unfortunately it is impossible to perform a chi-square test of association on
the data in Table 7.5, as the high number of empty cells renders all tests invalid.

The

advantage of a Kruskal-Wallis test in this case is that it is a rank-order test, making it
suitable for the categories of dorsal cortex, which are discrete but ranked categories
(Dytham 2003).

The Kruskal-Wallis tests found that no significant differences exist within any of the three
industry types.

Non significant results were returned from a comparison of the three

Aurignacian assemblages (d.f = 2, sig. = 0.282), the seven

Levalloiso-Mousterian

assemblages (d.f = 6, sig. = 0.277), and the fourteen Acheulean assemblages (d.f = 13,
sig. = 0.439). Significant differences were found when conducting the test on assemblages
from different industries, however.

Pooling the Aurignacian and Levalloiso-Mousterian

assemblages yielded a significant result (d.f. = 9, sig. < 0.001). Significant differences also
exist between Levalloiso-Mousterian and Acheulean assemblages (d.f = 20, sig. < 0.001).
On the other hand, there is no significant difference between the Aurignacian and
Acheulean assemblages (d.f = 16, sig. = 0.439). These results support the impression that
scrapers from the Levalloiso-Mousterian assemblages have less dorsal cortex from those in
the Aurignacian and Acheulean, with the latter two industries being similar to each other.

Despite the fact that some of the Acheulean assemblages were noted above as appearing to
be similar to the Levalloiso-Mousterian assemblages, Kruskal Wallis tests do not support
this observation. Two of the assemblages from Tabun's Ea layer (Ea and Ea SBS), were
found to be significantly different when pooled together with the Levalloiso-Mousterian
assemblages (d.f = 8, sig. = 0.023).

The same was found in the case of the earliest

Acheulean assemblages, T F and T G (d.f = 8, sig. < 0.001). The most recent Aurignacian
assemblages, M C, was not significantly different from the Levalloiso-Mousterian
assemblages, however (d.f = 7, sig. = 0.179).

This assemblages can legitimately be

viewed as being intermediate to the Aurignacian and Levalloiso-Mousterian, therefore, as
it shows no significant difference from either.

The number of flake scars preserved on the dorsal surfaces of scrapers provides a further
way of identifying changes in the morphology of flake blanks across assemblages, and
builds on the characterisation of dorsal surface morphology gained from analysing the
amount of dorsal cortex.

Again, the Levalloiso-Mousterian assemblages are notably

different in the frequency of their dorsal scars (Table 7.6). For all Levalloiso-Mousterian
assemblages, the modal number of dorsal scars is two, three, four or five. Only a small
percentage of each assemblage had one flake scar or less. In the Aurignacian assemblages,
by contrast, a greater percentage of scrapers have no dorsal flake scars, and the distribution
appears to be more heavily weighted toward fewer flake scars than the LevalloisoMousterian assemblages.

The frequency of dorsal

flake

scars in the Acheulean

assemblages also indicates that artefacts have fewer dorsal scars than in the LevalloisoMousterian assemblages. The fact that variability in dorsal scar number conforms to the
different industry types is particularly clear when the data is plotted as a trellis histogram
(Figure 7.2). As with the data on dorsal cortex, the two lowest Acheulean assemblages (T
F and T G), and the uppermost Aurignacian assemblage (M C) appear to be outliers within
their industry group, and are similar to the Levalloiso-Mousterian assemblages.

Table 7.6. The number of dorsal surface scars on scrapers, as a percentage of each assemblage.
Assemblage
MC
M D
M E
M F
MG
TCh I
TChll
TB
TC
TD
TEa
TEa(EBS)
TEa(SBS)
TEb
TEb(EBS)
TEb(SBS)
TEc
T Ec (EBS)
TEc(SBS)
T Ed
T Ed (EBS)
T Ed (SBS)
TP
TG

Number of dorsal scars
0
1
2
11.1
11.1
5.6
16.7
13.3
15.0
13.0
21.7
26.1
1.9
5.8
7.7
.0
1.7
5.2
.0
5.6
5.6
.0
31.0
8.6
.0
17.6
17.6
.0
25.0
.0
5.0
5.0
10.0
19.2
30.8
11.5
22.1
26.0
18.3
30.0
15.0
15.0
21.9
16.7
18.8
12.2
16.8
20.8
15.0
10.0
27.5
17.2
17.2
17.2
10.4
20.8
28.6
12.5
33.3
25.0
28.6
16.5
16.5
12.0
18.5
23.1
34.1
14.6
19.5
2.4
19.0
31.0
21.4
.0
10.7

3
33.3
13.3
17.4
23.1
20.7
44.4
31.0
29.4
20.0
40.0
19.2
20.2
30.0
13.5
19.8
27.5
13.8
24.7
8.3
13.2
25.5
22.0
11.9
14.3

4
16.7
18.3
4.3
21.2
27.6
27.8
17.2
11.8
15.0
20.0
7.7
10.6
10.0
16.7
13.7
15.0
20.7
7.8
12.5
11.0
10.6
4.9
19.0
14.3

5
22.2
13.3
8.7
13.5
22.4
11.1
6.9
17.6
25.0
5.0
.0
1.0
.0
3.1
8.1
5.0
3.4
5.2
4.2
7.7
5.6
4.9
9.5
25.0

6
.0
6.7
4.3
15.4
13.8
5.6
5.2
5.9
10.0
5.0
7.7
1.9
.0
6.3
5.1
.0
.0
1.3
4.2
5.5
2.3
.0
2.4
10.7

2

3

4

Number of dorsal scars

Figure 7.2. Trellis histogram showing the number of dorsal surface scars on scrapers, as a
percentage of each assemblage. The vertical scale of each histogram is the percentage of the
corresponding assemblage.

Kruskal-Wallis tests were again used to determine if these observations are statistically
supported. As with the data on dorsal cortex, the number of empty cells in Table 7.6 made
any chi-square tests of association invalid, necessitating the use of Kruskal-Wallis tests
instead. No significant difference exists across the three Aurignacian assemblages (d.f. =
2, sig. = 0.38). Pooling the Levalloiso-Mousterian assemblages from both sites together
produces a significant result (d.f = 6, sig. < 0.001). If each site's Levalloiso-Mousterian
assemblages are treated separately, however, no significant differences exist between elWad's two assemblages (Mann-Whitney U, sig. = 0.473) or between Tabun's five
assemblages (d.f = 4, sig. = 0.143). There is a significant difference across all Acheulean
assemblages (d.f = 13, sig. < 0.001), but no difference exists if the two lowest layers, T F
and T G, are removed (d.f = 1 1 , sig. = 0.066).
industries

together

shows

that

Pooling assemblages from different

there is a difference

between

Tabun's

Acheulean

assemblages and the Levalloiso-Mousterian assemblages from both Tabun (d.f. = 16, sig. <
0.001) and el-Wad (d.f. = 13, sig. < 0.001). There is also a significant difference between
the Aurignacian assemblages and the Levalloiso-Mousterian assemblages from both elWad (d.f = 4, sig. < 0.001). There is not, however, a significant difference between the
Aurignacian assemblages and the Levalloiso-Mousterian assemblages from Tabun (d.f =
7, sig. = 0.096).

The Aurignacian assemblages are significantly different from the

Acheulean assemblages (d.f = 14, sig. = 0.016). The two Acheulean assemblages which
appear to be higher than other Acheulean assemblages, T F and T G, show no significant
difference when pooled with both Tabun's Levalloiso-Mousterian assemblages and the
Aurignacian assemblages (d.f = 9, sig. = 0.063).

The statistical comparisons carried out show that the variability in dorsal scar number does
not always follow changes in industry type.

The Acheulean assemblages, with the

exception of T F and T G, have the lowest number of dorsal scars, and show no internal
significant differences.

The Levalloiso-Mousterian assemblages from both sites have

significantly higher numbers of dorsal scars compared with the Acheulean assemblages.
The boundary between Acheulean and Levalloiso-Mousterian does, therefore, coincide
with a significant change in the frequency of dorsal scars.

The Levalloiso-Mousterian

assemblages show significant internal variability, however, with the assemblages from
Mugharet el-Wad having a significantly
assemblages from Tabun.

higher number of dorsal scars than the

The boundary between el-Wad's

Levalloiso-Mousterian

assemblages and the Aurignacian assemblages coincides with a significant lowering of the
number of dorsal scars.

Although this change in dorsal scar number coincides with a

change in industry, the picture is complicated by the fact that the Levalloiso-Mousterian
assemblages from Tabun are not significantly different from the Aurignacian assemblages.
While there is a difference between the industries at Mugharet el-Wad, this difference
between Aurignacian and Levalloiso-Mousterian is not universal across both sites.

It is

also worth noting that although the Aurignacian assemblages have a lower number of
dorsal scars than the el-Wad Levalloiso-Mousterian assemblages, they still exhibit a
significantly higher number of dorsal scars than the Acheulean assemblages from Tabun's
layer E.

The Acheulean assemblages from the two lowest layers T F and T G, are not

significantly different from the Aurignacian or from the Levalloiso-Mousterian layers at
Tabun.

In summary, the assemblages fall into three groups: the lowest ranked are the

Acheulean assemblages from Tabun's layer E; the second group encompasses the

Aurignacian assemblages, Tabun's Levalloiso-Mousterian assemblages and T F and T G;
and the highest ranked group are Mugharet
assemblages, M F and M G.

el-Wad's two

Levalloiso-Mousterian

Differences in blank morphology: continuous variables
The previous section considered discrete and categorical variables relating to the flake
blank morphology of scrapers from the different assemblages. In this section, variables of
flake blank morphology which are non-discrete, or continuous, will be used to compare the
assemblages. While the variables in the preceding section were chosen to explore general
differences in blank morphology between the assemblages, the variables in this section are
more focused on the aims of analysing the reductive difficulty and the reduction potential
of artefacts across the assemblages. The advantage of continuous variables over discrete
variables is that they enable variation within and between assemblages to be identified with
greater sensitivity, as smaller differences are measurable and statistically detectable. The
discrete variables analysed in the previous section designate artefacts to a range of
categories, with the consequence that quite large differences in artefact morphology are
required before an artefact can be designated within another category.
For each variable considered, a boxplot is used to visually compare the distribution of
values for the artefacts of each assemblage. Each assemblage is statistically compared
with every other assemblage, using pairwise statistical tests, to assess where significant
differences between assemblages occur. The Pairwise tests used are either L-S-D, if the
required condition of equality of variance is confirmed using a Levene's test; or GamesHowell if variances are found to be unequal between assemblages.
The statistical results of inter-assemblage comparisons are presented in detail in Appendix
F. Summarised tables listing the significance values of the inter-assemblage comparisons
for each variable are presented in Appendix G.
The significance values obtained from pairwise comparisons are used to identify
homogenous groups of assemblages, which are not deemed to be significantly different
from one another (sig. > 0.05). The method of generating these homogenous groups is
carried out for each of the variables examined, as follows: first, the assemblages were
ranked in order from their mean value. The significance values obtained from pairwise
comparisons are then used to identify which assemblages are not significantly different
from the assemblage possessing the highest mean. Assemblages are considered in order.

from the assemblage with the highest mean onwards, and each assemblage is included in
the group if it exhibits no significant difference to any of the assemblages already included
in the group. The process of generating the homogenous group is therefore an iterative
one, which continues until all assemblages have been evaluated and either included in the
group or not. The process is then repeated, using the assemblage with the lowest mean as
the second group's starting point. If all of the assemblages fall into one or both of these
groups, the process is ceased, leaving only two homogenous groups. If some assemblages
do not fit either group, then a third group is generated. This third group takes as its starting
point the assemblage which falls mid-way between the two existing groups (in terms of the
ranking of its mean value). Assemblages either side of this starting assemblage are then
grouped with it using the same process that was employed for the two initial groups. If all
assemblages are included in one of the three resulting groups, then the process ceases. For
some variables, it is necessary to generate a fourth group to encompass assemblages which
are not included in any of the three initial groups. This process of generating homogenous
groups is the same as that used by some statistics programs as a routine component of
analysing differences between a number of separate populations (Devore and Peck 1993:
756 - 759). For example, SPSS uses this process to generate "homogenous subsets" as a
component of post-hoc tests (e.g. Tukey's Honestly Significant Difference, and StudentNeuman-Keuls tests) which carry out pairwise comparisons between populations being
compared using ANOVA.

The homogenous groups generated are illustrated diagramatically for each variable.

In

each case, the ranking of the homogenous groups is in order based on the ranking of the
group's means: Group 1 is the group which includes the assemblage with the highest mean,
and the highest-numbered group includes the assemblage with the lowest mean.

Artefact weight is the first of the morphological variables considered for inter-assemblage
comparisons.

As an indicator of the overall size of artefacts within each assemblage,

weight needs to be considered so that other morphological variables and dimensions can be
analysed while keeping any differences in overall artefact size in mind.

The three assemblages from Tabun's layer Ea have a noticeably higher distribution of
weight than almost all other assemblages from the two sites (Figure 7.3). In general, the
Levalloiso-Mousterian assemblages (MF to TD) appear to have the lowest distribution of

weights. In this respect the Levalloiso-Mousterian, as an industrial group, appears to be
made up of lighter artefacts than the majority of the preceding Acheulean assemblages.
There does seem to be considerable overlap, however, of distributions of artefact weights
between the heaviest Levalloiso-Mousterian assemblages, such as T B and T D, and the
lightest Acheulean assemblages, such as T Ec and T G. The Aurignacian assemblages
(MC to M E) are highly varied in their weight, with ME having one of the highest
distributions, and MC having one of the lowest.

The distribution of weights across

assemblages does not seem to be distinctly different across the industry boundaries: in fact,
differences within industries seems to be as pronounced as differences between the three
industries.
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Figure 7.3. Boxplot of artefact weight, by assemblage.
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Figure 7.4. Assemblages grouped according to artefact weight. Groups generated based on nonsignificant differences (sig. > 0.05) from pairwise comparisons (Games-Howeli).

All of the assemblages can be divided into three homogenous groups, which show no
significant difference (p > 0.05), and there is considerable overlap between these three
groups (Figure 7.4). The statistical tests used to construct Figure 7.4 were Games-Howell
pairwise comparisons carried out between all assemblages - this test was used due to the
inequality of variences between assemblages, which precludes using tests that assume
equality of variences such as L-S-D. The detailed results of these pairwise comparisons
are presented in Appendix F, Table F.l.

The significance values obtained from the

pairwise comparisons are summarised in Appendix F, Table F. 1.

Two of the assemblages are included in all three homogenous groups, while eight
assemblages are included in only a single group.

Of these, the three assemblages from

Tabun Ea fall only within group 1, which is the group of assemblages which have the
highest distribution of artefact weight. Another three assemblages; M G, T Ch I and T Ch
II; fall only within group 3, which is the group of assemblages which have the lowest
distribution of artefact weight. Two of the assemblages from Tabun Ed (T Ed (EBS) and T
Ed) fall only within group 2, which is the group of assemblages which includes
assemblages whose distribution of artefact weight is too low to fall within group 1, and too
high to fall within group 3. All other assemblages fall into group 2 and at least one of the
other groups as well.

The division of assemblages into the three homogenous groups in Figure 7.4 demonstrates
that the variation in artefact weight does not entirely correspond to the boundaries between
industries.

All of the Aurignacian and Levalloiso-Mousterian assemblages fall within

group 3. In other words, these assemblages are not significantly different at the p < 0.05

level. Three of the Acheulean assemblages also fall within group 3. Group 2 includes
most of the Acheulean assemblages, three Levalloiso-Mousterian assemblages and two
Aurignacian assemblages. Group 1 is comprised mostly of Acheulean assemblages, and
includes one Aurignacian assemblage and none of the Levalloiso-Mousterian assemblages.
Overall, the homogenous groups show that similarities in distributions of artefact weights
exist across the three industries.

The boundary between the Acheulean and Levalloiso-

Mousterian assemblages does coincide with a marked difference in artefact weights,
however.

The assemblages from the final Acheulean layer, Tabun Ea, are significantly

different from all assemblages of the Levalloiso-Mousterian, and significantly different
from two of the three Aurignacian assemblages. These data confirm the impression given
by the boxplot of distributions in Figure 7.3, that the assemblages from the final Acheulean
layer are made up of heavier artefacts than those assemblages immediately overlying it.
The boundary between the final Acheulean and the Levalloiso-Mousterian at Tabun
coincides with a significant reduction in artefact weight. Despite this, not all Acheulean
assemblages are made up of significantly heavier artefacts than other assemblages, given
that assemblages from T Ea to T G fall within the same groups as various LevalloisoMousterian and Aurignacian assemblages.

If the assemblages from each industrial group are pooled, to treat each industrial group as a
single entity, there is a significant difference between the Acheulean and the LevalloisoMousterian (Table 7.7).

The Aurignacian and the Levalloiso-Mousterian are not

significantly different from one another, and the Aurignacian is also not significantly
different from the Acheulean.

These results are consistent with the inter-assemblage

comparisons, which showed that several Aurignacian assemblages show enough internal
variability to be statistically similar to both the Levalloiso-Mousterian and the Acheulean
assemblages. The comparison of the three industrial groups supports the observation that
the boundary between the Acheulean and the Levalloiso-Mousterian coincides with a
decrease in artefact weight.

Table 7.7. Pairwise comparisons (Games-Howell) of artefact weight between the industrial groups.
Aurignacian vs Levalloiso-Mousterian
Levalloiso-Mousterian vs Acheulean
Aurignacian vs Acheulean

Mean difference
10.780
-20.424
-9.644

Sig.
.059
<.001
.096

The dimensions of an artefact's platform have been discussed by a number of researchers
as a possible indicator of artefact size. The majority of this discussion has dealt with the
proposal of Dibble and Pelcin (Dibble 1997; Dibble and Pelcin 1995; Pelcin 1996, 1997a,
1997c) that platform thickness and platform area are a proxy for the original size of a
retouched flake prior to its being retouched. The replies to Dibble and Pelcin's work have
been primarily concerned with whether platform dimensions provide a sufficiently accurate
indication of the original weight of a flake blank to calculate that proportion of its mass
that has been removed through retouch (Davis and Shea 1998; Dibble 1998; Hiscock and
Clarkson 2005a; Pelcin 1998; Shott, et al. 2000).

The debate around the relationship

between platform dimensions and flake size has focused on whether the relationship is
close enough to the precision needed to accurately reconstruct the amount of mass
removed through retouch.

Although there is now considerable experimental data to

suggest that the relationship is not sufficiently close to warrant using platform dimensions
to reconstruct the mass removed through retouch (Davis and Shea 1998; Hiscock and
Clarkson 2005a; Shott, et al. 2000), the fact that platform dimensions are associated with
flake size has been well established by both controlled and uncontrolled experiments (e.g.
Cotterell and Kamminga 1987; Crabtree 1968, 1972b; Dibble and Whittaker 1981;
Faulkner 1972; Macgregor 2001, 2005; Mewhinney 1957; Pelcin 1996; Phagan 1976;
Shott, et al. 2000; Speth 1974; Whittaker 1994). Given that there is a well-established
relationship between platform dimensions and flake size, investigating variation in
platform thickness and platform width is a logical way to investigate changes in artefact
size between Mt Carmel's assemblages.

Platform width is extremely variable across the assemblages (Figure 7.5). Most notable is
the high degree of variation between the Acheulean assemblages, compared with variation
between assemblages in the Levalloiso-Mousterian

and Aurignacian.

Within the

Acheulean assemblages, the End-bulb scraper assemblages have consistently

lower

distributions of platform width than the Side-bulb scraper assemblages, or assemblages
made up of other scraper types. The two earliest Acheulean assemblages, T G and T F,
also have low distributions of platform width. Distributions of platform width seem to be
more narrowly focused, and lower, among the Levalloiso-Mousterian and Aurignacian
assemblages.
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Figure 7.5. Boxplot of the platform width of scrapers, by assemblage.

Group 1
Group 2
Group 3
H H H H H H H H H H H H H H H H H H H
00 O D m m m m m m m m m m m m -n CD
o n
V—/ m Tl o o3- O
Q) Q] Q)
o o Q. Q. a.
3"
,—, (T o ,—V
,—, ,—,
m w
m
m w
m w
ro §
00 CO
00
cn
C
O w
w
3
Aurignacian
assemblages

Levalloiso-Mousterian
assemblages

Acheulean
assemblages

Figure 7.6. Assemblages grouped according to platform width. Groups generated based on nonsignificant differences (sig. > 0.05) from pairwise comparisons (Games-Howell).

All of the assemblages can be included within three homogenous groups (Figure 7.6), each
of which is made up of assemblages showing no significant inter-assemblage differences (p
> 0.05).

The statistical tests used to construct Figure 7.6 were Games-Howell pairwise

comparisons carried out between all assemblages - this test was used due to the inequality
of variences between assemblages. The detailed results of these pairwise comparisons are

presented in Appendix F, Table F.2. The significance values obtained from the pairwise
comparisons are summarised in Appendix G, Table G.2.

The homogenous groups show that variation in platform width does not conform to
boundaries between industrial groups, and that each of the industrial groups displays
considerable amount of inter-assemblage variability.

Figure 7.6 confirms that the

Acheulean assemblages display the largest range of inter-assemblage variability.
the Acheulean assemblages fall only within group

1, the group with the

Six of
highest

distributions of platform width. Five other Acheulean assemblages fall only within groups
2 and 3. Only two Acheulean assemblages have a wide enough distribution to be included
in all three groups. By contrast, of the seven Levalloiso-Mousterian assemblages, five had
a sufficiently wide distribution to fall within all three groups.
assemblages, M E, was included in all three groups.

One of the Aurignacian

The other two Aurignacian

assemblages had a more narrowly focused distribution of platform width, with M D falling
only within group 3 and M C falling within groups 2 and 3.

All of the Levalloiso-Mousterian and Aurignacian assemblages are included within the
same group (group 3), meaning that none of these assemblages were significantly different
from each other. There is, in addition, no overall differences between the Acheulean and
either of the two later industries: all of the Acheulean assemblages fall into the same group
as the majority of the Levalloiso-Mousterian assemblages, and at least one Aurignacian
assemblage. In summary. Figure 7.6 shows that the greatest inter-assemblage variability in
platform width occurs between Acheulean assemblages. The boundaries between the three
industries are not associated with significant differences in platform width.

Platform thickness has been experimentally shown to be most closely associated with flake
thickness (Dibble and Whittaker 1981; Faulkner 1972; Pelcin 1996). Given the important
effect which artefact thickness was demonstrated to have on an artefact's reductive
difficulty in chapter 4, analysing changes in platform thickness across the assemblages is
informative of changes in reductive difficulty.

Many of the assemblages, particularly the Acheulean and Aurignacian assemblages, are
highly variable in their artefacts' platform thickness (Figure 7.7). Variation within each of
the Levalloiso-Mousterian assemblages is less pronounced.

Looking at each industrial

group separately, there is a large amount of variation between the Acheulean assemblages.
It is notable that the assemblages of End-bulb scrapers from each of the four layers have
some of the lowest distributions of platform thickness, and assemblages of Side-bulb
scrapers tend to have the highest distributions. The Aurignacian assemblages also appear
to have a large degree of inter-assemblage variability.

The Levalloiso-Mousterian

assemblages differ in having a very low degree of inter-assemblage variability compared
with the other two industries.

Platform thickness appears to differ across the boundary

between the Acheulean and the Levalloiso-Mousterian.

All

Levalloiso-Mousterian

assemblages appear to have a lower distribution of platform thickness than the Acheulean
assemblages.

There seems to be a slight increase in platform thickness from the

Levalloiso-Mousterian to the Aurignacian, but the large amount of variability within the
Aurignacian assemblages makes it difficult to judge how pronounced this increase is.
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Figure 7.7. Boxplot of the platform thickness of scrapers, by assemblage.
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Figure 7.8. Assemblages grouped according to platform tiiici<.ness. Groups generated based on
non-significant differences (sig. > 0.05) from pairwise comparisons (Games-Howeli).

All of the assemblages can be included within two homogenous groups (Figure 7.8), each
of which is made up of assemblages showing no significant inter-assemblage differences (p
> 0.05).

The statistical tests used to construct Figure 7.8 were Games-Howell pairwise

comparisons carried out between all assemblages - this test was used due to the inequality
of variences between assemblages. The detailed results of these pairwise comparisons are
presented in Appendix F, Table F.3. The significance values obtained from the pairwise
comparisons are summarised in Appendix G, Table G.3.

The homogenous groups show that there are no significant differences between any of the
Aurignacian and Acheulean assemblages, as all are included in group 1. In addition, all of
the Aurignacian and Levalloiso-Mousterian assemblages are included within group 2, so
none of these assemblages are significantly different from one another. The majority of
the Levalloiso-Mousterian assemblages fall only within group 2, and the majority of
Acheulean assemblages fall only within group 1, which means that the LevalloisoMousterian assemblages are significantly different from the majority of the Acheulean
assemblages.

The exceptions to this are the final Levalloiso-Mousterian assemblage (M

F), which is not significantly different from any Acheulean assemblage; and two
Acheulean assemblages (T Ec and T G), which are not significantly different from any of
the Levalloiso-Mousterian assemblages.

Broadly speaking, however, distributions of

platform thickness are significantly higher in the Acheulean than they are in the
Levalloiso-Mousterian.

This difference mirrors the change in artefact thickness seen

between these two industries.

There is no significant difference in platform thickness

across the boundary between the Levalloiso-Mousterian and the Aurignacian, however. It
is interesting that the Aurignacian assemblages are not significantly different to any other
assemblage, from either the Levalloiso-Mousterian or the Acheulean.

Clearly the

Aurignacian assemblages show a wider range of variability in platform thickness, resulting
in these assemblages being comparable with both the higher platform thicknesses of the
Acheulean assemblages and the lower platform thicknesses of the Levalloiso-Mousterian
assemblages.

The boundary between the Levalloiso-Mousterian and the Aurignacian

therefore corresponds with an increase in variability in artefact platform thickness.

Pooling assemblages to treat each industrial group as a single entity confirms that,
collectively, the Levalloiso-Mousterian artefacts have significantly thinner platforms than
artefacts from the Aurignacian or the Acheulean (Table 7.8).

The Acheulean and

Aurignacian are not significantly different in terms of their platform thickness.
Table 7.8. Pairwise comparisons (Games-Howell) o f platform thickness between the industrial
groups.

Aurignacian vs Levalloiso-Mousterian
Levalloiso-Mousterian vs Acheulean
Aurignacian vs Acheulean

Mean difference
2.092
-2.853
-.671

Sig.
.016
<.001
.554
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Figure 7.9. Boxplot of artefact thickness, by assemblage.

The thickness of scrapers varies across the assemblages, and variability appears to c o n f o r m
to the divisions between the three different industries (Figure 7.9).

The Acheulean and

Aurignacian assemblages have a higher median thickness than all Levalloiso-Mousterian
assemblages f r o m both sites.

Although there is considerable overlap between

the

distributions of all assemblages, distributions are notably lower in Levalloiso-Mousterian
assemblages than in other assemblages.

As was the case for artefact weight, the

Aurignacian assemblages show more variability between assemblages than either of the
other two industrial groups.

Again, M E has the highest distribution, and M C has the

lowest. The distributions of thickness are uniformly low a m o n g the Levalloiso-Mousterian
assemblages.

Distributions of thickness are m u c h more uniform a m o n g the Acheulean

assemblages than was the case for artefact weight.

The three assemblages which were

noticeably heavier than all other assemblages, those from Tabun Ea, are not uniformly
thicker than other Acheulean assemblages. Overall, there appears to be a close relationship
between the three industrial groups and noticeable changes in artefact thickness. Artefacts
are thicker in the Acheulean, and b e c o m e thinner in the Levalloiso-Mousterian, but the
thickness of artefacts increases again in the Aurignacian. The thicker artefacts in the initial
Aurignacian

assemblages

appear

to

be

similar

to the

artefacts in the

Acheulean

assemblages, but artefact thickness decreases again in the final Aurignacian assemblage (M
C).
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Figure 7.10. Assemblages grouped according to artefact thickness. Groups generated based on
non-significant differences (sig. > 0.05) from pairwise comparisons (Games-Howeli).

The assemblages were divided into four homogenous groups, each of which is made up of
assemblages showing no significant difference (p > 0.05), which highlight the significant
differences between groups of assemblages (Figure 7.10).

The statistical tests used to

construct Figure 7.10 were Games-Howell pairwise comparisons carried out between all
assemblages - this test was used due to the inequality of variences between assemblages.
The detailed results of these pairwise comparisons are presented in Appendix F, Table F.4.
The significance values obtained from the pairwise comparisons are summarised in
Appendix G, Table 0.4.

All of the Acheulean assemblages are included within the two groups with the highest
distributions of artefact thickness, group 1 and group 2. All but one Acheulean assemblage
(T Ec, SBS) fall within group 1. None of the Levalloiso-Mousterian assemblages, from
either site, are included in either of these two groups.

Of the Levalloiso-Mousterian

assemblages, all but one assemblage (T Ch I) fall within group 3. Four of Tabun's five
Levalloiso-Mousterian assemblages fall within group 4, which is the group that includes
the assemblage with the lowest distribution of artefact thickness. The three Aurignacian
assemblages fall into group 1 or group 2, meaning that each of these assemblages is not
significantly different from the majority of the Acheulean assemblages. Interestingly, the
most recent of the Acheulean assemblages (M C) is also included in group 3, meaning that
it showed no significant difference to the majority of the

Levalloiso-Mousterian

assemblages. The groups depicted in Figure 7.10 confirm the impression of changes in
artefact thickness gained from the boxplot of Figure 7.9. The Acheulean assemblages are
largely homogenous in terms of the thickness of their scrapers, but significantly different
from all of the subsequent Levalloiso-Mousterian assemblages.

An increase in the

thickness of scrapers occurs with the advent of the Aurignacian, with the two earliest
Aurignacian assemblages being in the same groups as the Acheulean assemblages.

A

decrease in thickness occurs in the final Aurignacian assemblage, which shows nonsignificant differences with the majority of Acheulean assemblages and the majority of
Levalloiso-Mousterian assemblages.

Pooling artefacts from assemblages within each industrial group confirms that artefacts are
significantly thinner in the Levalloiso-Mousterian assemblages than in the Acheulean or
Aurignacian assemblages (Table 7.9). Artefacts from the Acheulean and Aurignacian are
not significantly different in terms of their thickness.

Table 7.9. Pairwise comparisons (Games-Howeil) of artefact thickness between the industrial
groups.
Aurignacian vs Levalloiso-Mousterian
Levalloiso-Mousterian vs Acheulean
Aurignacian vs Acheulean

Mean difference
4.521
-4.706
-.185

Sig.
<.001
<.001
.940

The patterns of change in artefact thickness across the assemblages is of significance to the
possibility of identifying extension strategies being employed by the knappers who created
the assemblages.

The pronounced effect of an artefact's thickness on its reductive

difficulty was the major conclusion obtained from the experiments carried out in chapter 4.
The decrease in the thickness of scrapers in the Levalloiso-Mousterian indicates that
problems in the reduction process would be less frequent and less severe than for the
thicker scrapers of the Acheulean and Aurignacian assemblages.

The experimental

evidence, that the thickness of an artefact is a useful proxy of its reductive difficulty,
means that this variable is of importance in identifying the existence of extension
strategies. For this reason, changes in artefact thickness are worthy of further analysis: in
particular, the relationship between artefact thickness and other variables of artefact
morphology will be explored.

The ratio of an artefact's width to its thickness is defined here as its "transverse
elongation". Transverse elongation is therefore the elongation of the artefact through the
section along which its width is measured.

Measuring the transverse elongation of an

artefact provides an idea of how artefact thickness is related to overall artefact size. This is
of particular relevance to the overall aim of this study, namely the identification of
extension strategies. Although thickness is closely related to reductive difficulty, reductive
difficulty is not a proxy which can be used in isolation if extension strategies are to be
identified. The concept of reduction potential is an important component of the extension
strategy concept, as was discussed in chapter 2. As an indicator of artefact size, the width
of an artefact is an indicator of an artefact's gross reduction potential. The ratio between an
artefact's width and its thickness reflects the ratio between the artefact's reduction potential
and its reductive difficulty.
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Figure 7.11. Boxplot of the transverse elongation of scrapers, by assemblage.

Variation in transverse elongation across the assemblages appears to be similar to artefact
thickness, and seems to conform closely to the boundaries between the three different
industries (Figure 7.11).

All of the Acheulean assemblages have noticeably lower

distributions of transverse elongation than the Levalloiso-Mousterian assemblages from
both sites. Interestingly, the final Levalloiso-Mousterian assemblage, M F, seems to have
a lower distribution of transverse elongation, and approaches that of the two earliest
Aurignacian assemblages, M E and M D. Given that layer F at Mugharet el-Wad was
proposed to contain a "transitional" industry incorporating both Middle and Upper
Palaeolithic implement types, it is interesting that the distribution of transverse elongation
in M F is intermediate between the Levalloiso-Mousterian assemblages and the two initial
Aurignacian assemblages.

The distribution of transverse elongation of the Aurignacian

assemblages is low, and comparable to the Acheulean assemblages. The final Aurignacian
assemblage, M C, has a slightly higher distribution than the earlier Aurignacian
assemblages, and is therefore more close to the Levalloiso-Mousterian assemblages. In the
analysis of artefact thickness, this assemblage was also closer to the Levalloiso-Mousterian
assemblages than the two earlier Aurignacian assemblages were.
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Figure 7.12. Assemblages grouped according to transverse elongation. Groups generated based on
non-significant differences (sig. > 0.05) from pairwise comparisons (Games-Howell).

The assemblages were divided into three homogenous groups, each of which is made up of
assemblages showing no significant difference (p > 0.05) (Figure 7.12).

The statistical

tests used to construct the homogenous groups were Games-Howell pairwise comparisons
carried out between all assemblages - this test was used due to the inequality of variences
between assemblages. The detailed results of these pairwise comparisons are presented in
Appendix F, Table F.5. The significance values obtained from the pairwise comparisons
are summarised in Appendix F, Table F.5.

The homogenous groups confirm the observation that each of the three industries is largely
homogenous in terms of similarities between their assemblages.

The Acheulean

assemblages are not all included in a single group: instead, all but one of the assemblages
(T Ea, EBS) fall within the group with the lowest distributions (group 3), and all but one of
the assemblages (T Ed) fall within group 2.

All of the

Levalloiso-Mousterian

assemblages, from both sites, fall within group 1, having the highest distributions of
transverse elongation. The Aurignacian assemblages all fall within both group 1 and group
3. Consequently, all of the Aurignacian assemblages show no significant difference to all
of the Acheulean assemblages.

The groups show that the Levalloiso-Mousterian

assemblages are significantly different from all assemblages from the preceding Acheulean
and the subsequent Aurignacian, with the exception of T Ea (SBS) and M C. The grouping
of assemblages according to transverse elongation is very similar to their grouping
according to thickness.

The assemblages follow much the same pattern of variation

according to both their absolute thickness, and also in terms of their thickness relative to
their width.

Pooling assemblages to treat each industrial group as a single entity confirms that
transverse elongation is significantly higher for Levalloiso-Mousterian artefacts than for
Acheulean or Aurignacian artefacts (Table 7.10).

There is no significant difference

between Acheulean and Aurignacian artefacts in terms of transverse elongation.

Table 7.10. Pairwise comparisons (Games-Howell) of transverse elongation between the industrial
groups.
Aurignacian vs Levalloiso-Mousterian
Levalloiso-Mousterian vs Acheulean
Aurignacian vs Acheulean

Mean difference
-1.6728
1.4750
-.1978

Sig.
<.001
<.001
.391

The variations in transverse elongation, showing as they do the variation in artefact
thickness relative to artefact width, show that the smaller values of thickness seen in the
Levalloiso-Mousterian assemblages are not simply a result of the artefacts in these
assemblages being smaller overall.

This is an important observation, given that the

relationship between artefact thickness and reductive difficulty. Artefacts are thinner in
the Levalloiso-Mousterian assemblages, and that this reduction in thickness does not
correspond with a proportional reduction in artefact width. This indicates that the artefacts
in these assemblages have a smaller reductive difficulty than those of other assemblages.

without a proportional decrease in their widths. I f we take artefact width to be an indicator
of artefact size, then a decrease in transverse elongation is indicative of decreased
reductive difficulty occurring without a sacrifice in the form of decreasing artefact size.
Clearly, the weakness in drawing this conclusion from the results presented so far is that it
relies on accepting the premise that artefact width can be taken as a proxy of artefact size,
which is a somewhat simplistic assumption. The relationship between reductive difficulty
and artefact size will be developed further in the following chapter.

Platform elongation was measured as the ratio between platform width and platform
thickness. High values of platform elongation therefore indicate a platform which is wide
relative to its thickness.

Examining the distributions of platform elongation across

assemblages is of value for two reasons. First, there is some experimental data to suggest
that platform elongation is associated with the transverse elongation of flakes, in that a
highly elongated platform will be associated with a flake that is wide relative to its
thickness (Pelcin 1996, 1997c; Phagan 1976).

Second, examining the ratio between

platform width and platform thickness allows us to see how closely these two dimensions
are associated with one another in the different assemblages.

A narrow distribution of

platform elongation is indicative that the ratio of platform width to thickness is similar for
all the flakes in an assemblage, while a wider distribution of platform elongation indicates
that the relative dimensions of flake platforms is more variable.

Platform elongation is

therefore informative of patterns of flake production within and between assemblages in a
way that examining platform thickness and platform width separately is not.

The distributions of platform elongation appear to be fairly consistent across all of the
assemblages (Figure 7.13). The three Aurignacian assemblages appear to differ in having
more narrowly

focused and

lower distribution of platform

elongation

than other

assemblages, while some of the Levalloiso-Mousterian assemblages appear to have a
higher distribution than other assemblages.

Overall, though, it is difficult to see clear

differences between assemblages from Figure 7.13, either in the assemblages' central
tendencies or in the spread of their distributions.
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Figure 7.13. Boxplot of the platform elongation of scrapers, by assemblage.
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Figure 7.14. Assemblages grouped according to platform elongation. Groups generated based on
non-significant differences (sig. > 0.05) from pairwise comparisons (Games-Howell).

All of the assemblages can be included within three homogenous groups (Figure 7.14),
each of which is made up of assemblages showing no significant inter-assemblage
differences (p > 0.05).

The statistical tests used to construct Figure 7.14 were Games-

Howell pairwise comparisons carried out between all assemblages - this test was used due
to the inequality of variences between assemblages. The detailed results of these pairwise

comparisons are presented in Appendix F, Table F.6. The significance values obtained
from the pairwise comparisons are summarised in Appendix G, Table G.6.

The homogenous groups largely confirm the impression gained from Figure 7.13, that the
assemblages are largely similar in terms of their platform elongation. All of the Acheulean
assemblages fall within a single group (group 2).

All of the Levalloiso-Mousterian

assemblages fall within group 1. All of the Aurignacian assemblages fall within group 3.
Each of the three industries therefore shows no significant inter-assemblage differences.
Across all assemblages, only four assemblages do not fall within group 2.

Three

Levalloiso-Mousterian assemblages (M G, T Ch I and T Ch II) are included only within
group 1, and one Aurignacian assemblage (M D) is included only within group 3.
Platforms therefore tend to be wider relative to their thickness in three of the LevalloisoMousterian assemblages, and narrower relative to their thickness in one of the Aurignacian
assemblages.

Even these assemblages with particularly high or low distributions of

platform elongation show similarities to a considerable number of the other assemblages at
the two sites, however. The three Levalloiso-Mousterian assemblages that have the highest
distributions still show non-significant differences to assemblages from all three industries.
The same is true of the Aurignacian assemblage with the lowest distribution of platform
elongation.

In summary, while some inter-assemblage variability shows that platform

elongation is higher in some Levalloiso-Mousterian assemblages and lower in one
Aurignacian assemblage, all of the other assemblages from the two sites show no
significant inter-assemblage differences.

Discussion

One of the most notable impressions gained through the analyses of blank morphology
presented in this chapter is the high degree of internal homogeneity within each of the
three different industrial groups.

Differences in blank morphology generally occur

between the industrial groups, rather than within any of the industrial groups. Changes that
occur across the assemblages often conform to the boundaries between the three industrial
groups. The pattern of change is also generally cyclical through time: the Acheulean and
Aurignacian assemblages show a high degree of similarity to one another, while the
Levalloiso-Mousterian assemblages are often different from the other two industrial
groups.

The pattern of cyclical change across the assemblages is particularly evident in the
discontinuous variables analysed at the outset of the chapter. The Levalloiso-Mousterian
assemblages are different from the preceding Acheulean and subsequent Aurignacian
assemblages in having more complex platform surface morphologies, more frequent
platform faceting, less dorsal cortex, and more dorsal flake scars. These data indicate that
the Levalloiso-Mousterian artefacts, in comparison with artefacts from the other industrial
groups, are made on flakes which were produced at a later stage of core reduction, and are
the result of a system of core reduction in which more emphasis was placed on platform
preparation.

This is consistent with the predominance of Levallois cores and Levallois

flakes documented in these assemblages (Garrod and Bate 1937).

If Levallois core

reduction was the predominant core-reduction strategy employed by the knappers who
produced the Levalloiso-Mousterian assemblages, it would be expected that flake blanks
would commonly show signs of platform preparation, and would commonly be tertiary
flakes with multiple dorsal flake scars present. This distinctive combination of aspects of
flake blank morphology sets the Levalloiso-Mousterian assemblages apart from the
Acheulean

and

Aurignacian

assemblages,

in which

these aspects of flake

blank

morphology are far less frequent.

Significant changes in the reductive difficulty and reduction potential of artefacts occur
across the boundary between the Acheulean and the Levalloiso-Mousterian, and again
across the boundary between the Levalloiso-Mousterian and the Aurignacian.

These

changes follow a cyclical pattern through time, with the morphology of artefacts in the
Aurignacian and Acheulean being similar, while those of the Levalloiso-Mousterian are
different from both other industrial groups.

The change which occurs at the boundary

between the Acheulean and Levalloiso-Mousterian is reversed across the boundary
between the Levalloiso-Mousterian and the Aurignacian.

The thickness of artefacts, as

well as the platform thickness of artefacts, decreases significantly in the LevalloisoMousterian relative to the other two industrial groups.

These data indicate that the

reductive difficulty of the Levalloiso-Mousterian artefacts is less than either the Acheulean
or Aurignacian artefacts. A decrease in reductive difficulty in the Levalloiso-Mousterian
assemblages potentially indicates that flake blanks were being produced, and selected to be
retouched,

by

knappers

who

placed

a

greater

emphasis

on

extension

implementation than is the case in either the Acheulean or Aurignacian.

strategy

The lower

reductive difficulty of flake blanks could be a means of facilitating the reduction of these
blanks, perhaps in anticipation of situations in which re-provisioning stress is high and
extended reduction of artefacts will be advantageous.

The possibility that the Levalloiso-Mousterian assemblages indicate an increased emphasis
on extension strategy implementation is strengthened by the analysis of artefacts' reduction
potential relative to their reductive difficulty.

Artefacts in the Levalloiso-Mousterian

assemblages have higher values of transverse elongation.

This indicates that their

reduction potential, relative to their reductive difficulty, is higher than that of artefacts
from the other two industrial groups. Again, the pattern of change is cyclical through time,
with the decrease in transverse elongation across the boundary between the Acheulean and
the Levalloiso-Mousterian being followed by a comparable increase across the boundary
between the Levalloiso-Mousterian and the Aurignacian.

These data provide further

evidence that the morphology of fiake blanks in the Levalloiso-Mousterian could be the
result of an increased emphasis being placed on extension strategy implementation in these
assemblages. Increasing the ratio of artefacts' reduction potential relative to their reductive
difficulty would be of benefit for knappers who wished to facilitate artefact reduction.
Producing flake blanks with a higher ratio of reduction potential to reductive difficulty
could consequently be one way of implementing an extension strategy.

The data provided from the analysis of flake blank morphology potentially indicate that
there was an increased emphasis being placed on extension strategy implementation by the

humans who produced the Levalloiso-Mousterian assemblages.

The following chapter,

which analyses variables relating the retouched edges of artefacts from the different
assemblages, will be able to build upon this interpretation. The analyses in the following
chapter will provide more comprehensive information on the reductive difficulty of
artefacts, adding further data to those presented in this chapter. In addition, the analysis of
retouch characteristics will provide information on the intensity of reduction carried out on
artefacts in the different assemblages. Changes in the intensity with which artefacts were
reduced across the Mount Carmel assemblages will be a key element in testing the
tentative finding of this chapter: that the Levalloiso-Mousterian shows evidence of an
increased emphasis being placed on extension strategy implementation.

If extension

strategies were emphasised more in the Levalloiso-Mousterian assemblages than in
assemblages from the other two industrial groups, then it would be expected that the
intensity of reduction will also increase in these assemblages. Implementing an extension
strategy facilitates the reduction process through decreasing the likelihood and severity of
problems occurring during the reduction process. Situations in which extension strategies
are advantageous will consequently be those in which the re-provisioning stress associated
with replacing artefacts is high, and being able to extend the reduction of artefacts is
consequently preferable to replacing those artefacts.

A technological system which

operates in situations where it is advantageous to implement extension strategies would,
therefore, also be one in which artefacts ended up being reduced intensively. Simply put,
an extension strategy is a means of planning for high anticipated re-provisioning stress, and
reducing artefacts intensively is carried out as a response to high re-provisioning stresses
as they are encountered.

It would be expected that the implementation of extension

strategies and the intensive reduction of artefacts would be associated in artefact
assemblages. Information on the relative intensity with which artefacts have been reduced
across the assemblages at Mount Carmel will therefore provide valuable information that
can be used to test the interpretation that the Levalloiso-Mousterian assemblages show
evidence of an increased emphasis being placed on extension strategy implementation.

8

Identifying extension strategies through changes in
retouch patterns at the Mount Carmel caves

Two aspects of reductive difficulty will be explored in this chapter. The first of these is the
immediate reductive difficulty of artefacts. This refers to the relative difficulty involved in
removing the next retouch flake, or the next series of retouch flakes along the artefact's
edge. The extent to which the retouched edges of an artefact are taken up by abruptlyterminating retouch scars is used as an indicator of the artefacts' immediate reductive
difficulty.

The problems posed by abruptly terminated flake scars mean that an edge

which has a greater proportion of its length covered by abruptly terminated scars will have
a greater immediate reductive difficulty.

The other variable which can be used as an

indicator of immediate reductive difficulty is an artefact's retouch thickness.

Retouch

thickness refers to the thickness of the retouched edge, measured at the retouched edge (see
Appendix C for details on all measurements). Chapter 4 established that the thickness of
an artefact is a major factor in determining the likelihood of problems occurring during
flake production. For this reason, the thickness of an artefact's retouched edge indicates
the reductive difficulty which will be involved in removing the next flake, or set of flakes,
from the artefact.

Measuring the immediate reductive difficulty of artefacts is useful

because it provides an assessment of how difficult it would have been for a knapper to
continue reduction at the point when the artefact was discarded.

Immediate reductive

difficulty can provide information on threshold levels of reductive difficulty at which
artefacts were commonly discarded.

This can be used to indicate changes in re-

provisioning stress, as situations of high re-provisioning stress would create an incentive
for knappers to discard artefacts only when their immediate reductive difficulty was high.
In situations of low re-provisioning stress, the incentive to continue artefact reduction
would be less, and so artefacts with low immediate reductive difficulty would be more
likely to be discarded.

The other aspect of reductive difficulty which will be assessed is the ultimate

reductive

difficulty of artefacts. This refers to the overall likelihood of problems occurring as flakes
are removed throughout the reduction process.

Experimentally, it was demonstrated in

chapter 4 that characteristics of a blank's morphology play an important role in determining
the blank's reductive difficulty. The thickness of a flake blank is closely linked with the
difficulty inherent in removing retouch flakes. The locations where retouched flakes are
removed from the blank changes with each flake removal, and so the thickness of the
retouched edge is potentially different for each flake which is struck.

The maximum

thickness of the blank usually remains unchanged as a flake is reduced, as it is generally
not intruded on or removed by retouch scars. The maximum thickness of the blank can
therefore serve as an indication of the ultimate reductive difficulty of the blank: as flakes
are removed from the edge of an artefact, the retouched edge advances across the blank,
and advances toward the point where the blank is thickest.

Retouching a blank with a

higher maximum thickness means that the retouched edge has the potential to also reach
this high value of maximum thickness, and consequently will have the potential of having
a high reductive difficulty. The spine plane angle of the blank is also a good indicator of
ultimate reductive difficulty. A high spine plane angle means that the thickness of the edge
being retouched would increase at a greater rate than it would if the spine plane angle were
low.

Consequently, removing flakes from the edge would become problematic at an

earlier point in the reduction process.

Spine plane angles are measurable on most flake

blanks, as they are preserved on all artefacts except the ones most intensively retouched.
They are a good indicator of ultimate reductive difficulty for this reason.

Assessing artefacts' ultimate reductive difficulty provides data on whether prehistoric
humans were selectively using blanks which are likely to experience fewer problems
during the reduction process.

The selection, by humans, of blanks with low ultimate

reductive difficulty would be a key part of an extension strategy, as artefacts with low
ultimate reductive difficulty are less likely to experience problems as they are reduced.
Preferentially producing blanks with low ultimate reductive difficulty would be a way of
responding to anticipated conditions of high re-provisioning stress, since these artefacts
would have a high potential to be reduced without problems occurring. The identification
of assemblages in which artefacts have relatively low ultimate reductive difficulty could
indicate that an extension strategy was being implemented by the humans who produced
those assemblages.

The intensity of artefact reduction will also be measured, using the Geometric Index of
Unifacial Reduction (GIUR) developed by Kuhn (1990). This measurement provides the

most accurate available proxy for the amount of material which has been removed from a
unifacially retouched flake blank (Hiscock and Clarkson 2005a, 2005b, 2009). Being able
to measure reduction intensity as well as the reductive difficulty of flake blanks adds an
important dimension to interpreting the strategies of blank production and reduction at the
two sites, and enhances the potential of identifying whether there was a changing emphasis
placed, at different times, on implementing extension strategies.

Reduction intensity

provides data on the extent to which prehistoric people were sensitive to the reductive
difficulty of flake blanks. Changes in reductive difficulty across time might be indicative
of changing emphasis being placed on extension strategies, but measuring reduction
intensity demonstrates whether changes in reductive difficulty were responded to in terms
of differential amounts of reduction. Clearly, the interpretation of a change in reductive
difficulty will be quite different according to whether this change coincides with a change
in reduction intensity. It would be expected that artefacts with lower reductive difficulty
would be retouched to a greater extent, if artefacts with low reductive difficulty are being
intentionally selected as part of an extension strategy.

The extension strategy concept,

after all, equates to producing blanks which have the potential to be retouched to a greater
extent.

Using Kuhn's index of unifacial reduction enables us to test whether the two

variables are in fact linked, or whether they vary independently of each other.

The range of measurements used in the course of this chapter will therefore provide a
comprehensive understanding of how the unifacial artefacts at Mount Carmel were
selected and retouched. These measurements will be informative of the relative extent to
which

extension

strategies

were being employed

at the site across the different

assemblages excavated and collected by Dorothy Garrod.

All retouch characteristics discussed in this section were measured for each retouched
"segment" present on artefacts. Each of an artefact's two margins were divided into three
equal sized segments, with the platform of the artefact (if present) making up a seventh
segment.

For each segment, any dorsal retouch present had the measurements discussed

here carried out on it. Measurements for each segment were taken at the midpoint of the
length of dorsally retouched edge which fell within the segment.

The way in which

artefacts were divided into segments, and the location at which measurements were taken,
is described in detail in Appendix C.

Changes in the immediate

reductive difficulty of artefacts across

assemblages

The percentage of abruptly retouched edge was calculated by measuring, for each segment,
the proportion of the retouched edge which was taken up by step or hinge-terminated
retouch flake scars. The retouched segments' measurements were then added together, to
give a percentage of the artefact's retouched edge that was taken up by abruptly terminated
scars. This measurement therefore focuses on the width of the abruptly-terminated flake
scars, and the combined portion of the retouched edge which their widths took up. This
method takes no special notice of portions of the retouched edge where abruptly terminated
flake scars overlap one another. "Overlapping" of abruptly terminated flake scars means,
in this sense, when one flake scar occupies an overlapping portion of the retouched edge,
which would mean that a line drawn perpendicular to the edge of the artefact would pass
across two or more step or hinge terminations. The decision to view overlapping abrupt
scars in the same way as a single abrupt scar was based on the results of the experiments
carried out in chapter 4. The experiments which explored the effect of abruptly terminated
flake scars showed that a single abruptly terminated scar affects the reductive difficulty of
an artefact. These experiments did not investigate whether the effects would be different if
two or more overlapping abrupt scars were present.

Given that the effect of abruptly

terminated scars on the fracture process was demonstrated experimentally to operate when
only a single abruptly terminated scar is present, the decision was made to treat single
abrupt scars in the same way as overlapping abrupt scars when measuring the artefacts
from Mount Carmel.

The controlled experiments presented in chapter 4 demonstrated that abruptly terminated
retouch scars present a problem for the reduction process, in that they make it more likely
that further retouch flakes will also terminate abruptly. The outcome of these experiments
was the principle that the amount of abrupt retouch present on an artefact can be used as an
indicator of that artefact's reductive difficulty.

Since the presence of an abruptly

terminated scar creates a problem for a fracture propagating immediately behind the scar,
its presence creates an immediate problem in the reduction process, as it creates a problem
for the next flake that is removed from the same area of the artefact's edge. The amount of
abruptly terminated retouch on an artefact will have the effect of increasing the artefact's

immediate reductive difficulty. The concept of an artefact's immediate reductive difficulty
refers to the likelihood that problems will occur during the next set of flake removals. The
presence of abruptly terminated retouch scars causes an immediate problem for the
reduction process, as opposed to an overall or permanent problem.

Increasing the proportion of the retouched edge that is taken up by abruptly terminated
flake scars increases the artefact's immediate reductive difficulty for two reasons.

Flakes

removed from the parts of the retouched edge that already have abruptly retouched scars on
them would be more likely to terminate abruptly themselves.

In addition, the fact that a

smaller proportion of the artefact's edges are free from abruptly terminated scars would
restrict the options available to the knapper in selecting less problematic regions of the
edge to remove flakes from. For these two reasons, as was discussed in chapter 4, a larger
proportion of retouched edge taken up by abruptly terminated retouch translates to a
greater immediate reductive difficulty for the artefact.
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Figure 8.1. Boxpiot of the percentage of the retouched edge taken up by abruptly terminated
(stepped or hinged) retouch flake scars, by assemblage.

The range of percentages of abrupt retouched edge is noticeably greater in many of the
Acheulean assemblages than it is in the Levalloiso-Mousterian or Aurignacian assemblages
(Figure 8.1). Apart from the earliest Levalloiso-Mousterian assemblage, T D, for all of the
assemblages after the Acheulean have a median percentage of zero, while the central
tendencies of all Acheulean assemblages apart from T G are greater than zero. Three of
the assemblages (T G, M G and M F) are distributed so narrowly at zero that only outlier
artefacts have values greater than zero. The amount of abrupt retouch on the artefacts from
M F and M G does not indicate that these two assemblages represent a midpoint between
the earlier Levalloiso-Mousterian assemblages and the Aurignacian assemblages, given
that their distributions are noticeably lower than either group. For this variable, then, the
proposition that these assemblages represent a "transitional" industry between the late
Middle and early Upper Palaeolithic is not supported. Apart from these two assemblages,
the distributions of the percentage of abrupt retouch are similar between all of the
Levalloiso-Mousterian and the Aurignacian assemblages.
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Figure 8.2. Assemblages grouped according to percentage of abrupt retouched edge. Groups
generated based on non-significant differences (sig. > 0.05) from pairwise comparisons (GamesHowell).

All of the assemblages can be included within four homogenous groups (Figure 8.2), each
of which is made up of assemblages showing no significant inter-assemblage differences (p
> 0.05). The statistical tests used to construct Figure 8.2 were Games-Howell pairwise
comparisons carried out between all assemblages - this test was used due to the inequality
of variences between assemblages. The detailed results of these pairwise comparisons are
presented in Appendix H, Table H.l. The significance values obtained from the pairwise
comparisons are summarised in Appendix I, Table I.l.

The homogenous groups highlight the difference between the majority of the Acheulean
assemblages and the Levalloiso-Mousterian and Aurignacian assemblages.

All of the

Acheulean assemblages except T G fall within group 1 or group 2, with six assemblages
being

included

in

both

groups.

O f the

Levalloiso-Mousterian

and

Aurignacian

assemblages, all but one (M F) fall within group 3, and all but two (M D and T Ch II) fall
within group 4.

The groups confirm the observations made from Figure 8.1: that the

Levalloiso-Mousterian

and Aurignacian

assemblages show significantly

retouch than the Acheulean assemblages, with the exception of T G.

less abrupt

T G was initially

designated as Tayacian by Garrod, and she described it as being different from the later
Acheulean assemblages in having fewer retouched implements.
support the observation that T G
assemblages at Tabun.

The data presented here

is significantly different from other Acheulean

In summary, the amount of abrupt retouch decreases across the

boundary between the Acheulean and the Levalloiso-Mousterian, but there is no difference
across the boundary between the Levalloiso-Mousterian and the Aurignacian.

Pooling the assemblages from each industrial group, to treat each of the industrial groups
as a single entity, confirms the significantly higher frequency of abruptly terminated
retouch on artefacts in the Acheulean. The Aurignacian and the Levalloiso-Mousterian are
not significantly different from one another, while both have significantly

lower

percentages of abruptly retouched scars than the Acheulean (Table 8.1). T G was omitted
from this analysis, given its significant difference from later Acheulean assemblages.

Table 8.1. Pairwise comparisons (Games-Howeli) of the percentage of abrupt retouch between the
industrial groups.

Aurignacian vs Levalloiso-Mousterian
Levalloiso-Mousterian vs Acheulean
Aurignacian vs Acheulean

Mean difference
2.5042
-25.6321
-23.1278

Sig.
.331
<.001
<.001

These data indicate a greater immediate reductive difficulty of artefacts in the Acheulean
assemblages compared with the Aurignacian or Levalloiso-Mousterian assemblages. The
fact that artefacts from the Acheulean assemblages have greater proportions of their edge
taken up with abruptly terminated flake scars means that successfully removing further

flakes from these artefacts would be more difficult than it would be in the case of artefacts
from the other assemblages.

The second indicator variable of the immediate reductive difficulty of artefacts is the
thickness of the retouched edge. The experiments presented in chapter 4 demonstrated that
abrupt terminations are more likely to occur on a thicker blank than a thin one. When the
experimental blanks were thin, fractures terminated on the distal free surface from a greater
range of initiation points on the platform. If blanks were made thicker, distal terminations
would occur from a narrower range of initiation points on the platform. The threshold
value above which distal terminations would occur was increased if blank thickness
increased, leading to a smaller "window" of platform thicknesses from which distally
terminating fractures could be initiated. Abrupt terminations were found to be much more
frequent on flakes which terminated on the proximal free surface, as opposed to those that
terminated on the distal free surface.

From this, it was argued that distal terminations

would be harder to induce when retouching a thick flake blank, and that therefore abrupt
terminations would tend to be more common.

As a consequence, the thickness of an artefact is an indicator of its reductive difficulty.
Measuring the retouch thickness, which is the thickness of the surface created by the
retouch flake scars, provides a measurement of the thickness of an artefact at points
immediately adjacent to its retouched edge.

This measurement is an indicator of the

artefact's immediate reductive difficulty, because the thickness of the artefact's retouched
edges indicates the reductive difficulty which would be encountered by a knapper
attempting to remove any further flakes from those retouched edges.
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Figure 8.3. Boxplot of the average retouch thickness of retouched segments of scrapers, by
assemblage.

Variation in retouch thickness, averaged for all retouched segments of each artefact,
corresponded very closely to the boundaries between the three industry groups (Figure
8.3).

Values of retouch thickness are relatively high across the Acheulean assemblages,

becoming noticeably lower in the Levalloiso-Mousterian assemblages, and becoming high
again in the Aurignacian assemblages.

The exception to this general affinity between

retouch thickness and industrial group is T G, which has a low distribution that seems
comparable to those in the Levalloiso-Mousterian assemblages.

As was also indicated

from the analysis of the percentage of abruptly terminated retouch, these data indicate that
artefacts in T G have a lower immediate reductive difficulty than those in other Acheulean
assemblages.
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Figure 8.4. Assemblages grouped according to average retouch thickness. Groups generated based
on non-significant differences (sig. > 0.05) from pairwise comparisons (Games-Howell).

All of the assemblages can be included within three homogenous groups (Figure 8.4), each
of which is made up of assemblages showing no significant inter-assemblage differences
(sig. > 0.05).

The statistical tests used to construct Figure 8.4 were Games-Howell

pairwise comparisons carried out between all assemblages - this test was used due to the
inequality of variences between assemblages.

The detailed results of these pairwise

comparisons are presented in Appendix H, Table H.2.

The significance values obtained

from the pairwise comparisons are summarised in Appendix I, Table 1.2.

The homogenous groups clearly show that there is very little inter-assemblage variability
within each of the industrial groups. The Aurignacian assemblages all fall within group 2,
while the Levalloiso-Mousterian assemblages all fall within group 3.
Acheulean

assemblage,

T

G,

is significantly

assemblages (see Appendix I, Table 1.2).

different from all

other

The earliest
Acheulean

Apart from this, the Acheulean assemblages

exhibited only one significant inter-assemblage difference, between T Ed and T Eb (EBS).
Apart from this single pairwise comparison, there are no significant inter-assemblage
differences within the Acheulean.

The Levalloiso-Mousterian assemblages all fall within group 3, having the lowest values of
retouch thickness, while none of the assemblages from the Aurignacian or Acheulean (with
the exception of T G) fall within this group.

Collectively, the Levalloiso-Mousterian

assemblages show significantly lower distributions of retouch thickness than either of the
other two industrial groups. The Aurignacian and Acheulean assemblages, in contrast, are
extremely similar to one another.

The only significant differences which occur between

the Aurignacian and the Acheulean concern M C, which is significantly different from five
Acheulean assemblages (see Appendix I, table 1.2).

Pooling the assemblages within each of the three industrial groups confirms the
significantly lower values of retouch thickness in the Levalloiso-Mousterian relative to the
other two industrial groups.

Collectively, there is no significant difference between the

Aurignacian and the Acheulean, while both industrial groups have significantly higher
distributions than the Levalloiso-Mousterian (Table 8.2).

T G was omitted from this

analysis, given its significant difference from the later Acheulean assemblages. These data
indicate that the immediate reductive difficulty of artefacts in the Levalloiso-Mousterian
was lower than during the Acheulean or the Aurignacian.

Table 8.2. Pairwise comparisons (Games-Howell) of average retouch thickness between industrial
groups (T G omitted).

Aurignacian vs Levalloiso-Mousterian
Levalloiso-Mousterian vs Acheulean
Aurignacian vs Acheulean

Mean difference
4.5802
-5.0715
-4.913

Sig.
<.001
<001
.565

Changes

in

the

ultimate

reductive

difficulty

of

artefacts

across

assemblages

The maximum thickness of an artefact's retouched segments is an indicator of the artefact's
uUimate reductive difficulty. As reduction proceeds, the retouched edge of each segment
advances into the main body of the artefact. The maximum thickness of the segment is the
maximum thickness which the retouched edge can reach. Because this maximum possible
thickness of the retouched edge is an indicator of the maximum possible reductive
difficulty which this retouched edge can attain, the maximum thickness of an artefact's
segments are a powerful indicator of the artefact's ultimate reductive difficulty.

The

measurements of maximum thickness, as with all of the retouch variables, are measured
only for segments on the artefact which have been retouched.

As a consequence,

measuring maximum thickness is particularly informative of artefact's ultimate reductive
difficulty, since it focuses not on the overall morphology of the flakes selected, but
specifically on the segments which were selected to be retouched.
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Figure 8.5. Boxplot of the average maximum thici<.ness of the retouched segments of scrapers, by
assemblage.

The average maximum thickness of the retouched segments of scrapers from Mount
Carmel's assemblages shows that there are noticeable and sharp changes in this variable
across the boundaries between the three industrial groups (Figure 8.5). Variation between
the three industrial groups is much more pronounced than the inter-assemblage variability
within any of the three groups.

The Acheulean assemblages all have distributions of

maximum thickness that are relatively high, although again the earliest assemblage (T G) is
quite different from other Acheulean assemblages, and has a much lower distribution.
There is a marked decrease in maximum thickness between the Acheulean assemblages
and the Levalloiso-Mousterian assemblages.

The Levalloiso-Mousterian assemblages

from both sites have noticeably lower distributions of maximum thickness than either the
Acheulean or Aurignacian assemblages. The earliest Aurignacian assemblage (M E) has
the highest distribution of maximum thickness, and there is a trend of declining maximum
thickness across the three Aurignacian assemblages.
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Figure 8.6. Assemblages grouped according to average maximum thickness. Groups generated
based on non-significant differences (sig. > 0.05) from pairwise comparisons (Games-Howell).

All of the assemblages can be included within three homogenous groups (Figure 8.6), each
of which is made up of assemblages showing no significant inter-assemblage differences
(sig. > 0.05).

The statistical tests used to construct Figure 8.6 were Games-Howell

pairwise comparisons carried out between all assemblages - this test was used due to the
inequality of variences between assemblages.

The detailed results of these pairwise

comparisons are presented in Appendix H, Table H.3.

The significance values obtained

from the pairwise comparisons are summarised in Appendix I, Table 1.3.

The

homogenous

groups

confirm

the

observation

that

the

Levalloiso-Mousterian

assemblages have lower values of maximum segment thickness than the preceding
Acheulean assemblages or the subsequent Aurignacian assemblages. Only one LevalloisoMousterian assemblage, T B, shows non-significant differences in pairwise comparisons
with

the

Acheulean

and

Aurignacian

assemblages,

and

even

this

assemblage

is

significantly different from the three assemblages from layer Ea, as well as one assemblage
from layer Ed. All of the Levalloiso-Mousterian assemblages are included within group 3,
showing that they exhibit no significant inter-assemblage differences.

The same inter-

assemblage homogeneity is true of the other two industrial groups: the three Aurignacian
assemblages are all included in group 2, and all but one of the fourteen Acheulean
assemblages is included within group 1.

Despite the fact that the earliest Acheulean

assemblage (T G) has a lower distribution of maximum thickness than some other
Acheulean assemblages, it still falls within the same group (group 2) as nine of the thirteen
other assemblages. The values of maximum thickness are relatively homogenous between
the Acheulean and the Aurignacian assemblages. Two of the Aurignacian assemblages are
included in the same groups as all Acheulean assemblages (falling within both group 1 and

group 2). The final Aurignacian assemblage, M C, falls only within group 2 - however this
still places it in the same group as ten of the fourteen Acheulean assemblages.

The boundaries between the three industries coincide with particularly sharp changes in
terms of maximum segment thickness. The final Acheulean layer at Tabun, Ea, has some
of the highest distributions of maximum thickness, with all of its assemblages falling only
within group 1.

The three assemblages from T Ea are significantly different from all

Levalloiso-Mousterian
assemblages

are

all

assemblages.
significantly

With the exception
different from all

of T G, the

of the

assemblages except T B (see Appendix I, Table 1.3).

Acheulean

Levalloiso-Mousterian

The boundary between the

Levalloiso-Mousterian and the Aurignacian coincides with a sharp increase in maximum
thickness, as the first two Aurignacian assemblages (M E and M D) are significantly
different from all Levalloiso-Mousterian assemblages with the exception of T B. Values of
maximum thickness decline in the final Aurignacian assemblage (M C): this assemblage is
only significantly different from one Levalloiso-Mousterian assemblage, T Ch I

(see

Appendix I, Table 1.3).

Pooling the artefacts to treat each industrial group as a single entity confirms that the
Levalloiso-Mousterian artefacts have significantly lower values of maximum thickness
than artefacts from the Aurignacian or the Acheulean.

The Aurignacian and Acheulean

artefacts are not significantly different from one another, while the Levalloiso-Mousterian
artefacts have significantly lower distributions of maximum thickness than both other
industrial groups (Table 8.3).

Table 8.3. Pairwise comparisons (Games-Howell) of average maximum thickness between
industrial groups.
Aurignacian vs Levalloiso-Mousterian
Levalloiso-Mousterian vs Acheulean
Aurignacian vs Acheulean

Mean difference
5.2615
-5.4979
-.2363

Sig.
<.001
<.001
.915

These data strongly indicate that the ultimate reductive difficulty of the flake blanks being
selected for retouch is lower in the Levalloiso-Mousterian assemblages than it is in either
the Acheulean or Aurignacian assemblages.

The lower values of maximum thickness

observed in the Levalloiso-Mousterian assemblages, as well as one Acheulean assemblage

(T G) and one Aurignacian assemblage (M C) provide evidence that the scrapers in these
assemblages were produced under a regime of blank selection and blank reduction
behaviours that placed emphasis on minimising ultimate reductive difficulty.

This is particularly important when it is considered that the Acheulean and Aurignacian
artefacts also have thicker retouched edges than the Levalloiso-Mousterian artefacts, as
shown in the analysis of retouch thickness in the previous section.

The emerging

impression of the artefacts in the Acheulean and Aurignacian assemblages is that they have
a higher immediate reductive difficulty, and a higher ultimate reductive difficulty than the
Levalloiso-Mousterian assemblages.

The spine plane angle of an artefact was shown to be potentially informative of the
ultimate reductive difficulty of an artefact, as a consequence of the importance of artefact
thickness in determining reductive difficulty. As an edge is cut back by successive flake
removals, the spine plane angle determines how rapidly the thickness of the edge will
increase as the edge "advances" into the flake blank. If a flake blank has a high spine plane
angle, then the edge will become thicker at a more rapid rate than would be the case if the
spine plane angle were lower, and as a consequence the reduction problems associated with
a thick flake blank will occur earlier in the reduction process.

For this reason, inter-

assemblage differences in spine plane angles could indicate changing emphasis being
placed on strategies of artefact extension through changing regimes of flake blank
selection.
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Figure 8.7. Boxplot of the average spine plane angle measured on the retouched segments of
scrapers, by assemblage.

All of the assemblages from Tabun and Mugharet el-Wad show widely dispersed spine
plane angle values, as averaged across all retouched segments (Figure 8.7). Most of the
assemblages have artefacts with spine plane angles ranging between less than ten degrees
and more than thirty degrees.

The Acheulean assemblages appear to generally have a

larger range of spine plane angles than other assemblages, but this is not universally true
for all Acheulean assemblages. There is some variation in the central tendencies, and the
spread of inter-quartile ranges of spine plane values between assemblages, but there are no
obvious or sharp changes in spine plane angle across the assemblages.

All of the assemblages can be included within two homogenous groups (Figure 8.8), each
of which is made up of assemblages showing no significant inter-assemblage differences
(sig. > 0.05).

The statistical tests used to construct Figure 8.8 were Games-Howell

pairwise comparisons carried out between all assemblages - this test was used due to the
inequality of variences between assemblages.

The detailed results of these pairwise

comparisons are presented in Appendix H, Table H.4. The significance values obtained
from the pairwise comparisons are summarised in Appendix I, Table 1.4.
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Figure 8.8. Assemblages grouped according to average spine plane angle. Groups generated based
on non-significant differences (sig. > 0.05) from pairwise comparisons (Games-Howell).

Only one assemblage, T Ed (EBS), is not included within group 2, and only two of the
assemblages, T Ec (SBS) and T Ed (SBS) are not included within group 1.

The only

significant differences identified by the inter-assemblage comparisons were between T Ed
(EBS) and these two other assemblages. If it were not for the fact that T Ed (EBS) shows a
significantly higher distribution of spine plane angle than T Ec (SBS) and T Ed (SBS), all
of the assemblages would have been included in the same homogenous group. These data
clearly indicate that the assemblages from both sites have comparable distributions of spine
plane angle, and that the only inter-assemblage differences occur between three Acheulean
assemblages.

There are no overall differences in spine plane angle between the three

different industrial groups.

Changes in reduction intensity across assemblages

The Geometric Index of Unifacial Reduction (Kuhn 1990), was used to indicate the
proportion of an artefact's mass removed by unifacial reduction. The GIUR measurements
were averaged across each artefact's retouched segments to measure how intensively the
retouched segments of the artefacts from each assemblage had been reduced.
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Figure 8.9. Boxplot of the average GIUR obtained from retouched segments of scrapers, by
assemblage.

The averaged GIUR measurements show that the inter-assemblage variation in reduction
intensity does not correspond closely with the boundaries between the three different
industries, and that there is instead a great deal of variation within each industry (Figure
8.9).

Three assemblages have notably low GIUR values, these being an Acheulean

assemblage (T G) and the two Levalloiso-Mousterian assemblages from Mugharet el-Wad
(M F and M G).

Acheulean assemblages (with the exception of T G) and Aurignacian

assemblages seem to generally have higher GIUR values than the Levalloiso-Mousterian
assemblages, but there is considerable variation within all of these industrial groups. One

Levalloiso-Mousterian assemblage in particular, T Ch I, has a much higher distribution of
GIUR values than the other assemblages in this industry.

Progressing upwards through the sites' layers, the assemblages from Tabun's E and F layers
appear to have similar distributions of GIUR values, which are higher than Tabun's basal
layer T G. Although the four E layers have similar distributions of GIUR, for each layer
the GIUR values of the end bulb scraper and side bulb scraper assemblages appears lower
than those of the other scrapers from the same layer. There does not appear to be a sharp
change in GIUR to coincide with the boundary between the final Acheulean layer (T Ea)
and the first Levalloiso-Mousterian layer (T D).

There is a trend of decreasing GIUR

distributions through the Levalloiso-Mousterian layers, with the exception of Tabun's
uppermost layer (T Ch 1), which has a much higher distribution of GIUR values than other
Levalloiso-Mousterian assemblages.

As has already been mentioned, the assemblages

from Mugharet el-Wad's two lowest layers have a lower distribution of GIUR values than
other Levalloiso-Mousterian

assemblages.

The boundary

between el-Wad's

final

Levalloiso-Mousterian layer (M F) and its first Aurignacian layer (M E) coincides with a
noticeable increase in reduction intensity.

The proposed status of M F and M G as

"transitional" assemblages is not supported by measurements of GIUR. as these
assemblages are not intermediate between Tabun's Levalloiso-Mousterian and el-Wad's
Aurignacian assemblages according to this variable. Progressing upward through the three
Aurignacian layers, there is a decline in the reduction intensity measured on their scraper
assemblages, with the final assemblage, M C, having a low distribution of GIUR which
appears comparable to some Levalloiso-Mousterian assemblages.
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Figure 8.10. Assemblages grouped according to average GIUR. Groups generated based on nonsignificant differences (sig. > 0.05) from pairwise comparisons (L-S-D).

All of the assemblages can be included within four homogenous groups (Figure 8.10), each
of which is made up of assemblages showing no significant inter-assemblage differences
(sig. > 0.05).

The statistical tests used to construct Figure 8.10 were L-S-D (Least

Significant Difference) pairwise comparisons carried out between all assemblages - this
test could be used due to the fact that varience was equal between the assemblages
(Levene's test, d.f = 23, sig. = 0.189). The detailed results of these pairwise comparisons
are presented in Appendix H, Table H.5.

The significance values obtained from the

pairwise comparisons are summarised in Appendix I, Table 1.5.

Only three assemblages are included within group 4, having the lowest GIUR values: the
basal Acheulean assemblage (T G), and the Mugharet el-Wad's two Levalloiso-Mousterian
assemblages (M F and M G). These three assemblages do not fall within any other group,
being significantly different from all other assemblages. The group with the second lowest
GIUR values, group 3, contains five assemblages, but only one of these (T Ch II) does not
also fall within group 2. Therefore, most of the Levalloiso-Mousterian assemblages show
no significant inter-assemblage differences, while T Ch II has significantly lower reduction
intensity, and M F and M G have a reduction intensity which is significantly lower than T
Ch II.

Group 2 is the most inclusive group, and it demonstrates that the Aurignacian assemblages
show no significant inter-assemblage differences.

This group also includes all of the

Levalloiso-Mousterian assemblages from Tabun with the exception of T Ch II. Six of the
fourteen Acheulean assemblages are also included in this group. Three of the four end

bulb scraper assemblages are included (the exception being T Ec EBS), as well as two side
bulb scraper assemblages (T Eb SBS and T Ed SBS), and the assemblage from T F.
Interestingly, none of the Acheulean assemblages that are not side bulb or end bulb
scrapers (that is, the other categories of scrapers) fall into group 2, and instead all of these
assemblages fall only within group 1.

Several Acheulean assemblages fall within both

group 1 and group 2, and in fact the only assemblages which are not included in group 1
are three of the end-bulb scraper assemblages (from T Ea, T Eb and T Ed) and the two
earliest assemblages, T F and T G.

Nine of the fourteen Acheulean assemblages are

included within group 1, demonstrating that the majority of Acheulean assemblages have
relatively high G I U R values. The only non-Acheulean assemblages included in group 1
are T Ch 1, already noted as having an exceptionally high distribution of G I U R values
relative to the other Levalloiso-Mousterian

assemblages,

and

the earliest

of the

Aurignacian assemblages, M E.

Overall, the average G I U R values of the Mount Carmel assemblages show us that each of
the three industry groups identified by Garrod contains within it a relatively large amount
of variation in reduction intensity, and that the variation between the three industries is no
greater than the variation within the individual industries.

Reduction intensity is

particularly low in the earliest Acheulean assemblage, T G. The Acheulean assemblages
overlying T G all exhibit relatively high reduction intensity, though there are significant
differences between the assemblages.

It is particularly interesting that in the four sub-

divisions of layer E, the three assemblages which show significantly lower G I U R values
are all assemblages of end-bulb scrapers.

Reduction intensity is lower for end-bulb

scrapers than for other types of scrapers in three of the four E layers.

An additional

conclusion is that scrapers from T Ec are more intensively reduced than scrapers from the
other three E layers, as T Ec is the only layer in which the assemblage of end bulb scrapers
does not have significantly lower G I U R values than other scrapers. The boundary between
the Acheulean and the Levalloiso-Mousterian coincides with a small decrease in reduction
intensity. Although the earliest Levalloiso-Mousterian assemblages at Tabun have lower
G I U R values than the majority of the Acheulean assemblages, however, they are not
significantly different from three Acheulean end bulb scraper assemblages and two of the
side bulb scraper assemblages.

There is, therefore, an overlap in the G I U R values of

assemblages between the Acheulean and the early Levalloiso-Mousterian. There is a much
sharper break in G I U R values between the Levalloiso-Mousterian assemblages from Tabun

and those from el-Wad: both the latter are significantly less intensively reduced than any of
the former.

The boundary between the Levalloiso-Mousterian and the Aurignacian

assemblages at el-Wad coincides with a sharp increase in reduction intensity, but the
Aurignacian assemblages are not significantly different from most of the LevalloisoMousterian assemblages at Tabun.

As a consequence, the Middle to Upper Palaeolithic

boundary seems to coincide with a change in reduction intensity if only the assemblages
from Mugharet el-Wad are considered, but not if the assemblages from Tabun are
considered as well.

If artefacts from all assemblages within each industrial group are pooled, to treat each
industrial group as a single entity, then reduction intensity in the Levalloiso-Mousterian is
significantly less than it is in the Acheulean or the Aurignacian (Table 8.4).
omitted

from

assemblages.

this analysis, given

its significant

difference

from

later

T G was
Acheulean

These data confirm that reduction intensity is significantly lower in the

Levalloiso-Mousterian

assemblages, when the assemblages from each of the three

industrial groups are considered collectively.

Table 8.4. Pairwise comparisons (L-S-D) o f average G I U R between industrial groups.

Aurignacian vs Levalloiso-Mousterian
Levalloiso-Mousterian vs Acheulean
Aurignacian vs Acheulean

Mean difference
.1219
-.1528
-.0309

Sig.
<.001
<.001
.107

Reductive difficulty and intensity of reduction between industrial groups

The findings so far indicate that the three industrial groups vary in terms of both the
immediate reductive difficulty and the ultimate reductive difficulty of the artefacts which
comprise them. Given that there is also significant difference in the intensity of reduction
both between and within the industrial groups, the question of whether the reductive
difficulty of artefacts is correlated with intensity of reduction is clearly

important.

Analysis of whether correlations between reductive difficulty exist, and whether the
strength of correlations are different between the different industries, can reveal whether
the extent to which artefacts were reduced has responded to, or had an effect on,
differences in the artefacts' immediate or ultimate reductive difficulty.

The percentage of abruptly terminated retouch scars on artefacts was found to be
significantly higher in the Acheulean than in the other two industrial groups. Plotting this
variable against the GIUR demonstrates that the Acheulean artefacts have a higher
occurrence of abruptly terminated retouch, regardless of how intensively different artefacts
have been reduced (Figure 8.11).

For both lightly retouched and intensively retouched

artefacts, the average percentage of abruptly terminated retouch is higher on artefacts from
the Acheulean assemblages than it is for artefacts from both the Aurignacian and the
Levalloiso-Mousterian assemblages. The 95% mean confidence intervals of the regression
line for the Acheulean artefacts do not overlap the confidence intervals of the other two
industrial groups, which supports the interpretation that the occurrence of abruptly
terminated retouch is higher across the range of GIUR values. For the other two industrial
groups, there is considerable overlap of the confidence intervals of their regression lines.
This supports the earlier finding that these two industrial groups are not significantly
different in terms of the percentage of abrupt retouch on their artefacts.

50.00-

0)
O)
•D

40.00-

•a

4)
£

Acheulean

O 30.00-

( r = 0.

£
S.
3
kSi
ra
®

o>
ra

20.00-

I

V
Q.
10.00-

.40

.60

1.00

Average GlUR

Figure 8.11. Regression lines, with 95% mean confidence intervals, showing the relationship
between average GlUR and the percentage of abruptly retouched edge, for each industrial group.

T h e p e r c e n t a g e o f a b r u p t l y r e t o u c h e d e d g e is s i g n i f i c a n t l y , and directly, correlated w i t h
G l U R f o r A c h e u l e a n a n d the L e v a l l o i s o - M o u s t e r i a n artefacts, t h o u g h the c o r r e l a t i o n is not
s t r o n g f o r either g r o u p ( T a b l e 8.5).
Aurignacian artefacts, however.

T h e r e is n o significant c o r r e l a t i o n in the c a s e o f t h e
T h e levels o f a b r u p t l y t e r m i n a t e d r e t o u c h d o e s n o t

i n c r e a s e w i t h i n c r e a s e d intensity o f r e d u c t i o n f o r the A u r i g n a c i a n a r t e f a c t s , in contrast w i t h
the o t h e r t w o industrial g r o u p s .

Table 8.5. Correlations between average GlUR and the percentage of abruptly retouched edge, for
each industrial group.
Industrial group
Aurignacian
Levalloiso-Mousterian
Acheulean

r'
0.018
0.094
0.03

Pearson
.136
.306
.174

sig.
.177
<001
<.001

These data provide important information on the different patterns of artefact discard
between the three industrial groups.

In the Acheulean, artefacts had a higher immediate

reductive difficulty when they were discarded than was the case for the other two industrial
groups.

Artefacts in the Acheulean were discarded with higher levels of immediate

reductive difficulty, regardless of how intensively the artefacts had been reduced.

The

artefacts being produced and retouched in the Acheulean assemblages attain high levels of
immediate reductive difficulty, even when they have been relatively lightly retouched, in
contrast with the artefacts from the later industrial groups.

These data indicate that the

artefacts in the Acheulean assemblages, in contrast with later assemblages, were more
likely to exhibit problems during the reduction process, and that problems would occur
more frequently on these artefacts even during the early stages of reduction.

These data

therefore support the general interpretation that the reductive difficulty of artefacts was
higher in the Acheulean than in the other industrial groups.

The data could also indicate that the "discard threshold", or the point at which artefacts
were considered to have a sufficiently high immediate reductive difficulty to necessitate
discard, was higher during the Acheulean than it was during the other two industrial
groups.

The Aurignacian and Levalloiso-Mousterian artefacts were discarded without

having attained a comparably high level of immediate reductive difficulty as the artefacts
in the Acheulean assemblages.

Even artefacts which had been intensively reduced were

discarded without having attained a comparably high immediate reductive difficulty as the
artefacts in the Acheulean assemblages. Regardless of the extent to which artefacts were
reduced, the artefacts in the Aurignacian and Levalloiso-Mousterian would have been less
difficult to remove further retouch scars from than the artefacts in the Acheulean.

The

discarding of artefacts with lower levels of immediate reductive difficulty could indicate
that the incentive for people to continue reducing artefacts was less during the periods in
which the two later industries were created. An implication of this is that re-provisioning
stress was lower during the Aurignacian and the Levalloiso-Mousterian, and this resulted
in artefacts being discarded without having attained comparably high levels of immediate
reductive difficulty as artefacts in the Acheulean. Conversely, artefacts in the Acheulean
were discarded when the difficulty involved in removing further retouch

flakes

was

relatively high, indicating that higher re-provisioning stress was resulting in the reduction
process being continued until artefacts had reached a more "exhausted" state.

The other indicator of immediate reductive difficuhy is retouch thickness. There is a strong
and significant correlation between this variable and the GIUR for all three industry groups
(Figure 8.12, Table 8.6).

The strength of correlation between the two variables is

unsurprising, given that the GIUR is the ratio between retouch thickness (t) and maximum
thickness (T) of an artefact's retouched segments.

It would be expected, therefore, that

artefacts with a high GIUR also have a high retouch thickness, provided that the maximum
thickness of retouched segments is similar for all artefacts.

Average GIUR

Figure 8.12. Regression lines, with 9 5 % mean confidence intervals, showing the relationship
between average GIUR and average retouch thickness, for each industrial group.

The interesting aspect of Figure 8.12 is that the gradient of the regression lines is markedly
less for the Levalloiso-Mousterian artefacts than it is for artefacts from the other two
industry groups.

Regression lines of the Aurignacian and Acheulean artefacts follow

extremely similar trajectories, and the overlap between their confidence intervals indicates
that the relationship between GIUR and retouch thickness can be regarded as being

equivalent for these two industrial groups. The Levalloiso-Mousterian artefacts' regression
line, by contrast, only overlaps with the other two industries at low values of GIUR.

The

rate of increase in retouch thickness with increasing GIUR is not as high, and as GIUR
increases there ceases to be an overlap in the confidence intervals of the LevalloisoMousterian regression with the other two industrial groups.

Table 8.6. Correlations between average GIUR and average retouch thickness, for each industrial
group.
Industrial group

r^

Pearson

sig.

Aurignacian

0.343

.586

Levalloiso-Mousterian
Acheulean

0.446
0.418

.668
.646

<.001
<001
<.001

These data support the earlier finding that the artefacts in the Aurignacian and Acheulean
assemblages generally have a higher immediate reductive difficulty than those in the
Levalloiso-Mousterian, using retouch thickness as an indicator.

The lightly retouched

artefacts from all three industrial groups have comparably low levels of immediate
reductive difficulty. Differences in reductive difficulty are more pronounced on artefacts
which have been retouched more intensively.

The differences in the rate of increase of

retouch thickness with increasing GIUR in the Levalloiso-Mousterian is consistent with the
earlier

finding

that the maximum segment thickness of artefacts in the Levalloiso-

Mousterian is less than in the other industrial groups. The GIUR measurement is the ratio
of retouch thickness to maximum thickness: consequently, retouch thickness will not need
to be as large to produce a given value of GIUR for artefacts with decreased values of
maximum segment thickness.

The two indicators of immediate reductive difficulty analysed in this study both indicate
that artefacts have lower immediate reductive difficulty in the Levalloiso-Mousterian than
in the Acheulean.

The Aurignacian artefacts have shown very different indications of

immediate reductive difficulty from these two indicator variables, however.

Retouch

thickness is similarly high in the Aurignacian and the Acheulean, and these industrial
groups show equivalent patterns of change in retouch thickness with GIUR. This indicates
that immediate reductive difficulty of artefacts in the Aurignacian and the Acheulean is
equivalently high, relative to the lower immediate reductive difficulty of artefacts in the
Levalloiso-Mousterian.

The Aurignacian

artefacts, however, do not show a high

percentage of abruptly terminated retouch. In terms of this variable, they have low values
which are comparable to artefacts from the Levalloiso-Mousterian. This indicates that the
immediate reductive difficulty of Aurignacian artefacts is not any higher than that of
Levalloiso-Mousterian artefacts.

Given that artefacts in the Aurignacian have a higher

immediate reductive difficulty than artefacts in the Levalloiso-Mousterian, because of their
higher retouch thickness, but a lower immediate reductive difficulty than artefacts in the
Acheulean, because of their lower percentage of abrupt retouch, the most sensible
interpretation would be that their relative immediate reductive difficulty lies between the
other two industrial groups. Taken together, the data indicate that the Acheulean artefacts
have the highest immediate reductive difficulty, followed by the Aurignacian artefacts,
while the Levalloiso-Mousterian artefacts have the lowest immediate reductive difficulty.

The ultimate reductive difficulty of the three industrial groups was found to differ
significantly, based on the indicator variable of maximum segment thickness.

The

previous section of this chapter demonstrated that the average maximum thickness of
artefacts from the Aurignacian and Acheulean was significantly higher than was the case
for artefacts from the Levalloiso-Mousterian. There is no significant correlation between
maximum thickness and GIUR for any of the industrial groups (Table 8.7).

Plotting

regression lines for the three industrial groups supports the earlier finding that distributions
of maximum thickness are lower in the Levalloiso-Mousterian than the other two industrial
groups, based on the lack of overlap between the mean confidence intervals (Figure 8.13).

These data, showing that the maximum thickness of artefacts is not correlated with GIUR,
have implications for interpreting blank selection and reduction strategies within each
industrial group.

The maximum thickness of the blanks does not have an effect on the

extent to which the blanks were reduced. These data provide no evidence, therefore, that
people who produced the assemblages were carrying out more intensive reduction on
blanks with lower ultimate reductive difficulty. Instead, lightly and intensively retouched
artefacts were produced from blanks with similar levels of ultimate reductive difficulty.
On the basis of average maximum thickness, therefore, the ultimate reductive difficulty of
flake blanks does not seem to be producing a response in the extent to which they were
reduced.

16.00

Average G l U R

Figure 8.13. Regression lines, with 9 5 % mean confidence intervals, showing the relationship
between average G l U R and average maximum thickness, for each industrial group.

Table 8.7. Correlations between average G l U R and average maximum thickness, for each
industrial group.
industrial group
Aurignacian
Leval loiso-Mousterian
Acheulean

r^
0.008
0.006
0.003

Pearson
.088
-.080
.054

sig.
.386
.225
.092

The other variable that indicates the uhimate reductive difficulty of artefacts is the
artefacts' spine plane angle.

Earlier in this chapter it was found that there was no

significant variation between the three industrial groups in terms of the average spine plane
angles of their artefacts. Plotting this variable against GlUR, however, provides evidence

that the knappers who produced the assemblages from all three industrial groups varied the
extent to which they reduced artefacts in response to this aspect of the artefacts' ultimate
reductive difficulty.

All three industrial groups show a significant inverse correlation

between GIUR and average spine plane angle (Table 8.8). Regression lines for all three
industrial groups show a decrease in spine plane angle with increasing GIUR (Figure 8.14).
The regression lines of the three industrial groups follow similar trajectories, and there is
considerable overlap in their 95% mean confidence intervals, which indicates that the
relationship between GIUR and average spine plane angle is similar for all three groups.
This supports the earlier finding that there is no overall significant difference between the
three industrial groups in terms of their spine plane angle.
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Figure 8.14. Regression lines, with 9 5 % m e a n c o n f i d e n c e intervals, s h o w i n g the relationship
b e t w e e n average G I U R and a v e r a g e spine plane angle, for each industrial group.

Table 8.8. Correlations between average GIUR and average spine plane angle, for each industrial
group.
Industrial group
Aurignacian
Levalloiso-Mousterian
Acheulean

r^
0.085
0.123
0.195

Pearson
-.285
-.350
-.441

sig.
<001
<.001
<.001

The existence of a significant negative correlation between spine plane angle and GIUR for
all three industrial groups indicates that the extent to which artefacts were reduced was
affected by the artefacts' ultimate reductive difficulty. Artefacts which have been more
extensively reduced have lower average spine plane angles, and consequently a lower
ultimate reductive difficulty. As discussed earlier in this chapter, the spine plane angle of
an artefact expresses the rate at which the thickness of the retouched edge will increase, as
the retouched edge advances into the artefact as reduction is carried out. It is consequently
an indicator of the rate at which the immediate reductive difficulty of the artefact will
increase throughout the reduction process.

The spine plane angle provides slightly

different information about an artefact's ultimate reductive difficulty from the artefact's
maximum thickness:

maximum thickness indicates the maximum level of reductive

difficulty which could potentially be reached during the reduction process, while the spine
plane angle indicates the rate at which the reductive difficulty will increase as reduction
proceeds.

The negative correlation between spine plane angle and GIUR indicates that

artefacts which had a higher ultimate reductive difficulty were not reduced as intensively
as artefacts with lower ultimate reductive difficulty. These data provide evidence that the
extent to which the knappers reduced artefacts was affected by the ultimate reductive
difficulty of the artefacts.

The evidence supporting this interpretation, that ultimate

reductive difficulty affected the extent to which artefacts were reduced, is present for all
three of the industrial groups.

Changes in reduction potential relative to reductive difficulty

The "axis elongation" of each segment is the ratio between the segment's width and its
maximum thickness. The width of the segment is measured along the segment's axis, from
the retouched edge to the opposite edge of the flake (see Appendix C). By expressing the
ratio between the segment's width and its thickness, this measurement reflects the ratio
between each segment's reduction potential and its reductive difficulty. A segment's width
provides an indication of the segment's reduction potential, since it is the maximum
distance over which the retouched edge could potentially advance as reduction is carried
out. The maximum thickness, as discussed above, is an indicator of the segment's ultimate
reductive difficulty. This is because thickness has been demonstrated to be closely linked
with the likelihood of problems occurring during the reductive process: accordingly, the
segment's maximum thickness indicates the maximum reductive difficulty that the
retouched edge will attain as it advances into the flake. Axis elongation is therefore an
effective tool for identifying the emphasis which was placed on extension strategies by
prehistoric knappers, since an extension strategy would aim to maximise the reduction
potential of retouched flakes and minimise their ultimate reductive difficulty.

This

principle was used in the previous section of this chapter, in interpreting the transverse
elongation of the retouched flakes from the different assemblages at Mount Carmel.
Unlike transverse elongation, which is measured only once for each artefact and which
focuses on the artefact's overall morphology, axis elongation is measured on each of the
artefact's retouched segments and is therefore focused on analysing the particular regions
of the artefact's edge which were chosen by the knapper to be retouched. Because of this,
axis elongation is sensitive to the choices made by the humans who produced an artefact,
both in terms of the selection of the flake blank itself and also the selection of where to
carry out retouch on the flake blank.

Comparing the distributions of average axis elongation from the assemblages at Mount
Carmel, the most noticeable pattern is the relatively low values for the Acheulean
assemblages

and

the

contrastingly

assemblages (Figure 8.15).

higher

patterns

in

the

Levalloiso-Mousterian

Axis elongation appears to decrease again in the first two

Aurignacian assemblages (M E and M D), and increase slightly in the final assemblage (M
C). Again, M C appears to be different from the other two Aurignacian assemblages, and

to be closer to the values seen in the Levalloiso-Mousterian assemblages. In general terms,
the variation in axis elongation seems to linked with changes in the industry types that
Garrod identified, with a distinct increase in axis elongation coinciding with the boundary
between the Acheulean and the Levalloiso-Mousterian, and a decrease coinciding with the
boundary with the Aurignacian. Despite this, it is also the case that there is also a great
deal of variation within each industrial group. Also, most of the assemblages have quite a
wide distribution of values, and there is some overlap in the interquartile ranges of several
Levalloiso-Mousterian assemblages with both Acheulean and Aurignacian assemblages.
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Figure 8.15. Boxplot of the average axis elongation of the retouched segments of scrapers, by
assemblage.
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Figure 8.16. Assemblages grouped according to average axis elongation. Groups generated based
on non-significant differences (sig. > 0.05) from pairwise comparisons (Games-Howell).

All of the assemblages can be included within three homogenous groups (Figure 8.16),
each of which is made up of assemblages showing no significant inter-assemblage
differences (sig. > 0.05). The statistical tests used to construct Figure 8.16 were GamesHowell pairwise comparisons carried out between all assemblages - this test was used due
to the inequality of variences between assemblages. The detailed results of these pairwise
comparisons are presented in Appendix H, Table H.6.

The significance values obtained

from the pairwise comparisons are summarised in Appendix I, Table 1.6.

The homogenous groups confirm that there is a general increase in axis elongation between
the Acheulean and Levalloiso-Mousterian assemblages, and that there is a slight decrease
in axis elongation in the Aurignacian assemblages. The groups also reveal, however, that
there is considerable overlap between the Levalloiso-Mousterian assemblages and the
Aurignacian assemblages. There is also some overlap between the Levalloiso-Mousterian
and the Acheulean assemblages according to the groups within which their assemblages
fall.

All but one of the Acheulean assemblages (T Ea SBS) is included within group 3.

The

single Aurignacian assemblage not included in group 3 (T Ea SBS) is excluded from this
group solely because of it is significantly higher than T Ec (see Appendix I, Table 1.6). All
of the Aurignacian assemblages also fall within this group, demonstrating that there is no
significant

difference

assemblages.

between

the

Aurignacian

assemblages

and

the

Acheulean

In fact, none of the inter-assemblage comparisons between these two

industries yielded a significant difference (see Appendix L Table 1.6).

All of the

Levalloiso-Mousterian assemblages are included within group 1, meaning that all of these

assemblages were shown to not be significantly different in their
comparisons.

inter-assemblage

Five of the seven Levalloiso-Mousterian assemblages are also included

within group 2, a group which also includes two of the three Aurignacian assemblages, and
two Acheulean assemblages. One Levalloiso-Mousterian assemblage (T B) is included in
all three groups, since it is not significantly different from any other assemblage at all.

The

amount

of overlap

between

the

Levalloiso-Mousterian

assemblages

and

the

Aurignacian assemblages shows that there is no overall contrast between these industrial
groups.

There are significant differences between individual assemblages from the two

groups, however. M G and T Ch I have significantly higher values of axis elongation than
any of the Aurignacian assemblages.

The Aurignacian assemblage with the lowest

distribution of axis elongation, M D, is significantly different from all
Mousterian assemblages except T B.

Levalloiso-

The boundary between the Levalloiso-Mousterian

and the Aurignacian does not coincide with an abrupt decrease in axis elongation. Instead,
axis elongation declines gradually across the boundary, and it is not until the second of the
Aurignacian assemblages that values of axis elongation are low enough to be significantly
different from the majority of the Levalloiso-Mousterian assemblages.

Axis elongation

does not remain as low in the final Aurignacian assemblage, and instead M C has a
distribution which is only significantly different to the two highest Levalloiso-Mousterian
assemblages.

The difference between the Acheulean and Levalloiso-Mousterian is more pronounced,
although there is still some overlap as revealed by non-significant
comparisons (see Appendix I, Table 1.6).
Mousterian

assemblage

(T

B)

is not

inter-assemblage

As already mentioned, one

significantly

different from any

LevalloisoAcheulean

assemblage. Only the two assemblages with the highest distributions of axis elongation (M
G and T Ch I) are significantly different from all of the Acheulean assemblages. The final
Levalloiso-Mousterian assemblage (M F) is significantly different from all but two
Acheulean assemblages (T Ea SBS and T G).

The remaining Levalloiso-Mousterian

assemblages (T Ch H, T C and T D), however, are only significantly different from around
half of the Acheulean assemblages. Consequently, while it is generally true that there is a
contrast between the Acheulean assemblages and the Levalloiso-Mousterian assemblages
according to axis elongation, this general difference does not hold for all assemblages
within the two industrial groups. Six of the fourteen Acheulean assemblages (T Ea, T Eb

EBS, T Ec , T Ec EBS, T Ed and

T Ed EBS) are significantly different from all

Levalloiso-Mousterian assemblages apart from T B. In these six assemblages, the values
of axis elongation are the lowest of all the Acheulean assemblages, causing them to be
significantly different from the majority of the Levalloiso-Mousterian assemblages.

Pooling the assemblages from each industrial group together, to treat each industrial group
as a single entity, demonstrates that the artefacts in the Levalloiso-Mousterian have a
significantly higher distribution of axis elongation than artefacts from the other two
industrial groups (Table 8.9).

The Acheulean and the Aurignacian show no significant

difference in average axis elongation.

Treated collectively, therefore, artefacts in the

Levalloiso-Mousterian assemblages have higher reduction potential relative to their
ultimate reductive difficulty, compared with the other two industrial groups.

Table 8.9. Pairwise comparisons (Games-Howell) of average axis elongation between industrial
groups.

Aurignacian vs Levalloiso-Mousterian
Levalloiso-Mousterian vs Acheulean
Aurignacian vs Acheulean

Mean difference
-1.2844
1.3241
.0397

Sig.
<.001
<.001
.948

In summary, inter-assemblage comparisons show that axis elongation is significantly
higher for artefacts from the Levalloiso-Mousterian assemblages than is the case for
artefacts from the other two assemblage groups. There is, however, some overlap between
assemblages from the three different industrial groups, and several inter-assemblage
comparisons between industrial groups show no significant difference.

In general terms,

the data provided by axis elongation indicate that the decrease in ultimate reductive
difficulty that occurs in the Levalloiso-Mousterian assemblages is not accompanied by a
decrease in the reduction potential of artefacts. Instead, the decrease in reductive difficulty
observed in the Levalloiso-Mousterian assemblages results in the artefacts in these
assemblages generally having a higher ratio of reduction potential to ultimate reductive
difficulty, compared with artefacts from the Acheulean or the Aurignacian.

Discussion

The emphasis which prehistoric artisans at Mount Carmel placed on extension strategies
has been investigated in this chapter by analysing variables that indicate the reduction
potential, the reductive difficulty, and the extent of reduction carried out on assemblages of
retouched flakes.

The indicator variables used in this study revealed that there were

significant changes through time in all three of these aspects of artefact morphology. The
data provided by the separate indicator variables will now be examined in concert, to
evaluate the extent to which they support interpretations of changing strategies of
extension being employed in the different time units represented by Garrod's excavation
layers.

The

variables

examined

showed

that

the

Levalloiso-Mousterian

assemblages

are

significantly different from the preceding Acheulean assemblages in regard to a number of
variables of blank morphology and retouch characteristics.

A number of the variables

examined also revealed differences between the Levalloiso-Mousterian and the subsequent
Aurignacian assemblages. In relation to several of the variables, the Aurignacian and the
Acheulean assemblages were quite similar, and in fact the overall impression gained from
the variables analysed here is that the artefacts in the Levalloiso-Mousterian assemblages
contrast with the artefacts from the assemblages of the two other industrial groups. There
are some exceptions to this general statement, however, and in addition several of the
variables revealed that significant differences existed between assemblages within the
same industrial groups.

Inter-assemblage variability in the characteristics of blank

morphology and retouch did not always correspond with the industrial groups defined by
Garrod (Garrod and Bate 1937).

The majority of changes observed in the variables

analysed followed the boundaries between the three industrial groups. For the majority of
the variables examined in this chapter and the previous chapter, the three industrial groups
show a high level of internal homogeneity.

Variability, where it was detected, was most

noticeably expressed between, rather than within, the three industrial groups.

The major finding of this chapter is that the reductive difficulty of artefacts in the
assemblages of both sites follows a cyclical pattern of variation. The assemblages from the
earliest industrial group, the Acheulean, are made up of artefacts with relatively high

reductive

difficulty.

assemblages

Reductive

difficulty decreases

from both Tabun and Mugharet

Aurignacian assemblages.

in

the

Levalloiso-Mousterian

el-Wad, but increases again

in the

This cyclical pattern of change occurs in terms of both the

ultimate reductive difficulty and the immediate reductive difficulty of the artefacts across
the three industrial groups.

This cyclical pattern of variation has implications for our

traditional perception of the boundary between the Middle and Upper Palaeolithic. These
implications will be discussed in the concluding chapter of the thesis.

Clear differences were found in the immediate reductive difficulty of artefacts between the
three industrial groups. The immediate reductive difficulty of artefacts in the Acheulean is
the highest of all three industrial groups: artefacts in these assemblages have significantly
higher amounts of abruptly terminated retouch than both other groups, and thicker
retouched

edges

than

the

Levalloiso-Mousterian

assemblages.

Artefacts

in

the

Aurignacian assemblages have the next highest levels of immediate reductive difficulty:
these artefacts have thicker retouched edges than the Levalloiso-Mousterian artefacts, but
do not have the high amounts of abrupt retouch seen on the Acheulean artefacts. Artefacts
in the Levalloiso-Mousterian have the lowest immediate reductive difficulty of the three
industrial groups: these artefacts have thinner retouched edges than both other groups, and
also have low amounts of abruptly terminated retouch.

In summary, the three industrial

groups can be ranked according to the immediate reductive difficulty of their artefacts: the
Levalloiso-Mousterian artefacts have the lowest levels of immediate reductive difficulty,
and the Acheulean artefacts have the highest.

Analysis of the ultimate reductive difficulty of artefacts provided clear evidence that the
Levalloiso-Mousterian assemblages had lower ultimate reductive difficulty than artefacts
from the Acheulean or the Aurignacian assemblages.

Artefacts in the Levalloiso-

Mousterian assemblages were significantly thinner, in terms of the maximum thickness of
their retouched segments, than artefacts from either the Acheulean or Aurignacian. These
data are consistent with the findings of the previous chapter, which concluded that the
Levalloiso-Mousterian artefacts were produced on blanks with significantly lower values
of ultimate reductive difficulty than those in the other two industrial groups.

The clear

picture gained from the data is that the ultimate reductive difficulty of artefacts was high in
the Acheulean, lower in the Levalloiso-Mousterian and high again in the Aurignacian.

The pattern of variation in the thickness of artefacts between assemblages was repeated
when examining the artefacts' thickness relative to their widths.
employed to do this was average segment elongation.

The measurement

This measurement provides an

indication of an artefact's reduction potential relative to its ultimate reductive difficulty,
since the width of an artefact's retouched segments indicates the maximum potential
distance across which the retouched edge can advance as artefact reduction is carried out.
The width of an artefact's retouched segments therefore indicates the artefact's reduction
potential, as it indicates the maximum amount of material which can be removed in the
reduction process.

Artefacts from the Levalloiso-Mousterian assemblages were found to be generally more
elongated, having larger width relative to thickness, than those from the Acheulean and
Aurignacian assemblages.

The fact that flakes are thinner in the Levalloiso-Mousterian

assemblages relative to the Aurignacian and Acheulean assemblages is therefore not due to
a decrease in overall artefact size.

The decrease in thickness seen for Levalloiso-

Mousterian artefacts does not correspond with a proportional decrease in the artefacts'
widths. These data indicate that the artefacts in the Levalloiso-Mousterian assemblages
have a lower ultimate reductive difficulty relative to their reduction potential than artefacts
from the Acheulean or Aurignacian assemblages.

These data are consistent with the

findings of the previous chapter, in which the transverse elongation of the artefacts
indicated that artefacts in the Levalloiso-Mousterian had a lower

ratio of ultimate

reductive difficulty to reduction potential.

The data relating to ultimate reductive difficulty and reduction potential demonstrate that
the Levalloiso-Mousterian assemblages are made up of artefacts which have lower ultimate
reductive difficulty than the artefacts in the preceding Acheulean assemblages, or the
subsequent Aurignacian assemblages.

They also demonstrate lower ultimate reductive

difficulty relative to their reduction potential. The decreased ultimate reductive difficulty
of artefacts in the Levalloiso-Mousterian would have the result of decreasing the likelihood
of problems occurring during the reduction of these artefacts.

In essence, the data gained from both the analysis of overall blank form, and the anlaysis of
the cross-sections of the retouched segments of the artefacts both indicate that artefacts in
the Levalloiso-Mousterian have a more "extendable" morphology than artefacts in either of

the other two industries. This supports the hypothesis posed in the discussion of Chapter 7:
that the Levalloiso-Mousterian artefacts show evidence of an increased emphasis being
placed on extension strategy implementation, relative to the other two industrial groups.

Having this body of data that suggests a greater emphasis on extension strategies was
operating during the Levalloiso-Mousterian than at other times, the data on the different
extents of reduction carried out on artefacts across the assemblages become particularly
important. The pattern of changes in the extent of reduction carried out, as provided by the
GIUR, are counter-intuitive in light of the hypothesis concerning extension strategies.
Despite the large amount of overlap between distributions of GIUR values between many
of the assemblages, in general terms it was shown that the extent of reduction carried out
on artefacts was highest in the Acheulean assemblages, and lowest in the LevalloisoMousterian assemblages.

GIUR values increased somewhat in the earliest Aurignacian

assemblage, but all of the Aurignacian assemblages had distributions that were statistically
equivalent to the majority of the Levalloiso-Mousterian assemblages.

If there was a

greater emphasis being placed on extension strategies during the Levalloiso-Mousterian
than there was in the preceding Acheulean, why were artefacts in many of the Acheulean
assemblages reduced to a greater extent? As discussed at the close of chapter 7, it would
seem logical to assume that in situations where an extension strategy was

being

implemented, artefacts would be reduced to a greater extent.

Exploring why this disjunction exists between measures of reductive difficulty and
reduction intensity is a primary focus of the following chapter.
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Discussion and conclusion

This thesis set out to achieve two aims. The first of these was to develop the concept of
extension strategies, specifically through examining how an artefact's morphological
characteristics affect its reductive difficulty.

The second aim was to apply the

understanding of reductive difficulty to the assemblages from the Mount Carmel caves, to
identify periods in which extension strategies were employed by the occupants of the two
sites. The first of these two aims was focused on a specific group of artefacts: unifacially
retouched

flakes.

The method used to investigate the morphological properties of a

unifacially retouched flake which can affect its reductive difficulty was first to carry out a
general discussion of the process of flake formation (chapter 3), followed by a program of
controlled experiments testing the effect which some aspects of artefact morphology have
on flake production (chapter 4).

The outcome of chapters 3 and 4 was that certain physical properties relating to the crosssection of the edge of an artefact have an effect on the difficulty involved, for the knapper,
in successfully detaching flakes from the artefact. The occurrence of abrupt terminations
was shown to create a problem for removing subsequent flakes from the same platform.
Abruptly terminated scars can only be removed if the initiation force is placed sufficiently
far away from the edge of the artefact. As a consequence, there is a smaller "window" of
platform surface from which fiakes can successfully be initiated if an abruptly terminated
scar is present.

Maintenance of low edge angles was shown to lessen the problematic

effect that abrupt terminations have on the reduction process, but it was also shown that
maintaining low edge angles is difficult to achieve for flakes that are retouched unifacially.
The likelihood of abrupt terminations occurring, however, was shown to decrease if the
thickness of the artefact being retouched also decreased. Fractures terminate on the distal
surface of an artefact more frequently if the thickness of the artefact is decreased. Coupled
with this finding, it was shown that abrupt terminations occur much less frequently on
fractures which terminate on the distal free surface, rather than the proximal free surface,
of the artefact being retouched.

The conclusion drawn from this is that a flake blank's

thickness is related to its reductive difficulty, with thinner blanks having a lower reductive
difficulty than thicker blanks. At the conclusion of chapter 4, the linkages between artefact
morphology and reductive difficulty were used to identify a number of measurements
which could be used as indicators of the immediate reductive difficulty and the overall
reductive difficulty of unifacially retouched flakes.

The methods of measuring reductive difficulty developed through the use of fracture
theory and controlled experiments in these early chapters were used to tackle the second
aim of the thesis. The assemblages of unifacial scrapers excavated from two of Mount
Carmel's cave sites, Tabun Cave and Mugharet el-Wad, and held by the Cambridge
University Museum of Archaeology and Anthropology, were analysed with the aim of
identifying whether the scrapers from the different excavation units showed evidence of
extension strategies being emphasised to different degrees through time. The differences
identified between assemblages were discussed in detail in the closing discussion of
chapters 7 and 8, which also dealt with the implications of these findings in terms of
identifying changing emphasis on extension strategies by the knappers who produced the
assemblages.

In this chapter, these findings will be discussed in the context of how

changes in artefact assemblages through the Palaeolithic have been depicted.

The

implications of this study to the broader picture of changes in material culture and hominid
behaviour developed by previous research will be focused on in this chapter.

Before discussing the findings of this study in terms of their implications for general
discussions of depictions of change across the Palaeolithic, the problem posed at the close
of the previous chapter will be addressed.

The analyses in Chapter 7 and Chapter 8

produced an unusual combination of results, and showed that the correlation of reductive
difficulty and the extent of reduction carried out on artefacts was not straightforward. Of
the three industrial periods examined, the Levalloiso-Mousterian artefacts showed the
lowest measures of reductive difficulty. Despite the trend for artefacts in the LevalloisoMousterian to have more "extendable" morphologies than artefacts in the preceding or
subsequent industries, these artefacts also showed the lowest levels of reduction carried out
prior to discard. This finding is unexpected, and appears to contradict the hypothesis that
the Levalloiso-Mousterian artefacts have more extendable morphologies because of a
purposeful implementation of an extension strategy by the people who produced them.
The fact that the extent of reduction carried out does not directly correlate with changes in

artefact reductive difficulty does not allow a simple interpretation linking changes in
reductive difficulty with a changing emphasis being placed on extension

strategy

implementation - it is this specific issue which will be dealt with first by this chapter.

The finding that the immediate reductive difficulty of artefacts in the LevalloisoMousterian assemblages is the lowest of all three industrial groups is also at odds with the
hypothesis that an extension strategy was being emphasised in these assemblages.

The

counter-intuitive finding that the artefacts in the Levalloiso-Mousterian were reduced to a
lesser extent than during other periods is compounded by the fact that the LevalloisoMousterian artefacts also had the lowest immediate reductive difficulty when they were
discarded.

At the point of discard, the immediate difficulty which would have been

involved in carrying out further reduction on the Levalloiso-Mousterian artefacts is less
than that of the artefacts from the Acheulean or Aurignacian.

The decreased reduction

intensity experienced by artefacts in the Levalloiso-Mousterian is not the result of artefacts
being discarded early in the reduction process due to the difficulty which would be
involved in carrying out further reduction. The finding that immediate reductive difficulty
is lowest in the Levalloiso-Mousterian therefore makes the low levels of reduction
intensity in these assemblages even more problematic for the hypothesis of that emphasis
was being placed on extension strategy implementation.

Several possible explanations can be suggested to account for this co-occurrence of
decreased reductive difficulty and decreased reduction intensity in the LevalloisoMousterian.

One explanation is that the Levalloiso-Mousterian assemblages at Mount

Carmel do not fully reflect the amount to which artefacts were reduced in the technological
system as a whole: this would be the case if a significant proportion of artefact reduction
was carried out at other sites.

If artefacts were transported away from the site and

intensively retouched elsewhere, then the assemblage of artefacts that entered the
archaeological context at Mount Carmel would be less intensively reduced than would be
the case if we had access to the entire suite of artefacts produced by the hominids at Mount
Carmel. In this scenario, the artefacts in the Levalloiso-Mousterian assemblages would be
a less intensively reduced sub-group of the entire population of artefacts that were
produced, transported and retouched by the hominids occupying Mount Carmel at the time.
If this were the case during the Levalloiso-Mousterian and not during the Acheulean or
Aurignacian, then the lower reductive difficulty of artefacts in the Levalloiso-Mousterian

assemblages could be explained as an extension strategy being implemented in anticipation
that some of the artefacts produced would be intensively reduced at some point in the
future, and at some other location.

If this explanation is true, the disjunction between

extendable artefact morphologies and decreased reduction intensity is not inconsistent with
the extension strategy hypothesis.

The lack of any direct evidence currently supporting this explanation, however, makes it
speculative at best and difficult to accept.

The region around Mount Carmel contains

numerous sites which are contemporary with the Levalloiso-Mousterian assemblages at
Tabun and el-Wad, but no authors have described the artefacts from these sites as being
significantly more reduced in form. Instead, as outlined in Chapter 5 of this thesis, most
authors have described other Levalloiso-Mousterian assemblages in the region as being
notably similar to those at Tabun and el-Wad.

It is possible that the more intensively

reduced Levalloiso-Mousterian artefacts have all been deposited on sites which are
undated (such as open scatters), but no assemblages of artefacts produced from similar
blanks but with more reduced forms have been documented by archaeologists working in
the region.

For this explanation to work, it would also require us to assume that the cave's inhabitants
were operating a particularly complex technological system: one in which extendable
artefacts were needed so that they could undergo intensive reduction at other sites, but in
which the same extendable artefacts were being deposited, without undergoing extensive
reduction, at Mount Carmel. This leads to questions which are difficult to answer. Why
would the hominid groups produce artefacts which had been made purposefully with
extendable morphologies and then proceed to deposit some of these artefacts at a site
where their extendable morphology was not needed?

If these groups needed more

extendable artefacts at other sites, and less extendable artefacts at Mount Carmel, why
didn't they simply produce artefacts with morphologies suited to the sites where they
would be employed?

To accept the proposition that extendable artefacts were being

produced for use off-site, we would need to assume that Mount Carmel functioned as a
caching site that was furnished with artefacts that had been designed to be transported to
other sites for further reduction.

Without any supporting evidence, this hypothesis is

complex and invokes a sizeable assumption concerning Mount Carmel's function as a site
within a wider technological system.

An alternative explanation for the extendable morphology of artefacts in the LevalloisoMousterian assemblages is that they were produced in anticipation of high re-provisioning
stress which could be encountered in the future. In this scenario, artefacts with extendable
morphologies were produced as a response to an elevated risk of re-provisioning stress. If
artefacts are produced in a situation where the severity of re-provisioning stress is
unpredictable, and there is a risk of high re-provisioning stress being encountered in the
future, then there is an incentive to implement an extension strategy when producing
artefacts. An extension strategy would function as a risk-reduction strategy, as it would
facilitate artefact reduction if high re-provisioning stress was encountered.

A similar

argument has been made in the more specific context of tool design: that in situations when
opportunities to replace tools are difficult to predict, there is an advantage for designing
tools that have longer potential use-lives (Kelly and Todd 1988; Kuhn 1994; Nelson 1991;
Shott 1986). The argument framed here operates at a more general level, to encompass
artefacts without limiting the context specifically to artefacts which were designed to be
tools.

Implementing an extension strategy will be advantageous in situations where re-

provisioning stress is unpredictable, and there is a risk that high re-provisioning stress will
be encountered in the future.

Unpredictability of future re-provisioning stress could be brought about by a number of
causes,

for example

unpredictability

in group movement

through the

landscape,

unpredictability in time available to procure quantities of stone, or an unpredictable rate of
tool use and attrition that would result in unpredictability in the rate at which replacement
tools would need to be produced or functional edges resharpened. Any of these factors
would make it difficult to judge the extent to which an artefact might need to be reduced in
the future. As a consequence, there would be an advantage to selecting flake blanks that
have a low reductive difficulty, to guard against the chance that these flakes might need to
be intensively retouched.

In such a situation, not all artefacts would end up being

intensively reduced: at times when re-provisioning stress is relatively low, artefacts might
not be reduced very much before being discarded. Unpredictability in the severity of reprovisioning stress could therefore produce assemblages of artefacts with low ultimate
reductive difficulty and low reduction intensity.

This possibly could explain the

coincidence of these two qualities in the Levalloiso-Mousterian assemblages at Mount
Carmel. If the groups producing the assemblages were operating in a situation where re-

provisioning stress was generally low, but where unpredictable periods of high reprovisioning stress occasionally occurred, then they might produce artefacts with
extendable morphologies to plan for these unpredictable periods.

Consequently, the

artefacts produced would consistently have extendable morphologies, but would generally
not need to be intensively reduced.

To be sustainable, this hypothesis would require evidence indicating an increase in reprovisioning stress during the Levalloiso-Mousterian, in contrast to the periods which
preceded and followed it. There is no such support to be found from data on the climate or
the site's ecological surroundings during these periods.

No data indicte changes in the

availability of flint in the surrounding landscape (Bar-Yosef 1991; Delage 2007a; Delage
2007b).

There is no research I am aware of that suggests the locally available flint,

occurring in the limestone ridge formation and eroding out of it into river drainage
channels, would have varied in its abundance throughout the Palaeolithic.

Similarly,

faunal remains obtained from the site do not indicate a marked change in the ecological
makeup of the locally available animal communities (Tchemov 1981; Tchemov 1992;
Tchemov 1994; Tchemov 1998). Although our current uncertainty of the absolute age of
the Levalloiso-Mousterian layers makes it difficult to correlate them with trends in global
climate, researchers working in the area have not found evidence for sudden environmental
or ecological changes associated with the beginning and end of the Levalloiso-Mousterian
(see reviews by Bar-Yosef 1992c; Bar-Yosef and Meignen 2001; Shea 2008). Currently,
other lines of evidence do not provide any compelling support for the hypothesis of
increases in the unpredictability or severity of re-provisioning stress during the LevalloisoMousterian.

The evidence provided by the artefacts themselves also makes it hard to unquestioningly
accept the hypothesis of increased re-provisioning risks during the Levalloiso-Mousterian.
If periods of high re-provisioning costs did in fact occur, necessitating the production of
flakes with extendable morphologies, then why is there not a sub-set of artefacts which are
intensively reduced?

The analyses presented in this thesis do not indicate that the

distribution of reduction intensity was bi-modal in the Levalloiso-Mousterian assemblages.
The assemblages do not contain a group of artefacts which have been reduced to take
maximum advantage of their low reductive difficulty.

Instead, the artefacts display

similarly low values of reduction intensity in concert with low reductive difficulty and high

reduction potential. Why doesn't the sample of artefacts analysed show any evidence for
some artefacts being intensively reduced in response to increases in re-provisioning stress?
It could be the case that the periods of increased re-provisioning stress occur too rarely to
be visible archaeologically, particularly given that Garrod's collection is a sample of the
retouched artefacts found in her excavations. If the periods of increased stress are so rare,
however, then would people consistently produce artefacts with highly extendable
morphologies to guard against these periods? Alternative strategies could be used to guard
against periods in which artefacts with extendable morphologies are needed. For example,
a small number of such artefacts could be produced as insurance against periods of high reprovisioning stress, which could be held in reserve. Having a reserve of artefacts to guard
against occasional periods of stress, artefacts for more usual low-stress situations could be
produced which did not need to be designed to have particularly extendable morphologies.
In other words, a small reserve of artefacts could function as an extension strategy,
enabling the production of other artefacts to be done in a much more flexible manner.
Archaeologically, this would lead to an assemblage in which only a minor portion of
artefacts would

show particularly

extendable

morphologies.

Employing a

more

sophisticated strategy to guard against future risks in this way would seem to be preferable
to mechanically producing artefacts which all have highly extendable morphologies, in the
knowledge that the majority of them will not need to be utilised to their full potential.

The two hypotheses discussed so far have attempted to preserve the concept that the
extendable morphology of the artefacts in the Levalloiso-Mousterian assemblages is the
result of an extension strategy having been implemented by the hominids that made them.
The first hypothesis posited the transport of artefacts off-site to be intensively reduced
elsewhere.

The second hypothesis proposed that an extension strategy was being

implemented to plan for unpredictable levels of re-provisioning stress. The chief weakness
of both hypotheses lies in the fact that they are speculative, and there is no direct evidence
supporting them.

While both hypotheses propose scenarios which are possible, both

invoke an unseen mechanism to support the interpretation that the morphology of the
artefacts in the Levalloiso-Mousterian is the result of the implementation of an extension
strategy. Instead, the more reasonable conclusion to draw is that the morphology of the
artefacts in the Levalloiso-Mousterian is being driven by some other mechanism: the
hypothesis that it is driven by the intentional implementation of an extension strategy is
untenable given the data provided by the measure of reduction intensity.

An alternative explanatory hypothesis is that the low level of ultimate reductive difficulty
exhibited by the artefacts in the Levalloiso-Mousterian assemblages is an incidental result
of changes in core reduction behaviour.

The Levalloiso-Mousterian

assemblages

incorporate a high percentage of Levallois cores and Levallois flakes (Dibble 1981; Garrod
and Bate 1937; Jelinek 1975), which are absent from the Acheulean and Aurignacian
assemblages (Garrod and Bate 1937). The reduction of Levallois cores characteristically
produces flakes which are thin relative to their length and width (Brantingham and Kuhn
2001; Chazan 1997; Chazan 2000). It has been proposed that the capacity to produce large
numbers of thin flakes per volume of material is an advantage of Levallois core reduction,
in that Levallois cores produce flakes with a large amount of cutting edge relative to their
weight (Brantingham and Kuhn 2001).

The distinctive morphology of artefacts in the

Levalloiso-Mousterian assemblages found in this study, namely their decreased thickness
and increased width/thickness ratios, would be an expected result of the predominance of
Levallois core reduction in these assemblages. More importantly, the production of flakes
with these characteristics might have been carried out as a means of reducing cores in a
more efficient manner, as demonstrated by Brantingham and Kuhn, rather than as a means
of creating flakes with low reductive difficulty.

Under this hypothesis, the decreased

reductive difficulty of flakes in the Levalloiso-Mousterian assemblages is an incidental
result of an emphasis being placed on efficient core reduction. This hypothesis provides a
possible explanation for the observation that knappers in the Levalloiso-Mousterian
produce flake blanks with lower reductive difficulty than those in the other two industrial
groups, but do not take advantage of the flake blanks' decreased reductive difficulty by
carrying out more intensive reduction.

The hypotheses put forward here demonstrate that the ability to evaluate reductive
difficulty, both in terms of immediate reductive difficulty and ultimate reductive difficulty,
is a particularly powerful interpretive tool when combined with existing methods of
evaluating the extent to which artefacts were reduced.

The relatively low reductive

difficulty of artefacts in the Levalloiso-Mousterian, in contrast to the Acheulean and the
Aurignacian, when viewed in isolation, indicates that flake blanks were produced or
selected to facilitate future reduction. Being able to measure, through the use of the GlUR,
the extent to which artefacts in these assemblages were in fact reduced before being
discarded shows that the decreased reductive difficulty in the Levalloiso-Mousterian

assemblages coincides with a decrease in reduction intensity. On the basis of these data,
interpreting changes in the emphasis being placed on extension strategy implementation
cannot be achieved unambiguously. Although the artefacts in the Levalloiso-Mousterian
have morphologies which are clearly more "extendable" through having lower reductive
difficulty, this cannot be explained by hypothesising the operation of an extension strategy
without dramatic and unsustained assumptions being invoked.

Two hypotheses which

attempted to explain the data, while still accepting the hypothesis of an extension strategy
driving the morphology of the artefacts in the Levalloiso-Mousterian, were discussed and
found to be reliant on untested and complex assumptions. An alternative hypothesis is that
the decrease in reductive difficulty is the by-product of an emphasis being placed on
efficiency of core reduction. The hypotheses are not mutually exclusive: the technological
system operating during the Levalloiso-Mousterian

certainly produced

flakes

with

relatively low reductive difficulty, and presumably also involved the efficient reduction of
cores through the use of methods of Levallois core reduction. It is possible that both of
these characteristics were advantageous, and that both characteristics were desired by the
knappers who produced the assemblages.

Ultimately, the potential to make positive

statements about the strategic aims of prehistoric knappers is limited by equifmality, and
the possibility that different strategic aims, or a combination of strategic aims, could
equally result in the same characteristics of artefact morphology.

The ability to analyse the reductive difficulty of artefacts adds to our capacity to interpret
changes in prehistoric behaviours of artefact reduction. The ultimate reductive difficulty,
and immediate reductive difficulty of artefacts, and the intensity of reduction which
artefacts have undergone, constitute three different "dimensions" of artefact variability
which are each behaviourally meaningful.

The data gathered from the assemblages at

Mount Carmel demonstrates how the analysis of these three different dimensions enables
hypotheses about artefact reduction behaviour and technological organisation to be
formulated, which could not have been formulated without the analysis of all three
dimensions of artefact variability in concert.

While the data gathered from the Mount

Carmel assemblages do not provide unambiguous evidence for the identification of
changes in the emphasis placed on extension strategies through time, the three dimensions
of artefact variability analysed have revealed that significant changes in immediate
reductive difficulty, ultimate reductive difficulty and reduction intensity occur across the
different layers of the two sites. Changes in these three dimensions of artefact variability

occur simultaneously across the sequence of excavated layers, demonstrating that the
industrial boundaries within the sequence coincide with substantial changes in the selection
and reduction of flake blanks.

Artefact variability at Mount Carmel, and its implications for preexisting depictions of change through time

The results of this study contribute to an ongoing discussion of cultural change across the
Palaeolithic in the Levant. Debates concerning cultural change across the Palaeolithic still
uses the three industry types identified by Garrod in her pioneering work (Garrod and Bate
1937) as a tool enabling inter-site comparisons.

The continuing relevance of Garrod's

industrial categories was discussed at length in chapter 5. The industrial groups into which
the artefact assemblages at Mount Carmel were divided - Acheulean,

Levalloiso-

Mousterian and Aurignacian - have been used to classify assemblages at sites in the Levant
up until the present day. Although some researchers have used different names for the
three industries (the Acheulean has been re-labelled the "Mugharan Tradition", and the
Levalloiso-Mousterian is now usually called "Levantine Mousterian"), the three industries
have been consistently treated as separate entities.

Garrod's division of the Levalloiso-

Mousterian into three sub-groups (B, C and D) is also still used to classify assemblages
across the Levant. There is, however, disagreement on the nature and extent of change that
occurs between the different industries, both in terms of changes in the artefact
assemblages and in terms of inferred changes in the behaviours of the human groups that
created the assemblages.

The current study, focusing as it does on variation between

assemblages in terms of artefact reductive difficulty, provides new data on both the
physical changes of artefacts across the three industrial groups, as well as interpretations of
what these changes in artefact morphology mean in terms of changing behaviours of flake
reduction by prehistoric artisans.

Three major debates concerning depictions of change through time, all of which focus on
changes in artefact assemblage composition and stone artefact morphology, were identified
in chapter 5. These three debates involve different time periods, and so can be discussed
chronologically, beginning with one relating to the deepest layers at Tabun:

Continuity or dis-continuity of change across the boundary between the Acheulean
and the Levalloiso-Mousterian?

The boundary between the first two industries at Mount Carmel (the Acheulean and the
Levalloiso-Mousterian) has not received the same amount of attention as other interindustry boundaries.

Despite this, the boundary between the Acheulean and the

Levalloiso-Mousterian is still the subject of two contradictory depictions of changes in
artefact assemblages. Garrod described the assemblages from the two industries as being
very different on typological grounds, in terms of the proportions of different implement
types present (Garrod and Bate 1937).

Following his excavation of Tabun, Jelinek

presented a continuous picture of change through time, on the basis of varience in the
width to thickness ratios of unretouched flakes from excavation units across the boundary
between the two industries (Jelinek 1977; Jelinek 1981b; Jelinek 1982a; Jelinek 1982b).
The question of whether change occurs gradually, or whether the boundary between the
Acheulean and Levalloiso-Mousterian deposits coincides with an abrupt change in
assemblage composition, remains a subject of debate (e.g. Bar-Yosef 1994: 254; Marks
1992b: 236; Shea 2007b: 227; Shea 2008: 2258 - 2259).

The results presented in this thesis indicate that the boundary between the Acheulean and
the Levalloiso-Mousterian deposits at Tabun coincides with a sharp contrast in many
characteristics of scraper morphology. The Levalloiso-Mousterian assemblages showed a
decrease in the both the immediate and the ultimate reductive difficulty of the flake blanks
which were being produced and selected for reduction. The ratio between the reductive
difficulty and reduction potential of scrapers also decreased in the Levalloiso-Mousterian.
Intensity of reduction also decreases significantly between the Acheulean and the
Levalloiso-Mousterian assemblages. These changes in scraper morphology were evalated
as possible evidence for greater emphasis being placed on employing a reduction strategy
in the Levalloiso-Mousterian, in contrast to the Acheulean. As discussed, the decrease in
reduction intensity casts considerable doubt on whether the changes in artefact morphology
provide

unambiguous

evidence

for an increased

emphasis on extension

strategy

implementation, and an alternative hypothesis is that these changes result from a change in
core reduction behaviour.

Whichever of these mechanisms is the cause of change in

artefact morphology, it remains the case that the boundary between the Acheulean and the
Levalloiso-Mousterian

assemblages coincides with significant changes in artefacts'

immediate reductive difficulty, ultimate reductive difficulty and reduction intensity.

These changes in artefact morphology do not take place gradually across the Acheulean
and Levalloiso-Mousterian assemblages, but instead occur abruptly across the boundary
between the final Acheulean assemblage and the first Levalloiso-Mousterian assemblage.
While it is true that Garrod's excavation units are far larger in terms of the depths of
deposit which they include, than Jelinek's (1975), this cannot account for the discrepancy
in results. Jelinek's data on the varience in width to thickness ratios of unretouched flakes
showed gradual change occurring from assemblages in layer F through to assemblages in
layer C and layer B (Jelinek 1977: figure 2; Jelinek 1981b: figure 4; Jelinek 1982b: figure
8). Jelinek's study therefore found a continuous trajectory of the varience of flake widththickness ratios, starting from one of the deepest Acheulean layers and extending through
the first three Levalloiso-Mousterian layers. The pattern of change identified in this study
is, in contrast, one of discontinuous change coinciding with the boundary between the
Acheulean and the Levalloiso-Mousterian.

The data analysed in this study demonstrate

that ultimate reductive difficulty and immediate reductive difficulty remain consistently
high throughout the Acheulean, but are then consistently low throughout the LevalloisoMousterian.

The picture of discontinuity, and change coinciding with the boundary

between the two industries, is in agreement with Garrod's depiction of abrupt and
substantial change in the composition of the artefact assemblages between the Acheulean
and the Levalloiso-Mousterian.

Is there any notable variation between the Levalloiso-Mousterian assemblages at
Tabun Cave?

The Levalloiso-Mousterian assemblages excavated at Tabun Cave, excluding the chimney
deposits, have been widely used as a yardstick to classify assemblages across the Levant,
as reviewed in chapter 5. The labelling of assemblages as B-type, C-type or D-type is still
practised, and this classification of assemblages is treated as a valid way of comparing sites
in reviews and syntheses of Levantine prehistory (e.g. Bar-Yosef 1998; Bar-Yosef 2007;

Bar-Yosef and Meignen

1992; Copeland

1975; Copeland

1981; Lieberman

1993a;

Lieberman 1993b; Lieberman and Shea 1994; Shea 1998; Shea 2007a; Shea 2007b; Shea
2008). The differences between the three types of assemblage are depicted in terms of the
predominant mode of Levallois core reduction. The designation of assemblages into the
three types is consequently carried out on the basis of the modal morphology of Levallois
cores and Levallois flakes. The discussion of Levallois-Mousterian assemblage taxonomy
in chapter 5 concluded that, as research on the three different assemblage types has focused
on the morphology of Levallois cores and unretouched Levallois flakes, the results of this
study would be of significance in identifying differences in the retouched artefacts between
the assemblages. Given that the three main layers excavated at Tabun (T B, T C and T D)
provide the "type stations" for the three assemblage types, this study has relevance to
research on inter-assemblage variability across the Levant.

No significant differences were detected between the three

Levalloiso-Mousterian

assemblages at Tabun in relation to any of the morphological characteristics analysed in
this study.

All of the variables examined here indicate that the unifacially retouched

artefacts in the three assemblages are statistically equivalent in terms of their immediate
reductive difficulty or their ultimate reductive difficulty, as well as in terms of the intensity
with which artefacts were retouched. On this basis, there seems to be no difference in the
emphasis placed on implementing extension strategies by the artisans who produced the
different assemblages.

The only differences observed between the assemblages were in

terms of the ranges of variation which they exhibited.

The most recent of the three

assemblages, T B, has a noticeably larger interquartile range than the other two
assemblages in relation to average segment thickness and average segment elongation.
This indicates that the Tabun B assemblage has larger range of its artefacts' overall
reductive difficulty, as well as a larger range in the ratio of artefacts' reductive difficulty to
reduction potential.

In the case of both variables, T B's larger range of values had the

effect of making it more similar to the Acheulean and Aurignacian assemblages.

By

contrast, the other two Levalloiso-Mousterian assemblages (T C and T D) were
significantly different from the majority of Acheulean and Aurignacian assemblages.
While these data indicate that the assemblage from T B displays a greater degree of
variation in terms of the characteristics of artefact morphology analysed in this study, the
main finding is that the Levallois-Mousterian assemblages are similar in terms of the
reductive difficulty of their artefacts, and the intensity of reduction carried out on these

artefacts. There is no evidence of any changes in the emphasis being placed on extension
strategy implementation between the different Levalloiso-Mousterian assemblages.

What is the nature, and significance, of technological change across the MiddleUpper Palaeolithic boundary?

Although discussions on the boundary between the Middle and Upper Palaeolithic in the
Levant have drawn different conclusions on the nature and continuity of change across the
boundary, the existence of a change in assemblage composition between the Middle and
Upper Palaeolithic is generally accepted. Assemblages dominated by Levallois flakes and
scrapers are succeeded by assemblages with abundant blades, points, burins and
endscrapers. Assemblages on both sides of the boundary generally have large proportions
of unifacially retouched scrapers, and these artefacts consequently provide a "common
ground" for comparison to be made between Middle and Upper Palaeolithic assemblages.
The data which this study has generated on changes in reductive difficulty across the
Middle and Upper Palaeolithic is of relevance to depictions of change across the boundary
published by other researchers.

The analysis of artefacts from el-Wad's lowest layers, F and G, did not support the
proposed status of these assemblages as being "transitional", or intermediate in form,
between

the

Levalloiso-Mousterian

assemblages at el-Wad.

assemblages

at

Tabun

and

the

Aurignacian

The assemblages from M F and M G fell into the Levalloiso-

Mousterian group, statistically, for all of the variables that showed a difference between
the Levalloiso-Mousterian and Aurignacian assemblages. The scrapers in M F and M G
had equivalently low ultimate reductive difficulty to scrapers in the other LevalloisoMousterian assemblages, in contrast with the higher ultimate reductive difficulty seen in
the overlying Aurignacian assemblages.

Artefacts from M F and M G were also less

intensively retouched than artefacts from the Aurignacian assemblages: in fact, the other
Levalloiso-Mousterian assemblages were closer to the Aurignacian assemblages in this
respect. Overall, therefore, there is no evidence to suggest that the scrapers in M F and M
G are intermediate between the Levalloiso-Mousterian and Aurignacian assemblages.

It

must be remembered that the original interpretation of these assemblages as intermediates

was done on the basis of the association of Levallois flakes and Upper Palaeolithic artefact
types such as blades, burins and endscrapers (Garrod 1951).

The data presented here

should not be taken as a refutation of these assemblages as intermediates, given that their
intermediate status was not defined in terms of the characteristics of scraper morphology
analysed in this study. It can only be concluded that the variables analysed do not provide
any supporting data for the interpretation that these assemblages are intermediate in form
between the Levalloiso-Mousterian and the Aurignacian.

This study has, therefore, produced data that contribute to the debate concerning the
"transitional" status of the M F and M G assemblages. Discussions involving the existence
of transitional assemblages deal with the rate at which change occurred between the
Levallois-Mousterian and Upper Palaeolithic, and are tied to the concept of identifying
phylogenetic relationships between assemblages, and using this to reconstruct processes of
cultural evolution.

In particular, these discussions carry the assumption that identifying

intermediate, or "transitional", forms in the archaeological record can be used to argue for
continuous and gradual change in material culture. This, in turn, is used as an indicator
that the Upper Palaeolithic industries are the result of gradual in-situ evolution, which is
usually discussed in opposition to the hypothesis of diffusion (or sudden invention) of the
Upper Palaeolithic cultural complex (for a review see Marks 1983: 51 - 58). As discussed
in chapter 5, this thesis did not set out to examine the validity of the concepts commonly
underlying discussions of transitional assemblages. In relation to the disputed transitional
status of the M F and M G assemblages, this study has simply set about examining whether
these assemblages appear to be intermediate, in terms of their artefact morphology,
between

the

Levalloiso-Mousterian

assemblages

at

Tabun

and

the

Aurignacian

assemblages at el-Wad.

Turning away from the debate around the existence of a transition occurring between the
Middle and Upper Palaeolithic in the Levant, the remainder of this section will discuss the
differences identified between the Levalloiso-Mousterian and Aurignacian assemblages at
Mount Carmel, and the significance of these findings, given current depictions of change
across the Middle to Upper Palaeolithic boundary.

The data presented in chapters 7 and 8 indicate that the boundary between the LevalloisoMousterian and the Aurignacian coincides with an increase in the reductive difficulty of

artefacts. Both the ultimate reductive difficulty and the immediate reductive difficulty of
artefacts increase in the Aurignacian assemblages. This also coincides with an increase in
intensity of artefact reduction. The data indicate that there is a significant change across
the boundary between the Levalloiso-Mousterian and the Aurignacian, in terms of all three
dimensions of artefact variability analysed by this study. The boundary between these two
industrial groups sees an increase in both measures of reductive difficulty, and an increase
in the intensity of artefact reduction.

In short, this study observed changes in patterns of flake reduction across the boundary
between

the

Middle

Palaeolithic

(Levalloiso-Mousterian)

and

Upper

Palaeolithic

(Aurignacian) assemblages at the two sites. These data support the traditional depiction of
the Middle to Upper Palaeolithic boundary, generated by typological analysis of artefact
assemblages, as marking a substantial change in material culture. Artefact industries of the
Upper Palaeolithic are often depicted as being unprecedented by any industries which
occurred before them. This picture fits with the data obtained in this study, but only if the
Aurignacian and Levalloiso-Mousterian assemblages are considered in isolation.

The

pattern of change through time looks substantially different if the Acheulean assemblages
are considered as well.

Assemblages from the four largest Acheulean layers (T Ea - T Ed) were made up of
artefacts with similarly high ultimate reductive difficulty to those found in the
Aurignacian.

Immediate reductive difficulty was also demonstrated to be higher in the

Aurignacian and Acheulean than it was in the Levalloiso-Mousterian assemblages. In both
these respects, the Levalloiso-Mousterian assemblages showed contrasting characteristics
to both the Acheulean and the Aurignacian assemblages. Change through time does not
occur only once, at the boundary between the Middle and Upper Palaeolithic. Instead, an
equally substantial change occurs at the boundary between the Acheulean and the
Levalloiso-Mousterian assemblages.

In addition, the similarities between the Acheulean

and the Aurignacian assemblages mean that the changes through time are cyclical, rather
than linear and uni-directional, in nature.

The assemblages in the Upper Palaeolithic,

rather than representing an unprecedented set of artefact characteristics, are more
accurately interpreted as a return to characteristics that were present in the Acheulean.

The magnitude of technological change which occurs across the Middle to Upper
Palaeolithic boundary in the Levant has been emphasised by a number of researchers. The
change in artefact morphologies and assemblage composition has been used as supporting
evidence for interpretations of species replacement (Bar-Yosef 2007; Shea 2008) and the
emergence of a suite of unprecedented behavioural traits (Bar-Yosef 2007).

The data

contributed by this study, which is restricted in scope to the analysis of unifacially
retouched artefacts, indicates that the magnitude of change observed across the Middle to
Upper Palaeolithic boundary is no greater - and possibly not as great - as change which
occurred across the boundary between the Acheulean and the Levalloiso-Mousterian. Both
of these boundaries coincide with a shift in the organisation of stone artefact technology.
Whether either, or both, of these boundaries is associated with a change in hominid species
occupying Tabun Cave, and whether changes in hominid species occurred through in-situ
evolution or emigration and replacement, are currently unanswerable questions. What the
artefacts alone tell us, however, is that the populations occupying Mount Carmel prior to
the onset of the Upper Palaeolithic were capable of implementing a shift in the
organisation of their stone artefact technology which was as dramatic as the shift that
occurred at the onset of the Upper Palaeolithic.

The changes in the reductive difficulty of artefacts through time demonstrates that the
change that occurred at the Middle to Upper Palaeolithic boundary is not unprecedented.
Rather than being a new and previously unseen development, the assemblages in the Upper
Palaeolithic at Mount Carmel see the return of a pattern of technological organisation
which had existed previously in the Acheulean.

The value of the extension strategy concept to interpretations of stone
artefact assemblages

This thesis has demonstrated that the potential to identify extension strategies being
implemented in the past is of value, because it informs us of human responses to reprovisioning stress. An extension strategy is an adaptive tool, which the users of stone
artefacts can employ as a means of minimising the negative impact of future reprovisioning stress.

Because an extension strategy involves producing artefacts in

anticipation of future re-provisioning stress, rather than as a response to current reprovisioning stress, identifying extension strategies is a particularly powerful analytical
tool when used in conjunction with currently available indices of reduction. Being able to
identify extension strategies using archaeological assemblages rests on our ability to
analyse the reductive difficulty of stone artefacts. This thesis has provided practical means
of achieving this aim.

The value of analysing artefact's reductive difficulty in conjunction with the extent to
which they were reduced was demonstrated in the case of the Levalloiso-Mousterian
assemblages at Mount Carmel. Relatively low ultimate reductive difficulty of the artefacts
in these assemblages showed that a greater emphasis was being placed on extension
strategies than was the case in other assemblages at the two sites, but the artefacts'
immediate reductive difficulty, and the Geometric Index of Unifacial Reduction (Kuhn
1990) did not support this interpretation. The counter-intuitive patterning of these three
dimensions of artefact variability prompted the building of several possible explanatory
hypotheses.

The different dimensions of variability analysed in this study - ultimate

reductive difficulty, immediate reductive difficulty, and reduction intensity - provide
ambiguous data on the interpretation that the Levalloiso-Mousterian assemblages are the
result of an emphasis being placed on extension strategy implementation. The ambiguity
of data at Mount Carmel, however, does not discredit the value of analysing reductive
difficulty, or the potential for the analysis of reductive difficulty to enable the identification
of extension strategies that operated in the organisation of artefact technologies in the past.
In other archaeological assemblages, increases in reduction intensity could be associated
with decreases in the ultimate reductive difficulty of artefacts, which would provide better
support

for

the

identification

of

an

increased

emphasis

on

extension

strategy

implementation.

The methods used in this study to analyse the reductive difficulty of

artefacts provide the potential for interpreting changes in artefact morphology as being
related to changes in extension strategy implementation.

The example provided by the

Levalloiso-Mousterian assemblages at Mount Carmel demonstrates that the reductive
difficulty of artefacts should not be measured in isolation, however. Analysis of reductive
difficulty should be done in concert with measurements of reduction intensity, if reliable
interpretations are to be drawn regarding changes in extension strategy implementation.

The pattern of change in ultimate reductive difficulty, immediate reductive difficulty and
reduction intensity seen across the assemblages at Mount Carmel showed that being able to
analyse these three different dimensions of artefact variability is potentially informative of
strategies of technological organisation.

The techniques developed in this thesis, which

allow the analysis of artefacts' reductive difficulty, are particularly valuable when used in
concert with measurements of reduction intensity, in the form of previously developed
reduction indices such as the GIUR. These independent analytical tools are both useful for
re-constructing the re-provisioning stress experienced by the hominids who created artefact
assemblages.

They provide different types of information: the reductive difficulty of

artefacts is informative of the extent to which the producers of artefact assemblages were
anticipating the possible occurrence of high re-provisioning stress.

If anticipated re-

provisioning stress was potentially high, then producing artefacts with low reductive
difficulty is advantageous.

Identifying when assemblages show evidence of emphasis

being placed on the implementation of an extension strategy, through minimising artefact
reductive difficulty, allows us to identify when human groups were anticipating potentially
high future re-provisioning stress. Measuring the extent to which artefacts were reduced,
using an analytical tool such as the GIUR, can be used to identify the severity of reprovisioning stress that was experienced by human groups. In situations where high reprovisioning stress was experienced, artefacts will be reduced to a greater extent than when
the re-provisioning stress experienced was not as high. The ability to identify the relative
emphasis being placed on extension strategies by the makers of stone artefacts, as well as
the extent to which artefacts were reduced, allows interpretations to be made about the
severity of re-provisioning stress which human groups were anticipating when they
produced artefacts, as well as the severity of re-provisioning stress which was actually
experienced.

This thesis has argued that the task of identifying the presence of, and emphasis on,
extension strategies in the archaeological record involves identifying morphological
characteristics which affect an artefact's reductive difficulty. To carry out this task, the
approach used here was first to evaluate the processes involved in fracturing stone to create
a flake, and second to investigate the flake production process through a program of
controlled experiments.

The discussion of fracture mechanics in chapter 3 built upon

previous literature to develop a more comprehensive understanding of the flake production
process than has been available previously. The information generated has relevance to all
situations of flaked stone artefact production, even though its immediate aim for the
purposes of this thesis was to generate principles which could be applied to the specific
context of unifacial reduction of flake blanks. The outcomes of relevance to the aims of
this thesis were the generation of a number of hypotheses that proposed a number of
characteristics of artefact morphology which could affect the relative difficulty involved in
striking flakes from that artefact.

The value of a theoretical understanding of fracture mechanics to generate hypotheses of
relevance to the production of stone artefacts has been underestimated by archaeologists.
The published literature dealing with understanding the fracture processes involved in
flake production, though it has a history of several decades, is comprised of few works by a
limited number of authors.

Understanding the flake production process does, however,

have considerable power to generate archaeologically relevant hypotheses, and to develop
research questions. The potential for a theoretical understanding of the fracture process to
be utilised for generating hypotheses concerning the reductive difficulty of artefacts has
been demonstrated by this thesis. It is hoped that the understanding of fracture behaviour
generated in chapter 3 will have a wider use for future research questions in the study of
flaked stone artefacts.

The second step taken by this thesis to link characteristics of artefact morphology with
reductive difficulty was a program of controlled experiments. The aim of these controlled
experiments was to explore whether certain aspects of artefact morphology created
problems for the flake production process. The outcome of the controlled experimental
program was an understanding of the ways in which certain characteristics of artefact
morphology increase or decrease an artefact's reductive difficulty.

This was used to

propose a series of morphological variables that can be used as indicators of reductive

difficulty. These variables were demonstrated to be indicative of an artefact's immediate
reductive difficulty, or its overall reductive difficulty. Since they were related to aspects of
artefact morphology, the variables were all measurable archaeologically.

Investigation of reduction problems, and the evaluation of the reductive difficulty of
artefacts, have not been the primary focus of any previous studies involving controlled
experimental flake production. The experiments presented in chapter 4 demonstrate that a
controlled experimental approach has a number of advantages for exploring characteristics
which affect reductive difficulty, however. Controlled experiments enable artefacts with
certain morphological characteristics to be repeatedly flaked - this was shown to be
particularly valuable, as it allows flakes to be initiated from different points on the
platform surface.

The way in which fractures occurred can consequently be observed

across a range of initiation points. The ability to carry out repeated flaking events using
the same artefact morphology is advantageous for the exploration of circumstances under
which problems occur in the

flake-production

process.

For this reason, using controlled

experiments is extremely valuable for developing an understanding of how artefact
morphology affects an artefact's reductive difficulty.

Controlled experiments are an under-utilised method of generating an understanding of
flake production processes. The number of controlled experimental studies carried out by
archaeologists remains low, despite their long history (stretching back to Warren 1905;
Warren 1914).

The work presented in this thesis has demonstrated their substantial

potential to generate archaeologically relevant information on the question of artefact
reductive difficulty. The usefulness of controlled experiments certainly extends beyond
the research questions of this thesis, however.

Controlled experiments provide an

opportunity to develop principles of fracture behaviour and flake production which can
isolate processes of cause and effect with clarity and reliability. Experimentation has been
recognised by archaeologists as being invaluable for the study of flaked stone artefacts for
the majority of our discipline's history.

Controlled experiments, as a sub-set of the

experimental approaches available to us as archaeologists, have an important role to play.
Our understanding of prehistoric technologies and past human behaviour will benefit if
controlled experiments are utilised to a greater extent in the future of archaeology.

The methods developed and carried out in this thesis to analyse the reductive difficulty of
unifacially retouched flakes will be of potential use to a number of areas of current
archaeological research. Questions which have attracted considerable research interest in
various parts of the world involve the interpretation of variability, through time or across
space, in the morphology of unifacially retouched artefacts.

These include questions

related to variability of assemblages within and between Mousterian sites in Europe, an
area in which competing interpretations of changes in human behaviour have been
constructed, many of which have used variability of unifacially retouched flakes as their
focus (Bordes and de Sonneville-Bordes 1970; Dibble 1983; Mellars 1996; Rolland and
Dibble 1990). Variability in artefact morphology has been discussed as a result of both
differences in reduction intensity (Dibble 1984; Dibble 1987; Dibble 1991c; Dibble and
Rolland 1992; Holdaway et al. 1996) and differences in the morphology of the flakes
produced and selected to be retouched (Bordes 1961; Bordes 1968; Kuhn 1992a; Mellars
1996). The method of analysing artefact reduction potential developed by this study could
be applied directly to unifacially retouched artefacts in Mousterian sites, and would add to
our capacity to interpret behaviours of artefact reduction.

Assemblages on both sides of the divide between the Middle and Upper Palaeolithic are
frequently dominated by unifacially retouched artefacts.

In the Old World, unifacially

retouched artefacts are cited as being predominant in the Middle and Late Stone Age of
Africa (Goodwin 1931), and in the Middle and Upper Palaeolithic assemblages of Europe
and the Middle East (Bordes 1968; Mellars 1996). Unifacially retouched artefacts are also
documented as making up a high proportion of assemblages classified as "transitional"
between the Middle and Upper Palaeolithic: this is true, for example, of the Central/East
European Szeletian (Allsworth-Jones 1986; Olivia 1991; Svoboda 2005) and Bohunician
(Bolus and Conard 2001; Tostevin 2000) and transitional assemblages across the Levant
(see chapter 5). Although discussions of the differences between the Middle and Upper
Palaeolithic often focus on other elements of material culture, in particular the appearance
of novel implement types (e.g. Gibson 2007; McBrearty 2007; Mellars 1989; Mellars
1996: 392 - 401), unifacially retouched artefacts provide a common element between
Middle and Upper Palaeolithic sites, and are therefore valuable for comparisons between
assemblages across the Middle/Upper Palaeolithic boundary.

Questions relating to the

nature of change, and the pace of change across the boundary between the Middle to Upper
Palaeolithic can be contributed to through analyses of assemblages of unifacially retouched

artefacts.

The ability to analyse whether change in the reductive difficulty of artefacts

occurs across the Middle/Upper Palaeolithic boundary in other areas of the Old World will
add to our ability to interpret changes in human behaviour across this boundary.

The methods of analysing reductive difficulty which have been developed in this thesis can
be applied to a vast array of currently existing research questions, chiefly due to the
ubiquity of unifacially retouched artefacts in the archaeological record.

Recognising

changes in the reductive difficulty of artefacts in archaeological assemblages has the
potential to allow us to identify the implementation of extension strategies by prehistoric
humans, and to track changes in the emphasis placed on extension strategy implementation
between assemblages.

The ability to analyse the reductive difficulty of unifacially

retouched artefacts adds to our ability to link artefact morphology with questions of
technological organisation and the response by humans to situational factors, and in doing
so it adds to our ability to explain artefact variability.
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