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The visual identification of archaeological levels can be difficult when the

stratigraphy is complex. In this study, a Geographic Information System (GIS) is applied

to a three-dimensional intra-site spatial analysis of artefact and bone distributions from

Karabi Tamchin, a Middle Palaeolithic site from the Crimea, IJkraine. The distribution of

archaeological materials is examined using the K-means statistical clustering method,

combined with a series of data transformations to identify and interpret the vertical and

horizontal spatial organzation of the site. Results indicate that K-means cluster analysis,

used in conjunction with GIS, provides a means of testing the integrity of archaeological

levels as well as identifying palimpsests. Within levels, K-means is used to identify

discrete clusters of archaeological materials. Through an analysis of cluster contents, it is

possible to reconstruct and compare patterns of spatial orgarnzation on the site,

contributing to curent debates regarding the cognitive complexity ofNeanderthal

populations.
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1.L - Introduction

The application of spatial analysis to Palaeolithic sites can provide valuable

information about the location of and relationship between prehistoric activities that took

place within them. Spatial analysis considers activities at many different levels, including

the association of artefacts, physical features, environments and their interactions (Clarke

1979: 460). Therefore, studies of spatial patterning have the potential to provide

important information regarding the behaviour of past populations, creating a more

complete understanding, beyond the functional analysis of artefacts. The goal of this

thesis is to develop an appropriate method for the analysis and interpretation of three-

dimensional spatial organization within a Middle Palaeolithic rock shelter site.

Comparisons will be made between visually defìned cultural layers in a stratigraphic

profile and the results of an objective, quantitative analysis using three-dimensional data.

Once cultural levels have been defined, it may be possible to identify individual

occupations within levels, thus providing an effective method for the analysis of

archaeological palimpsests. The combined use of K-means cluster analysis and

Geographic Information Systems will be applied to a three-dimensional dataset of

archaeological materials for the interpretation of differential use of space (horizontal

distribution) and the nature of occupational levels (vertical distribution) within the

shelter.

The study region used for this research is the eastern section of the Crimean

peninsula, in the Ukraine. This region was selected for analysis based on the availability

of a three-dimensional dataset suitable for horizontal and vertical spatial analysis, as well

- Chapter One -
Introduction



as the unique opportunity to investigate spatial patterning within a Middle Palaeolithic

rock shelter site in a region of archaeological significance. Investigations within the

Crimean peninsula have identified numerous Middle Palaeolithic cave and rock shelter

sites throughout the Crimean Mountain Ranges, however Karabi Tamchin has been the

frrst stratified site identified within the highland region of the first mountain range

(Yevtushenko et al. In Press a). Therefore, this site and the region in general, have the

potential to answer many unanswered questions regarding Middle Palaeolithic settlement

patterns and the behavioural characteristics of Neanderthal p opulations.

Within this proposed research, the following questions will be addressed:

L. Is it possible to develop a suitable method for quantitative three-dimensional spatial
analysis, where stratigraphy is complex?

2. Can the horizontal analysis of artefact and bone clusters be used to interpret
differential sp atial organization?

3. Is it possible to identify unique occupational characteristics such as the presence of
archaeological palimpsests through vertical analysis?

4. Can the results of this spatial analysis be used to inte¡pret behavioural characteristics,
thus contributing to the cument debate concerning the organization of space within
Neanderthal populations?

5. To what degree does the application of GIS improve the analysis of three-dimensional
spatial patterning in archaeology?

1.2 - Spatial Analysis of Middle Palaeolithic Sites

Spatial analysis within archaeology is based on the premise that the location and

relationship between various artefact clusters (assuming un-disturbed) are a reflection of

past activities (Simek I984a.405). This evidence offers insight into the behavioural

orgaruzation of space within a prehistoric context. Within Palaeolithic archaeology, the

analysis of artefact distributions generally focuses on the analysis of cave and rock

shelter sites, where evidence of cooking, tool manufacture, hearth locations and sleeping



areas have been identified by the distribution faunal and lithic materials (Simek 1984a:

406). Unfortunately, Palaeolithic sites are rarely found in an undisturbed context;

therefore, the relationships and significance between artefact distributions can be difücult

to distinguish.

The analysis of spatial patterning within archaeological distributions must allow

for two important considerations (Gregg et al. 1991: 152). First, the characteristics of the

distribution must be identified based on the spatial structure of the deposit. Specifically, it

is necessary to determine whether materials are clustered or evenly distributed. Once this

has been established, it is necessary to evaluate the presence or absence ofartefact

clustering, as this can provide the important information regarding behavioural

organization and site disturbances. Natural processes such as taphonomic, chemical,

biological and physical factors (both depositional and post-depositional) can have

tremendous influence over the spatial characteristics of a distribution. Therefore, the

presence of these processes should be identified and incorporated into any evaluation of

human behavioural activities (Simek 1984a: 406; Gregg et al. l99I: I52).

Recent interpretations of Middle Palaeolithic spatial distributions have suggested

that the use of space among Neanderthal populations does not demonstrate a complex

pattern of organization. Rather, variability within the distributions has been compared to

the patterning of non-human carnivores @ettitt 1997) and interpreted as very basic,

pragmatic responses to the environment, which can be distinguished from the complexity

of modern human behaviour @inford 1996; Mellars 1996). Others (Vaquero 1999;

Vaquero and Pasto 2001) have criticized this interpretation based on evidence for

structured use of space in some Middle Palaeolithic sites. While these interpretations



offer plausible explanations for the spatial distribution of some Middle Palaeolithic sites,

it is equally important to consider the potential problems associated with depositional and

post-depositional disturbances, which can obscure natural patterning.

1.3 - Three-Dimensional Spatial Analysis

Archaeological investigations of spatial patterning have focused on the horizontal

distribution of materials in a two-dimensional setting. Horizontal, intra-site spatial

analysis generally involves the analysis of a single, defined cultural level (Whallon 1973,

1974; Simek 1984b;Hietala 1984; Carr 1987). The results are used to interpret the

organization of space within a particular site, based on concentrations of various artefacts

throughout the defined level. While these analyses can reveal important information

concerning social and behavioural organization, they cannot consider the vertical

distribution of materials and therefore must rely on adequate definition of archaeological

levels. Within Palaeolithic archaeology, the consideration of horizontal and vertical

stratigraphy is extremely important, as sites are often palimpsests of materials, or

accumulations of individual occupations appearing as one single occupation. In these

situations, the interpretation of spatial organization and behaviour patterning is dependent

upon the differentiation of individual deposits (Spikins et aL.2002:1236). Therefore, it

seems logical to develop a method of spatial analysis that can incorporate three

dimensions of variability.

Within an archaeological context, stratigraphy may be clearly defined, facilitating

the identification of distinct, cultural deposits. However, when the stratigraphy is

complex, it may be difücult to identily individual levels and to determine the true



relationship between artefacts. Spikins et aI. (2002: 1236) suggest that the three-

dimensional analysis of artefact distributions can potentially improve the interpretation of

site stratigraphy, especially when it is difficult to distinguish individual levels. While

horizontal intra-site spatial analysis has produced successful results, investigations of

vertical distributions have been neglected, despite obvious benefits. Therefore future

applications of spatial analysis within archaeology need to develop an appropriate

methodology for three-dimensional analysis in situations where the identification of

individual cultural layers is not visibly distinct.

1.3.1 - K-means Cluster Analvsis

The K-means cluster analysis is a quantitative approach that classifies points into

a specified number of clusters according to their distance from a cluster centre, or cluster

mean. This method of cluster analysis has been applied in the horizontal investigation of

archaeological distributions (Simek 1984a;Rigaud and Simek 1991; Gregg et al. l99l;

Vaquero 1999); however, it also holds potential for three-dimensional analysis (Koetje

1989; Belcher and Paradis 1992). The program computes point assignments through a

series of iterations, until reassigning points and re-computing cluster means (based on

overall points in a cluster) produces no changes. Once completed, the most appropriate

classifications are determined and the results are displayed (SPSS: 1999). K-means can

be run using both two and three-dimensional coordinates. To run k-means in three

dimensions, it is necessary to transform the third dimension in order to avoid equal

variance assumptions (see chapter 2 for a detailed discussion). Several transformations

can be easily applied to the Z coordinate scale resulting in the creation of meaningful



clusters in three-dimensional space. The available transformations and the results of their

application will be discussed in detail within chapters 5 and 6.

One of the benefits of the k-means cluster analysis is the option to save the cluster

membership of each point in a dataset as a column in the original database. By saving the

cluster membership, the database can be queried by cluster, making it possible to

examine the attributes of points within each cluster, including the location and frequency

of individual artefact types. One of the drawbacks of the program concerns the

visualization of three-dimensional clusters, as the program can only display the horizontal

distribution of clusters. While this is potentially limiting for an interpretation of the

vertical distribution, the ability to save cluster memberships permits the researcher to

export the results of the k-means cluster analysis. An alternative program, such as

Geographical Information Systems (GIS), which offers superior graphic and analytical

capabilities, can then be employed for the three-dimensional visualization and

interpretation of clusters.

I.3.2 - Geographical fnformation Systems in Archaeology

Geographical Information Systems (GIS) have only recently been introduced in

archaeology and have largely been used to visualize archaeological data. Despite limited

application, GIS have become a valuable tool for analysis. Cultural resource managers

and archaeologists have taken advantage of the flexibility and capability of GIS and as a

result, the majority of analytical applications in archaeology have focused on predictive

modelling (Green 1990: 5). Through predictive modelling, it is possible to predict the



location of sites through the study of known sites, based on the premise that similar types

of archaeological sites should be located in similar types of environments.

More recently, GIS has been applied to archaeological spatial analysis for both

regional and intra-site studies. At the intra-site level, the application of GIS allows

researchers to study individual settlement strata, with the inclusion of attribute data, such

as environmental and cultural features (Csaki et al. 1995:85). The ability to incorporate

this information into any aspect of the analysis demonstrates considerable strength over

traditional methods of pattern recognition. An additional benefit for the analysis of intra-

site spatial patterning involves the three-dimensional graphical capabilities of GIS, which

are well suited to the spatial properties of archaeological data.

While it will focus specifically on the Middle Palaeolithic, the results of this study

should prove applicable to a variety of archaeological sites and to rock shelter sites in

particular. Knowledge regarding the behaviour of prehistoric hunter-gatherer populations

is based upon the interpretation of archaeological materials and their associations in

space. Therefore, the improvement of analytical methods will lead to the development of

more complete and meaningful investigations. This research will also allow for the

evaluation of GIS as a potential three-dimensional tool for the analysis of archaeological

materials, with particular focus on intra-site spatial analysis. The comparison of

quantified and visually assessed cultural layers will demonstrate the effectiveness of

using statistical clustering methods in situations where stratigraphy is complex and visual

identifications are difficult. Potentially, it vvill also demonstrate the limitations of both

visual and quantitative methods in spatial archaeology.



Most importantly, this research aims to develop an innovative method of analysis

for the interpretation of palimpsest levels, which are present in the majority of

Palaeolithic deposits. Given the difficulty in dealing with palimpsests, this research will

provide a greater understanding of site formation processes as well as an assessment of

the utility of vertical cluster analysis. The identification ofwithin-level palimpsests will

contribute to a better understanding of the types of activities and occupations at Karabi

Tamchin.

1.4 - Thesis Organizatton

This thesis will begin with a detailed discussion of the development of spatial

analysis within archaeology, including an investigation of the potential utility of

Geographic Information Systems for archaeological investigations. Chapter two will

provide an overview of spatial studies within archaeology, with particular focus on

Palaeolithic applications. Following this discussion, a series of spatial analytical methods

are evaluated. K-means cluster analysis emerges as the most appropriate method for the

present dataset.

Within chapter three, Geographic Information Systems (GIS) are introduced, with

a detailed description of the concept of GIS, including the potential advantages and

disadvantages associated with archaeological applications. This chapter will also provide

an evaluation of the use of GIS for three-dimensional spatial analysis. It is determined

that current GIS are limited for analysis in three dimensions; however, their graphical

capabilities can be combined with quantitative methods for the interpretation of spatial

distributions.



' Chapter four provides a description of the dataset. The Middle Palaeolithic rock

shelter site of Karabi Tamchin (Crimea, Ukraine) is introduced, outlining the

characteristics of the dataset and the importance of this site to the development of

regional Palaeolithic settlement patterns. The chapter concludes with an outline of the

potential problems to be addressed in the analysis.

The methodological framework for this thesis is presented in chapter five.

Specifically, the development of an appropriate three-dimensional digital dataset is

discussed, followed by an outline of the methods employed for three-dimensional cluster

analysis and the statistical evaluation of cluster contents. The results ofthese methods are

presented in chapter six and are used to identify significant clustering solutions for

fu rther interpretation.

Chapter seven provides an analysis and interpretation of the results from chapter

six. The spatial patterning of statistically significant cluster solutions is evaluated for the

identification of horìzontal artefact distributions as a possible indication of the

differential use of space at Karabi Tamchin. In addition, the vertical distribution of

clusters is examined for the identification of intralevel palimpsests. These interpretations

are then discussed in relation to Palaeolithic archaeology, with specific focus on the

characteristics of Neanderthal occupations.

Chapter eight concludes with an evaluation of the methods employed in this

thesis, with particular focus on their suitability for three-dimensional spatial analysis. The

potential limitations associated with this research are discussed, followed by

recommendations for the improvement of current and future spatial studies within

archaeology.



2.L -Introduction

Today, everyday activities are associated with specific living areas, generating a

blueprint of the way individuals function within a defined space. Similar patterns can be

observed in the distributions of archaeological materials within a defined occupational

space, allowing researchers to identify particular patterns in the behavioural

characteristics of prehistoric populations. These activities are structured by important

factors, including socio-economic composition of the group occupying the site, length

and intensity of occupation and the relationship of tasks performed at the site to the

subsistence system @inford 1977:9;Ferring 7984: 118). Therefore, the analysis and

interpretation of artefact distributions is a vital part of any archaeological investigation

(particularly in prehistoric settings), as this information provides important evidence

about behaviour.

While the importance of spatial analysis is appreciated in archaeology, in the

context of this study it is necessary to develop a clear understanding of the methods

available, with a careful consideration of their advantages and limitations. It is also

necessary to select a method of analysis that is well suited to the characteristics of the site

and artefact distribution under investigation. Far too often in the past, the data have been

forced to conform to the method. This chapter will provide a discussion of spatial

analysis tools within archaeology, including a detailed evaluation of potential methods. In

consideration ofthe goals ofthis research and the characteristics ofthe available dataset,

- Chapter Two -
Spatial Analysis in Archaeology
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K-means cluster analysis is chosen as an appropriate method for the three-dimensional

analysis of artefact distributions at Karabi Tamchin.

2.2 -What is Spatial Analysis?

The importance of spatial information in archaeology is demonstrated by the

results generated by the creation of detailed maps and plans, and the precision with which

the three-dimensional coordinates of artefacts and features are recorded at an

archaeological site (Clarke 1977 6). Spatial archaeology can be defined as:

"...the retrieval of information from archaeological spatial relationships and the
study of the spatial consequences of former hominid activity patterns within and
between features and structures and their articulation within sites, site systems and
their environment" (Clarke 1979. 460).

Through the analysis of the unique spatial patterning of materials, it is possible to identify

and interpret behavioural activities within an archaeological context. This information

can influence the development and understanding of prehistoric populations at various

levels of resolution, from the study of individual sites to regional interpretation.

The initial development of spatial analysis within archaeology focused on the

characterization of global patterning within archaeological sites, using such methods as

nearest neighbour (Whallon 1973), variance/mean ratio @acey 1973) and dimensional

analysis of variance (Whallon 1974). Other methods that have been developed in recent

years, though not as widely used, include: ring and sector method (Stapart 1989; 1990),

Hodder and Okell's A analysis (Hodder and Okell 1978),local density analysis (Johnson

1984; Graham 1980), factor analysis (Cowgill 1968), Fisher's exact test (Spurling and

Hayden 1984), permutation procedure (Berry et al. 1984), Fourier methods (Carr 1987)

and k-means cluster analysis (Kintigh and Ammerman 1982). Only dimensional analysis
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of variance, nearest neighbour and k-means will be discussed here, as they demonstrate

potential applicability for the goals ofthis research. In recent years, there has been a

general expansion of archaeological applications of spatial studies, which have

demonstrated the importance of site formation processes and context, such as geological

processes, site topography and non-human occupations (Rigaud and Simek 1991: 200).

Evidence from ethnographic investigations has also been incorporated into spatial studies

(Schiffer 1972;Binford 1978; Spurling and Hayden 198a); these studies suggest that

individual activities are spatially distinct and therefore, tools used to perform specific

activities should demonstrate unique spatial patterning @igaud and Simek 1991:200).

Prior to the development and application of sophisticated statistical methodology,

archaeologists relied on the visual interpretation of artefact distributions for the

identification of spatial patterning (to a certain extent that is still true today). During

excavation, archaeological layers are generally defined visually, in a manner that cannot

always be replicated, as interpretation relies on a subjective visualization of the dataset

based on the researcher's inclinations and intuitions (Kintigh and Ammerman 1982:33;

Simek and Larick 1983: 166 Koetje 1992: I77;). Limitations, including the time of day

and the direction or intensity of sunlight, can affect the record (photography, drawing) of

a stratigraphic profile, making accurate representation difücult. When the stratigraphy is

complex and level boundaries are unclear, profiles should be regarded as subjective

interpretations only. Moreover, visualization provides an effective tool for identifting

obvious clusters of artefacts; however, statistics can indicate relationships that may not be

apparent for a given dataset.
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A growing interest in spatial analysis in archaeology has lead to the development

of quantitative methods for pattern recognition that offer an objective, statistically based

scientific methodology (Whallon 1973:266). Quantitative methods are more reliable and

replicable than visual interpretation @erry et aI. 1980: 55; Koetje 1992: 177-8); they

limit the effects of observer bias, as the analysis is based completely on relationships in

the data. This is especially true in situations where large artefact distributions may be

patterned in ways that are not readily identifiable to the naked eye.

2.2.1, - fntra-Site Spatial Analysis

Spatial patterning can be investigated at a regional (inter-site) or intra-site level of

analysis, depending on the available data and the types of questions being asked. Intra-

site spatial analysis operates on two levels: the inferential level, which concerns the

reconstruction and explanation of behaviours and activities (which are non-observable),

and the operational level, which derives relationships between archaeological materials

(Can 1984). The operational level of analysis consists of three steps. First, the

distribution of artefacts is analysed to determine how they are arranged (whether they are

randomly scattered, aggregated as clusters or spatially aligned). Once the distribution

pattern has been defined, the spatial limits and areas of concentration are determined for

each artefact type. The dataset is then used to evaluate whether different artefact types

demonstrate similar arangements throughout the site. Finally, significant relationships

between artefacts are identified (Whallon 1973:266-7; Can 1984: 106-7). The inferential

level of analysis allows the archaeologist to reconstruct different activities, their

frequency and spatial orgaruzation. From these activities, information regarding

13



seasonality, population and group composition, site function, kinship, social orgaruzation

and many additional behavioural and environmental traits is inferred (Carr 1984: 106). It

is through such reconstructions that archaeologists are able to develop an understanding

of past behaviours, moving beyond the basic analysis of artefacts.

2.2.2 - Three-Dimensional Spatial Analysis

Operationally, spatial analysis has generally been restricted to the analysis of the

horizontal distribution of artefacts within levels (Whallon 1973,1974; Simek and Larick

1983; Simek 1984b;Fering 1984;Keeley l99l; Stapart and Street 1997; Vaquero 1999).

This is unfortunate, considering that most archaeological excavations include the

painstaking recovery and recording of materials in three dimensions. The consideration of

archaeological sites as occupying three dimensions is extremely important for three basic

reasons. First, every archaeological site should be considered as a series of deposits laid

down on a pre-existing topographic surface, which provides some level of vertical relief

affecting the distribution of archaeological materials. Second, archaeological materials

are usually deposited along with natural or anthropogenic (cultural) sediments, which can

pattern their distribution. Sites will build up different layers of both cultural and

sedimentary deposits over time, through an accretionary process. Finally, post-

depositional processes can affect the distribution of archaeological materials, both

horizontally and vertically (Koetje 1992 T77). The horizontal distribution of materials is

important in terms of hominid spatial behaviour, however Vertical distributions should

also be examined as they provide unique information regarding site formation processes

as well as post-depositional disturbance.

L4



accumulations of debris from multiple superimposed occupations, have often been

avoided in spatial studies in favour of more pristine sites, due to the difficulties

associated with identifting individual occupation phases (Villa 1982:278; Koetje 1990:

257). While palimpsests are very difficult to interpret, three-dimensional spatial analysis

can be applied to these sites to help identify distinct occupation phases.

Once cultural deposits are identified, it is possible to develop a relative

chronostratigraphic sequence and to compare the units (Villa and Courtin 1983:268).

Traditionally, this is done by creating a stratigraphic profile. In some situations,

separations between natural and cultural layers are distinct, facilitating the classification

of materials. fn contrast, relatively diffirse or un-patterned vertical deposits of materials

also often require the defÏnition of arbitrary levels. A more reliable, quantitative approach

is required for the identification of cultural deposits based on both the horizontal and

vertical distribution of cultural data. This would allow researchers to refrne the definition

of stratigraphic layers and identi$r vertical distinctions within poorly stratigraphically

defined deposits.

Part of the problem regarding the application of spatial analytic techniques in

archaeology is a frequent lack of fit between the sample and the method. In many

situations, ". . . our methods have been allowed to dictate our questions rather than the

other way around," (Kintigh 1990: 197). This can have a serious effect on the integrity of

the results, throwing into question the validity of the resulting interpretations. Many of

the spatial analytical methods used in archaeology were borrowed from other disciplines

including mathematical ecology, economics, geography, architecture and ethnology

Palaeolithic sites that have been identified as palimpsest deposits, or

15



(Clarke 1979: 453; Carr 1987:236). Despite their apparent applicability, methods such as

dimensional analysis of variance (Whallon 1973) and nearest neighbour analysis (Clark

and Evans 1954; Whallon 1974) were applied to archaeological datasets without critical

evaluation, resulting in methodological and theoretical problems, as underlying principles

and statistical assumptions were generally inappropriate for archaeological data (Vierra

and Taylor 1977:317; Blankholm 1991: 40). Therefore, it is necessary to develop a clear

understanding of the quantitative methods available, including their suitability in

association with the available dataset and the intended purpose of the analysis.

2.3 - P alaeolithic Spatial Organization

Palaeolithic archaeology involves the excavation of open-air sites and cave or

rock shelter sites. Erosional processes, including fluvial movement and drainage, or the

deep burial of sites due to geomorphological processes, has led to the inevitable

destruction or concealment of numerous open-air deposits (Straus 1979:332). As a result,

Palaeolithic research has come to depend on the excavation of cave and rock shelter sites,

which are more easily located and offer conditions that are more amenable to

preservation. Palaeolithic cave and rock shelter deposits have the potential to reveal

behavioural information about the prehistoric hunting and gathering groups that occupied

them. Despite their potential importance, quantitative spatial studies are rarely conducted

in Palaeolithic archaeology, as few sites have been excavated under suitable conditions

for the collection and recording of spatial data. As a result, these spatial studies have only

made a limited contribution to our understanding of prehistoric spatial behaviour (Mellars

1996:269; Galanidou 2000: Z43;Yaquero and Pasto 2001: 1209).
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The investigation of spatial patterning within Middle Palaeolithic occupations has

resulted in a debate as to the behaviour of Neanderthal populations (Mellars 1996;

Binford 1996; Pettitt 1997; Vaquero 1999; Vaquero and Pasto 2001). One of the primary

goals of Palaeolithic archaeology has been the identification and understanding of past

behaviour, including differences between ancient hominids and modern humans.

Suggested differences in the cognitive capabilities ofNeanderthals have led some

researchers to argue that lithic technology, symbolic expression and the organization of

space should be relatively simple when compared to the complexity ofUpper Palaeolithic

occupations. Therefore, the analysis of the use of space is key to understanding these

differences and appreciating the cognitive capabilities ofNeanderthal populations

(Vaquero 1999 493; Vaquero and Pasto 20011209).

Social organization among anatomically modern humans revealed through

ethnoarchaeological evidence, is reflected in the spatial anangement of living/working

areas; an apparent absence of such organization within ancient hominid populations is

used to suggest a more basic level of spatial behaviour @inford 1996 234). Pettitt

(1997) also suggests that the spatial organtzation ofcave and rock shelter sites occupied

by hominids is very basic and can be compared to that of non-human carnivores. The

occupation of cave and rock shelter sites by non-human carnivores creates a distribution

of materials with higher concentrations of faunal debris in specific areas of the site. In

addition, carnivores will use certain areas for defecation and carcass processing, while

others will be reserved for sleeping (Pettitt 1997:2I8). Pettitt compares these

characteristics to current interpretations (such as Binford's) ofNeanderthal spatial

patterning, to suggest that the use of space by carnivores and hominids is quite similar:
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i.e., there is a segregation of living and processing/refuse areas, while animal processing

and associated activities are carried out away from the sleeping area @ettitt 1997:218).

In an investigation of spatial patterning at the Middle Palaeolithic rock shelter of

Abric Romani (Capellades, Spain), Vaquero and Pasto (2001) have demonstrated that

hearth'related accumulations are similar to patterns identified in Upper Palaeolithic sites.

This provides direct evidence that prehistoric hominids were orgatnzing space, contrary

to Binford's (1996) and Pettitt's (1997) interpretations. The spatial distribution ofMiddle

Palaeolithic deposits ". . . change according to specific factors, such as group size,

occupation length and kind of activity" (Vaquero 1999: 503); therefore, it is necessary to

develop a complete understanding of spatial characteristics before it is possible to

interpret behavioural patterning. Vaquero and Pasto (2001: 1219) argue that comparisons

between hominid and non-human carnivore use of space do not consider the spatial

signifìcance of hearth-related assemblages, which demonstrate differential use of space

unlike that observed in non-human carnivore occupations. The performance of activities

around a hearth by hominids would likely result in closer similarities with modern human

patterns (based on ethnoarchaeological evidence) than that of non-human carnivores. A

comparison between the spatial organization ofNeanderthal and non-human carnivores

may be premature, as current interpretations ofNeanderthal populations are based on a

relatively limited collection of sites, with varying degrees of preservation and available

spatial information.

Mellars (1996) has also suggested that the spatial patterning of Middle

Palaeolithic sites demonstrates organization that reflects pragmatic responses to the

environment rather than cognitive or social complexity. While there are patterns in the
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distribution of archaeological materials in Middle Palaeolithic sites, it is unclear whether

they can be attributed to complex behavioural patterning. At a very basic level, spatial

patterning could be interpreted as a natural response "...to the simple functional

requirements and constraints involved in the orgaruzation of various economic,

technological and social activities within specific, restricted areas" (Mellars 1996: 311).

According to Mellars the location of activities in close proximity to a hearth would only

demonstrate a desire to be warm or comfortable while working. Vaquero (1999: 503)

argues that the very nature of human behaviour past and present is based on pragmatic

responses and therefore, this is not an appropriate interpretation of Middle Palaeolithic

spatial patterning. Neanderthals may have demonstrated a very basic level of spatial

organization @inford 1996; Pettitt 1997;Mellars 1996); however, adaptations to a

constrained environment such as a cave or rock shelter setting would require alterations

to the existing topography or differential orgaruzation of space (Mellars 1996:269; Pettitt

1997 : 219; Galanidou 2000 27 0).

2.3.1 - Factors of Disturbance

The arguments discussed above provide contrasting interpretations of the meaning

of spatial patterning in terms of hominid behaviour, however it is equally important to

consider the nature of Middle Palaeolithic deposits and the Palaeolithic record in general.

Middle Palaeolithic cave and rock shelters \ryere used as both long-terrn occupation sites

as well as seasonal and temporary shelters, depending on the context. From an

archaeologist's perspective, differences in occupation lengths may be difficult to

distinguish, as the restricted setting of a cave or rock shelter can inhibit the spatial
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differentiation of individual occupations (Straus 1979:333). In a given amount of time,

any number of individuals could have occupied a cave or rock shelter. Therefore, alarge

group could have occupied a site for a short period, or smaller groups could have

occupied a site for a long period, resulting in similar artefact frequencies and distribution.

Within archaeology, it is commonly understood that most Middle Palaeolithic

sites can be reconstructed as palimpsests (Straus 1979:334;Fanzy 1994: 753;Mellars

1996:269; Pettitt 1997:2I9; Galanidou 2000: 243). These layers appear as one

continuous occupation; however, they may contain any number of temporal or ephemeral

occupations. Straus (L979:334) suggests that they may be the result "... of repeated

occupations of the same spot either during a short period of time or during a period of

very slow sedimentation." Only through careful, strategic excavation and analysis is it

possible to accurately identify and interpret the depositional events associated with

palimpsests. Gven the presence of a palimpsest, it may not be possible to tease out the

effects of context (topography of the site) from cultural behaviour or to interpret the

nature of the occupation(s) (base camp, short-term occupation, kill site), as these may

have differed over time, producing a mixed signature.

The interpretation of spatial patterning in an archaeological setting must also

consider the possibility that the original deposition and characteristics of artefact

distributions have been obscured by post-depositional factors including non-human

scavenging (Marean and Bertino 1994) and down slope or vertical displacement (Rick

1976; Villa 1982; Rowlett and Robbins 1982; Villa and Courtin 1983). Kroll and Price

(1991: T97) argue that it is necessary to avoid the simplistic assumption that spatial

patterning is the direct result of human activities. Cave and rock shelter sites offer
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adequate habitation sites for non-human carnivores, such as hyena and cave bear. The

presence of these animals can have an impact on the distribution of archaeological

deposits, first by the consumption and displacement of faunal materials and secondly,

through the accumulation of new materials, which is dependent on the length of

occupation (Marean and Bertino : 1994 751). This can result in a mixture of deposits

from human and non-human activities. Marean and Bertino (1994:751) argue that this

can be especially problematic in situations where the cave or shelter was used as a

seasonal habitation site, with periods of disuse. Human and non-human deposits cannot

always be distinguished, however it is possible to identify the presence of carnivores on

faunal material (gnawing, teeth and puncture marks), thereby providing evidence to assist

spatial interpretations.

The vertical movement of artefacts due to depositional and post-depositional

disturbances can obscure spatial patterns, further confusing level distinctions.

Archaeological sites will often suffer the effects of animal burrowing, tree root damage,

periods of erosion, the displacement of soil resulting from digging or levelling and the

effects of trampling (Villa and Courtin L983 27I-72). These events can occur at

differential rates, with varying degrees of disturbance.

Within Palaeolithic occupations, the accumulation of artefacts on a living floor

provides the only existing cultural evidence for the use of space, as there is a general

absence of structural remains (Rick I976: I33). In periods of abandonment, natural

sediments from the exfoliation of roof and wall materials will accumulate on the living

floor as large boulders and gravel, called eboulis (Rowlett and Robbins 1982: 73; Koetje

1993: 115). Sterile accumulations of eboulis may separate occupational levels, resulting
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in a sequence of well-stratified layers. While these types of deposit provide clear, distinct

stratigraphic profiles, cultural levels lying superimposed between layers of eboulis still

need to be distinguished from one another. This is not always possible when post-

depositional processes have resulted in the vertical or horizontal movement of artefacts,

even when there is no visible evidence of disturbance within the stratigraphic profile

(Villa 1982:278). Villa and Courtin (1983) have also studied the effects of vertical

displacement resulting from trampling within cave sites. The results of this experiment

have demonstrated that normal activities within a site could result in the admixture of

individual deposits, especially in situations where the accumulation of sediments occurs

at a very slow rate (Speth and Johnson 1976: 47-8;Yilla and Courtin 1983: 279).

Therefore, continuous occupation by hominids or non-human carnivores could potentially

result in greater levels of vertical and/or horizontal displacement and disturbance within

cave and rock shelter sites.

2.4 -Methods of Spatial Analysis

The 1970s marked the beginning of a period of assessment and advancement of

spatial analysis in archaeology, leading to the theoretical and methodological

development of techniques frrst borrowed from ecology in the 1950s. The first methods

applied to spatial analysis in archaeological investigations included the Dimensional

Analysis of Variance (Whallon 1973) and Nearest Neighbour Analysis (Whallon 1974),

(discussed in detail, below). Both of these methods are based on quantitative tests

involving data counts or coordinate data @jindjian 1988: 96;Blankholm 1991: 40). The

evaluation and development of spatial analysis developed in two major directions. The
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first involved the evaluation of formation processes and the archaeological pattern, while

the second was concerned with the continued growth of new and more appropriate

methodologies (Blankholm 1991: 41). Implicit assumptions in models such as

Dimensional Analysis of Variance and Nearest Neighbour defined activity areas as

relatively uniform in their density, shape, size and composition regardless of the type of

site, or cultural afüliation (Blankholm 1991: 41). This is obviously an inappropriate

assumption for archaeological investigations, given the known degree of variability

between and within individual sites.

In recent years, traditional methods of spatial analysis have been modified

through methodological refinement, enabling archaeologists to use methods that are

suitable for the investigation of a specific problem or type of site (Whallon 1973; Speth

and Johnson 1976; Hietala and Stevens 1977; Pinder et al. 1979). For example, the k-

means cluster analysis provides a middle ground between the subjectivity ofvisual

interpretation and the inappropriate and often limiting assumptions associated with

quantitative methods (Ammerman et al. L983:211). The procedure is relatively well

understood and accessible (see discussion below). K-means analysis also relieves some of

the difiïculties identifïed with traditional quantitative analysis, including the boundary

problems associated with nearest neighbour analysis and the definition and placement of

an appropriate grid for quadrat approaches such as the dimensional analysis of variance

(Kintigh and Ammerman 1982: 61). Subsequent improvements in the application and

utility of methods have also resulted in a variety of methods available for spatial analysis

within archaeology depending on the requirements of the researcher (see Hodder and

Orton 7976,1982; Carr 1984; Kintigh 1990; and Wandsnider 1996 for a full discussion).
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The selection of an appropriate method for intra-site spatial analysis must

consider the advantages and disadvantages associated with the method, as well as the

nature of dataset or site under investigation. This research is aimed at examining spatial

patterning of artefacts within four archaeologically defined levels at Karabi Tamchin as

well as verifying the integrity of levels identified using traditional methods in the field.

The location and artefact contents of clusters identified within each level will be

examined horizontally for the identification of potential activity areas. Clusters will also

be examined vertically in three dimensions for the interpretation of site formation

processes, including the possible identification of within-level palimpsests. The selection

of an appropriate method must consider these requirements, while providing an analysis

that is replicable and capable of adequately analyzing artefact distributions in three

dimensions. Furthermore, the method must identify clusters within the distribution,

including the individual artefact memberships (including the type of artefact) and

location of artefacts within each cluster distribution. While this research focuses on the

analysis of a Middle Palaeolithic rock shelter site, the selected method of analysis must

demonstrate utility across a wide range of archaeological contexts. This is imperative, as

the identification of an appropriate method of th¡ee-dimensional analysis in archaeology

is one of the primary goals of this research.

2.4.1 - Dimensional Analvsis of Variance

Grid-based methods compare raw frequency counts from individual squares with

the expected frequency distribution of a random sample of data, to determine how the

sample compares with a random distribution (Orton 1982: 8). It does not require the user
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to identify the point provenience for each artefact in the distribution, providing a general

analysis of artefact concentrations. One of the main benefits of grid-based or quadrat

methods is that archaeological information is often collected in a similar fashion.

Excavations may recover the relative counts of archaeological materials per unit without

identiffing the exact three-dimensional location of each artefact (tlodder and Orton 1976:

36). In these situations, a quadrat analysis will provide a suitable analysis for the

available dataset; however in situations where the exact coordinates are known. a more

complex locational analysis may be more appropriate.

The Poisson method is a quadrat method that can be used to determine the relative

spatial characteristics of a distribution. It is based on the understanding that the placement

of a grid of equal quadrats over a random distribution of objects will generate a grid cell

count, which approximates a Poisson distribution for the expected distribution (flodder

and Orton 1976:33-34; Carr 1984: 140). As a result, it is possible to utilize the ratio of

variance to the mean to determine the relative spatial characteristics of the sample. A

Poisson, or random distribution has a variance: mean ratio of 1, while a clustered

distribution will generate a value greater than 1 and an aligned distribution will be lower

than 1 (Flodder and Orton 1976: 34). Therefore, it is possible to compare the observed

frequency of a given sample with the expected frequency to determine relative spatial

characteristics.

The Dimensional Analysis of Variance (DAV) is another more common grid-

based method. Whallon (1973) originally introduced the DAV method to archaeology

however, applications have generally been limited to investigations designed to test the

technique (Carr 1984 145). This method eliminates some ofthe problems associated
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with the Poisson method; it works by assessing the distribution of archaeological

materials through the application of various grid systems of different size and shape, to

identift which grid system displays the most signifrcant aftefaú clustering. Whatever

grid is selected becomes a representation of a meaningful distribution, âs ". . . counts of

artefacts within its grid cells are taken to approximate counts of artefacts within

behaviourally significant clusters, rather than within arbitrarily size grid units," (Can

1984 145).

While the application of various grid sizes determines the most appropriate

arrangement for a given dataset, the use of grid generally influences the area of the

distribution considered in the analysis. Within the DAV method, a grid must represent a

square or rectangular shape (where length can only be twice as long as the width)

(Whallon 1973:267). This obviously places considerable constraints on the dataset,

especially in an archaeological context, where sites may have been deposited in naturally

confined areas such as caves or rock shelters, creating a unique distribution that may not

be adequately represented by a square or rectangle. Whallon (1973: 268) suggests that the

use of "dummy units" can fill in empty grid cells, or an entire distribution can be

analyzed as distinct sub-sections. Each of these procedures can minimizethe problems

associated with a square or rectangular grid; however, they can also influence the results

of the analysis. Artefact clusters are generally obscured by the use of square units and the

analysis of sub-sections will require the researcher to determine meaningful subsections

for investigation, which may crosscut artefact distributions, or may further obscure

spatial patterning, which is not visibly distinct.
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While the DAV method places restrictions on the size and shape of datasets that

can be analyzed, it is replicable and allows researchers to identifr clustering within the

distributions, including the location and artefact memberships of individual clusters as

defined by the grid (Whallon 1973:268). Unfortunately, this method is not suitable for

sites with unique spatial constraints, such as Palaeolithic cave and rock shelter sites. The

use of arbitrary grid cells, or the subdivision of materials into distributions that fit into a

square or rectangle shaped analysis, can minimize or completely erase spatial evidence

associated with this type of setting.

This thesis examines the spatial distribution of artefacts within a spatially

confined setting. Therefore, the use ofa square or rectangular grid is not an appropriate

method of analysis based on the arguments presented above. The DAV method does not

require the use of point provenience information as it relies completely on the frequency

counts of artefacts within each grid square. This provides the most convincing evidence

that a grid-count method is not suitable for the intended goals of this research, as a third

dimension is irelevant within this method of analvsis.

2.4.2 - Nearest Neighbour Analysis

Nearest neighbour analysis was originally developed for the analysis of

population distributions in ecology (Clark and Evans 1954) however, this type of analysis

has also been used in archaeology for the study patterning within distributions of

archaeological materials (Whallon 1974;Pinder et al. I979;McNutt 1981;Durand and

Pippin 1992). Nearest neighbour analysis is designed to interpret spatial relationships

between distributions of objects (i.e., artefacts) to create an overall description of the
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spatial characteristics of the sample. This procedure is identified as a method of point

pattern analysis, which is defined as "...those, which give information of the scale and

structure of non-randomness or association in spatial distributions" (Graham 1980: 107).

The method interprets the distribution based on the calculated distance between points to

determine whether the distribution is random (equal distance between points) or

concentrated (clustered groups of points).

The nearest neighbour statistic "...is derived from the observation that given a

random distribution of points in space, the expected mean nearest distance is a function

of density'' @urand and Pippin T992:264). Specifically, the statistic is a ratio of the

mean distances for all points and their nearest neighbour, divided by the mean distance

that would be representative of a random distribution of the same sample (Graham 1980:

107; Kintigh 1990: 167). This coefücient is used to determine the degree of variability

between a random sample and the actual distribution. If the sample represents a random

distribution, where points are independent of one another, the resulting value will be

close to 1.0. A clustered (non-random) distribution will result in values less than 1.0.

Finally, if the sample is evenly distributed and does not demonstrate a random or

clustered distribution, the nearest neighbour value will be greater than 1.0 (Graham 1980:

108; Kintigh 1990: 167).

Nearest neighbour analysis offers an easy, quantitative method for charactenzing

a distribution of points; however, there are several problems associated with the

procedure. Most importantly, applications of the nearest neighbour method have

identified a boundary effect @inder et al. 1979; Whallon 1974; McNutt 1981; Kintigh

1990). Within an archaeological context, the exact boundary of the site may not be
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known. Therefore defining a suitable areafor the analysis can have considerable

influence on the resulting nearest neighbour coefficients. Kintigh (1990: 168) argues that

the boundary of a site may include the entire excavated area, or it may be defined by the

distribution of materials, excluding those areas from which no materials were recovered.

While both solutions seem like logical boundary definitions, the resulting nearest

neighbour coefficients are substantively different. Carr (1984: 157) refers to this

difüculty as a framing problem, where the size of the area under consideration can

infl uence the resulting spatial interpretations.

An additional boundary problem concerns the nature ofthe observed dataset

versus the expected dataset. Within the observed dataset, nearest neighbour averages are

calculated within a defìned study region, while any points located outside of the region

are removed from analysis. As a result, the distance of points on either side of the

boundary are not considered in the analysis. Therefore, a nearest neighbour distance will

be calculated between points within the study region, regardless whether points on the

edges are at a greater distance away (Pinder et al. 1979 431; Carr 1984: 157-158). This

can affect the overall nearest neighbour coefücient, by increasing the average observed

distance.

The definition of boundaries for the application of nearest neighbour is

problematic; furthermore, researchers need to consider the cultural and temporal context

when dealing with archaeological data. Nearest neighbour uses the location of individual

points within a distribution to identify spatial patterns. Unfortunately, nearest neighbour

analyzes the data independently of contextual information, such as the environmental

setting, culture or types of materials under investigation (Kintigh and Ammerman 1982:
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32). Contextual information is the means archaeologists have to develop a foundation for

the interpretation of behaviour based on spatial patterning.

Nearest neighbour analysis only provides a very basic interpretation of the spatial

patterning within a distribution, which requires further examination to provide a

meaningful analysis of complex spatial relationships within the data @inder et al. 1979:

443; Carr 1984: 160). While nearest neighbour analysis is used to establish an overall

interpretation of spatial patterning within a particular study area, it cannot be used to

examine differential degrees of clustering. The distribution of a specific artefact type may

exhibit significant clustering in one section of the site, with a more random distribution

throughout the rest of the site; however, the nearest neighbour analysis will average the

distribution. Carr (1984: 160) argues that this method is less informative for intra-site

spatial analysis than other available methods as it is only evaluates the relative density of

artefact clustering and does not identify specific clusters within the dataset.

Archaeologists have the additional problem of establishing the temporal

relationships in their data. Within point pattern analyses, a distribution of archaeological

materials will be interpreted as a contemporary deposit and cannot consider potential

differences in temporal space (Orton 1982 2).In order to apply nearest neighbour

analysis, Pinder et al. (1979:442) argue that researchers need to determine "...the degree

of precision or contemporaneity..." within the chosen dataset to ensure that artefacts are

part of the same depositional event. Unfortunately, it can be difücult to establish whether

a group of archaeological materials represents a contemporaneous deposit, especially

when occupation periods are difücult to distinguish and the stratigraphic profile is

complex.
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Several attempts to improve the accuracy and utility of nearest neighbour analysis

have developed methods to correct the boundary problem. Hodder and Orton (1976: 4I-

43) have attempted to minimize the problems associated with points located near the

boundary by adding a series of randomly distributed points with equal density around the

study area. In order to ensure accuracy, this method must be performed several times to

develop an average nearest neighbour coefücient for the distribution. Pinder et al. (1979)

have also attempted to improve nearest neighbour analysis through a modification of the

original formula, which specifically defines the boundary as a square. This places heavy

constraints on the dataset, especially when the distribution is better represented as a

different shape (Carr 1984: 159). As a result, the benefits of minimizing the boundary

effect may be offset by the introduction of new constraints to the dataset. Kintigh (1990:

170) suggest that attempts to minimize the boundary problem are often unsatisfactory and

may require considerable modification to the dataset in order to improve the analysis.

When the advantages and disadvantages of the nearest neighbour method are

compared with the intended goals of this research, it is clear that this type of analysis is

not capable of identifying meaningful clusters of artefacts in archaeologically defined

levels. While nearest neighbour could be used as a replicable method for the

identification of global spatial patterning, this research is focused on the three

dimensional analysis of artefact clusters and the interpretation of contents in terms of

behaviour. In addition, excavations ofKarabi Tamchin did not include the entire

boundary of the original rock shelter, as the front of the shelter has eroded over time. The

eastern part of the site also extends further, however this area was not excavated in order
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to leave a witness profìle. Therefore defïning a meaningful boundary for the

identification of spatial patterning would be extremely difücult.

2.4.3 - K-Means Cluster Analvsis

The increased sophistication of computer technology has provided archaeologists

with "the means to define patterns of distribution, either those obvious to the human eye

or those discerned by a computer using sophisticated quantitative, analytical techniques,"

(Kroll and Price I 99 I : 3 0 1). As a result, current methods are more accurate, efficient and

powerful than traditional methods, with the capability to handle larger, more complex

datasets. The greater application of these methods to archaeological situations and

ethnoarchaeological verification (Kintigh and Ammerman 1982; Spurling and Hayden

L984; Carr 1987) has confirmed their utility.

The k-means analytical technique provides a simple method of cluster analysis,

used when a sample is considered non-homogeneous (non-random). The procedure has

been applied in a number of archaeological situations (Simek 1984b; Riguad and Simek

1991; Gregg et al. 1991; Koetj e 1992; Enloe et el. 1994; Vaquero 1999) and is one of the

most common clustering techniques used in archaeology. K-means is defined as a

heuristic spatial analytical method, which involves a search for patterns in the distribution

of data while at the same time attempting to discover the underlying principles of

orgaruzation creating the patterns. These methods allow researchers to use their

knowledge to interpret quantitative results in a meaningful way, using contextual

characteristics of their distribution (Ammerman et al. 1983:271; Simek et al. 1985:229).
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The k-means cluster analysis is a non-hierarchical statistical method that attempts

to minimize variance within clusters, while maximizing the distance between clusters.

One of the main benefits of a non-hierarchical method is the ability to identifi distinct

patterns at a number of different scales. In addition, the application of k-means cluster

analysis has demonstrated an ability to identify visually distinct spatial patterning while

providing additional quantitative information when obvious patterning cannot be defined

(Kintigh and Ammerman 1982: 38). Despite the obvious advantages of k-means, early

applications tended to create ideal shape and size constraints on the clusters that are

formed. Koetje (1990: 259) states that this is a major disadvantage of non-hierarchical

methods; however, transformations can be applied to the dataset to minimize the effects

of the imposed constraints (see chapter five).

The k-means programme classifies points into a specified number of clusters

according to their distance from a cluster centre, or cluster mean, determined by the mean

X and Y coordinates for all of the points in the sample (Simek and Larick 1983: 168,

Ammerman et al. 1983: 212). The program computes point assignments through a series

of iterations, until reassigning point and re-computing cluster means (based on overall

points in a cluster) produces no changes. At this point, the most appropriate

classifications are determined and the results are displayed. This programme assigns

points to clusters that will minimize the Sum of the Squared Error (SSE), which is

defined as "... the sum of the squared distances between all points in the distribution and

their nearest centroid at a given clustering level" (Simek and Larick 1983: 169, Koetje

1990:259). Once the analysis is complete, the clustering solution (number of clusters)

with the smallest SSE value is considered as the most appropriate for the given sample.

JJ



The SSE is expressed as a percentage of the maximum for each clustering

solution and can be plotted against the number of clusters. The resulting plot is used by

the analyst to identi$r the best number of cluster configurations (IIodson 1970:3111'

Simek and Larick 1983: 169, Ammerman et ol. 1983:212).Inflection points along the

plot indicate lower SSE values and represent better clustering solutions for the sample,

making it possible to identify fine-scale patterning that may not be identified visually.

Unlike quantitative methods such as the Dimensional Analysis of Variance and Nearest

Neighbour (discussed above), the results of k-means analysis are associated with the

original dataset; consequently it is possible to generate a detailed description of

individual clusters, including the cluster memberships of each point within the

distribution (Hodson I970: 318). This allows the researcher to analyze individual clusters

to determine potential relationships between clusters in a given solution, through the

investigation of individual artefact concentrations and the spatial distribution of artefact

types. Kintigh and Ammerman (1982: 43) suggest that researchers have the opportunity

of characterizing each cluster ".. . according to their constituents, the number of points,

the radius of the cluster, and any linear trend in the point distribution." Therefore, k-

means offers substantively greater possibilities regarding the interpretation of quantitative

spatial patterning combined with contextual archaeological information.

While archaeological applications of k-means have produced interesting results

for horizontal distributions, few have considered the importance of a third dimension.

The k-means technique is defined as an equal variance method searching for clusters with

equal variance in all dimensions. The resulting analysis attempts to produce ideal

spherical clusters. This is not always appropriate when considering archaeological levels
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and spatial distribution (Koetje 1992: L78). The inclusion of a third dimension allows

researchers to investigate unique patterning and relationships between levels as well as

within them that is not possible with two-dimensional applications @elcher and Paradis

1992: 108; Koetje 1994: 161).

The analysis of three-dimensional distributions presents a unique problem for

equal variance procedures. Within archaeology, the distribution of the vertical dimension

is generally much smaller than the horizontal (X and Y) distributions. Without

consideration of distribution differences, clusters will be formed with unequal treatment

of all dimensions and greater weight will be assigned to the axis with the greatest

variation (Koetje 1991: 189). Normal spherical clusters may not accurately reflect spatial

distributions on archaeological sites, however. When three dimensions are considered, a

"lenticular, lozenge or highly stretched ovate shape is easily the most coÍrmon, idealized

model of an archaeological level" (Koetje 1990:259). The solution is the imposition of

arbitrary dimensional space that avoids equal variance assumptions. This requires a

conversion of the original, three-dimensional dataset into an appropriate dataset with

equal analytical space in all dimensions.

An object's original coordinates (X, Y and Z) can be replaced on each axis with a

Z-score value. A Z-score value is defined as "...the distance (expressed in standard

deviations) between an observation within a set and the mean of the set," (Koetje 1991:

189). Through this process, an entirely new set ofcoordinates is created for each

observation (artefact) in the sample. The use of the Z-score successfully transforms the

entire distribution into a standard space, where the coordinate means for each axis are

represented as zero (Koetje 1992 179 Koetje 1993: 118). When the k-means analysis is
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performed, these transformations will affect the resulting clusters, producing results that

are appropriate and meaningful.

An additional transformation for the improvement of distributional differences

between vertical and horizontal dimensions is a Z-axs expansion factor. This

transformation places more weight on the Z-axts and can improve the ability to

discriminate between various layers when the vertical distribution is small (Koetje 1990:

267;Koetje 1991: 189). Once the appropriate transformations have been conducted, it is

possible to run the k-means program under the assumptions of an equal variance

procedure. The ability to tailor k-means software for archaeological analysis gives it an

important advantage over other spatial analyses such as DAV and nearest neighbour

analysis. Through the equalization of variance, the program can form clusters that are not

heavily influenced by one dimension over another (Koetje 1990:261;McKelway et aI.

1992: I50). Once clusters are identified using k-means, individual objects can be entered

into a GIS programme using their original coordinates to examine the true distribution of

objects assigned to each cluster (McKelway et al. 1992: 150).

The development of GIS has provided innovative approaches for archaeological

investigations, including the analysis of spatial distributions. The concepts of space and

time are crucial to the understanding of archaeological site formation processes and the

association of artefacts. One of the main benefits of GIS is that they are designed to

utilize spatial data and is well suited to the requirements of space and time analysis.

Many important areas of archaeological research (cultural resource management, regional

and intra-site spatial analysis) can be supported by this technology (Lock and Harris

1996: 216) in ways that are not possible with conventional database programs.
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Unfortunately, current GIS demonstrate limited functional capability for quantitative

analysis (see chapter 3) and are better suited to graphical display. It is possible however,

to combine the results of the k-means analysis with GIS software to produce

comprehensive results for three-dimensional intra-site sp atial analysis.

2.5 - Conclusions

The importance of spatial patterning in archaeological research has resulted in the

use of quantitative, analytical methods. The information thus provided can potentially

provide evidence for the behavioural characteristics of hominid populations, their

cognitive organization and the function of space. Unfortunately, cave and rock shelter

sites can be subjected to a variety of depositional and post-depositional effects, creating a

mixed assemblage that may not be easily interpreted. The problems associated with the

excavation and interpretation of these sites can be resolved through careful development

of the stratigraphic record as well as controlled excavation, including the recognition of

horizontal distributions (Straus 1979 337). In addition, the analysis of spatial patterning

must consider the existing limitations and incorporate them into the interpretation. Most

importantly, cave and rock shelter sites are often palimpsest deposits, where individual

occupational episodes form one large assemblage.

Through the evaluation of current methods, k-means cluster analysis has been

identified as the most suitable application for the goals of this research (see chapter five).

K-means offers a method that is replicable and reliable, with the flexibility to handle

three-dimensional datasets. Through the analysis of three-dimensional cluster

distributions combined with the graphical capabilities of GIS, it may be possible to

identiff the presence of palimpsest deposits, while interpreting the horizontal distribution
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of materials in terms of behavioural patterning within Karabi Tamchin. This research will

provide an opportunity to evaluate the suitability of the k-means method and GIS for the

analysis ofMiddle Palaeolithic occupations, while demonstrating the importance of

three-dimensional analysis within archaeological investigations.
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- Chapter Three -
Geographical Information Systems and Archaeology

3.L - Introduction

As outlined in the previous chapters, the intended goal of this thesis is to develop

an effective and accurate method of interpreting the spatial distribution of archaeological

materials in three dimensions. The development and application of spatial analysis has

become a fundamental component in archaeological research at the regional and intra-site

scales. Unfortunately, many studies are limited by the kinds of information that can be

generated from the dataset. The recent introduction of Geographic Information Systems

(GIS) in geography has effectively changed the role of spatial data and maps through the

introduction of database analysis and cartographic display (Knoerl 1991: 107).

Geographic Information Systems (GIS) are a powerful group of computer mapping

programs, which are designed for the efficient storage, analysis and presentation of

spatially referenced information. This chapter will discuss the concept of GIS, including

the advantages and potential limitations associated with archaeological applications. A

critical examination of potential applications suggests that archaeologists have only

begun to exploit the full range of opportunities available for regional and intra-site

analyses. In addition to functional limitations, the acceptance and integration of GIS has

been restricted by high costs and a lack of sufücient education and training among

researchers. The chapter will conclude with a detailed evaluation of the potential

application of GIS for three-dimensional spatial analysis. Current GIS are limited in their

ability to quantifli three-dimensional datasets. However, it is possible to combine the
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graphical capabilities of GIS with an alternative statistical program to interpret the

distribution of archaeolosical materials in three dimensions.

3.2 - What are GIS?

Computer technology has significantly improved the accuracy and efüciency of

data collection and analysis. Geographic Information Systems (GIS) were first introduced

in the late 1960s and have since presented archaeologists with an innovative and

powerfi.rl research tool for the input, storage, manipulation and output of data (Marble

1990: 98; Fisher 1999: 5). While initial GIS studies were limited in function and

application, continued development has greatly enhanced the utility of the software,

rendering it suitable for use on a wide variety of research projects. Archaeologists

generally defrne GIS as spatially referenced computer databases, which create a link

between a graphically displayed point or feature (spatial data) and its record within a

database (non-spatiaVattribute data) (Maschner 1996b:2; Wheatley and Gllings 2002:

60). A unique set of user-defined attributes is available for each spatial feature, allowing

the researcher to analyze a particular dataset both visually and quantitatively. Attribute

data can be defrned as "...the information about the objects or phenomenon whose

locations and spatial properties we have carefully recorded," most commonly available

from inventories, fieldwork reports and record sheets (Wheatley and Gllings2002:60).

For example, within archaeology, an artefact can be represented graphically as a point on

amap, while information concerning its type, location, colour, size, etc., is stored in a

database for reference and subsequent analysis. This definition of a Geographic

Information System presents a very basic understanding of the technology. In addition to
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data storage, GIS programs are designed for the mathematical manipulation, analysis,

capture, retrieval and display of spatially referenced real-world data (Kvamme 1989: 139;

Burrough 1986: 6; Knoerl T99I:99).

3.3 - Vector-Based and Raster-Based GIS

There are two principal types of GIS that can be employed, depending on the

information available and the research questions to be answered; they are vector-based or

raster-based. Each design is a reflection of the format used for the retrieval and storage of

information, allowing the user to manipulate data in specific ways (Savage 1990:23).

Vector-based GIS use points, lines and polygons to represent discrete spatial data, such as

artefact locations, roads or archaeological sites. In this respect, the images produced in a

vector system are similar to the graphical representation of features in traditional maps

(Kvamme and Kohler 1988: 503). Vector GIS are very efücient for data storage and are

well suited to the management and evaluation of data distributed over large areas

(Kvamme 1989: 154; Knoerl 1997: 99;Maschner 1996b. 3). Consequently, vector

formats are useful for mapping and may be suitable for spatial distribution studies.

Kvamme suggests that vector GIS are "...ideal for applications where the goal primarily

is the viewing of spatial data in map form," (Kvamme 1989: 155). The output images

provide researchers with an excellent visual representation for analysis. Unfortunately,

vector GIS can be relatively expensive, limiting its availability (Maschner I996b: 4).

Furthermore, archaeologists often require the use of continuous data surfaces such as

digital elevation models or topographic coverages, such as vegetation, soil surface or

hydrology. Within vector-based GIS, data values have discrete point, line or polygon
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boundaries that only represent a small portion of the study area (Kvamme and Kohler

1988: 503). Therefore, elevation will be represented by contour lines, rather than a

continuous, varied surface.

Raster-based GIS are based upon a grid system of cells. The area or map is

divided into a series of equal grid cells and each individual cell is encoded with a

particular value that is representative of some category of information (Knoerl l99l:99).

Raster GIS are relatively easy to program and have the unique ability to display maps of

continuous data, creating high quality images, defined by grid resolution (Savage 1990:

24). With raster models, researchers can more readily identify variations within surfaces

based on colour contrasts. Continuous characteristics such as soil type, topography, or

elevation are well suited to raster models. Within a raster GIS, each cell in the grid will

contain a unique value (1, 2,3 ...) for each data layer; the value corresponds to a

particular classifìcation (Kvamme 1989: 151). Raster-based analyses have been used

most frequently by archaeologists. Raster-based systems are suited to location modelling,

creating surface images ideal for manipulation and classification (Kvamme and Kohler

1988: 505). This is a significant advantage when analyzing the distribution characteristics

of archaeological sites in a particular region.

While raster programs are very flexible, they can generate very large datasets and

electronic storage space can become costly. Computer storage needs increase

significantly as cell size decreases and require greater processing or computation time for

analysis (Kvamme 1989: 151). While this can be problematic as the size of individual

cells can affect the quality of information. Larger cells invite data generalizations or

averages, which can smooth features and render them less pronounced or even invisible
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(Kvamme 1989: 152). If two or more classes are found within the boundary of a cell, the

dominant class will generally be coded. As a result the "...true shapes and sizes of classes

can be misrepresented, causing inaccurate area estimates and portrayal of category

boundaries" (Kvamme 1989: 151-2). Researchers need to reach a compromise between

an appropriate cell size and the number of data layers incorporated into the project.

Vector and raster GIS have significant advantages and limitations. Vector data structures

are generally better suited to the analysis of relational information, while surfaces are best

analyzed with raster data structures (Fisher 1999: 5). Current GIS software make

available both vector and raster data structures, allowing the user to determine which

program is the most appropriate.

Once a suitable program has been chosen and the data have been entered, it is

organized into separate layers, or individual coverages. Regional layers such as elevation,

hydrology, topography, soil type, vegetation type or archaeological site locations can be

stored separately and used to perform a variety of data manipulations (Wansleeben 1988:

436; Maschner 1996b: 2). Alternatively, the spatial distribution of artefacts and features

can also be stored as individual layers corresponding to the archaeological levels for

intra-site spatial analysis. Each layer is viewed as a horizontal surface, which is spatially

referenced using the same coordinate scale. Co-registering multiple data layers can be

difücult considering ".,.the various scales, coordinate bases, and projections that might

occur in the original maps prior to GIS capture," (Kvamme 1989: 150). While it may be a

lengthy procedure, using the same coordinate system is necessary for accurate

comparisons and manipulations between different data layers. Intra-site spatial analysis
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should not have this problem unless data is being supplied from different excavations or

different datum points are being used.

3.4 - Advantages for Archaeological Applications

There are currently three main areas of archaeological research that employ GIS,

including spatial analysis, landscape archaeology and site location modelling for Cultural

Resource Management (Savage 1990; Haris and Lock 1995). Archaeologists can take

advantage ofthis new technology to increase the speed and efüciency oftheir

evaluations. In recent years, there has been increased interest and application of GIS

technology within archaeology and Cultural Resource Management (Green 1990: 5;

Limp 2000 232). GIS has become particularly useful for predictive modelling, for

example, the prediction of potential site locations based on the premise that similar types

of archaeological sites should be located in similar types of environment. Using GIS, a

series of environmental variable maps are overlaid, such as hydrology, elevation, slope

and vegetation. From these maps, the combination of environmental variables is recorded

for known sites; areas on the map where similar combinations occur are then targeted as

potential locations for new sites.

GIS has also been used to digitize archaeological sites at both the regional and

intra-site level. Through digitizing, archaeologists can create computer-based images for

the visual and analytical display of data. Continued development of GIS in archaeology

should greatly expand the types of analysis it can address.

There are two basic applications of GIS in archaeological research. The first

provides archaeologists with a data management and presentation toolkit for the
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collection, combination and presentation of relevant data. One of the principle advantages

of GIS is the ability to store, manage and catalogue significant amounts of archaeological

data, which can be easily retrieved and analyzed through exploratory and statistical

investigation (Maschner 1996b: 12;Wheatley and Gillings 2002:18). Geographic entities

are represented as individual, unique spatial data structures within a GIS database.

Archaeological information is also spatially referenced and is equally suited to storage

within a GIS database at both intra-site and regional levels of resolution. As a result, it is

possible to query individual archaeological data structures (for example, artefact

locations on a site map) to access the attribute data maintained within the database (Stine

and Lanter 1990: 80). This process allows researchers to access stored information

quickly and efüciently.

The recovery of archaeological materials through excavation and survey can

result in vast amounts of spatial and attribute data that need to be housed in an

appropriate and accessible database system. GIS have the ability to store and retrieve a

variety of data forms within a single database, which can then be integrated and

manipulated in a variety of contexts. Information such as artefact or site location, digital

terrain models and regional information can be easily updated or corrected and new data

fields can be added to an existing database when necessary. Without the use of computer

databases, archaeologists are limited to conventional, manual data analysis, which is

often slow and time consuming. As a result, the number of variables or types of analysis

that can be considered in a study is limited (Kvamme and Kohler 1988: 497). The use of

manual methods for measurement and recording may also lead to the inclusion of
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variation and errors within a sample. Therefore GIS databases offer an appealing and

time-saving alternative.

In addition to data storage and management properties, archaeologists can also

take advantage of the excellent graphical properties of GIS applications combined with

systems of quantitative analysis. This provides an ideal environment for spatial studies,

including intra-site and regional analyses (Kvamme 1993: 9l). Archaeologists often take

advantage of the graphical capabilities of GIS to create detailed maps and visual displays.

The spatial properties of archaeological sites and artefact information provide the

researcher with the ability to produce maps of the landscape and identi$ unique

relationships in the data. Within such programs, maps can be produced rapidly,

incorporating suitable colour and shading, as well as three-dimensional perspectives,

which are unavailable in conventional paper maps (Kvamme and Kohler 1988: 519).

Computer generated maps can enhance site reports or publications, providing an excellent

educational medium for research. Depending on the capabilities of both the available

software and the user, there is unlimited potential for the creation and inclusion of new

types of information (Kvamme and Kohler 1988: 498). Despite the functional capabilities

of GIS, applications are most often restricted to data storage and management or the

visualization of information without the benefit of research. While this is sometimes

criticized as an ineffective use of the program, Fisher argues that the facility of mapping

within a GIS is comparatively diffrcult \¡iith traditional software (Fisher 1999: 8). High

quality maps produced with a GIS can be used to improve and strengthen the results of

visual interpretation and methodology.
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As an alternative to data storage and visual display, GIS technology can be used

as an effective research tool "...for the development of new and better ways of mapping

and evaluating the archaeological heritage" (van Leusen 1995:27). While the initial use

of GIS in archaeology has emphasized its function as a database management tool,

researchers are beginning to take advantage ofthe potential research properties associated

with GIS. The introduction of GIS technology in archaeology has provided new means

for the study of research questions involving social organization, spatial clustering and

territoriality, "...which promises to advance the study of past social systems in relation to

their physical and cultural environments" (Savage 1990: 29). Therefore, the continued

growth and diversity of GIS applications will lead to the development of improved, more

effective research methodology.

GIS are capable of performing an impressive number of accurate and replicable

measurements within a very short period of time. This allows relatively large databases to

be analyzed entirely and successfully, instead of requiring the user to select a sample for

analysis (Kvamme and Kohler 1988: 498). One of the unique functions of a GIS that is

not shared with other database programs is an ability to query and overlay various types

of spatial data, permitting the manipulation and generation of new information from the

existing data. This can be a major cost-saving advantage, reducing the amount of time

required for digitizing or encoding of information (Kvamme 1989: 156). For example,

elevation information can be analyzed in a GIS to generate new maps containing

information about aspect, slope or viewscape. The process of data query is termed Map

Algebra and involves the use of mathematical functions such as subtraction or addition to

create new data layers (Wansleeben 1988: 438;Kvamme 1989: 157). As a f;rther

47



example, two or more data layers can be added together to produce a ne\¡/ layer that

contains all the features and attributes of each layer. These operations are unique to GIS

and allow the user to identify and isolate individual features for the creation of layers

designed to answer specific research questions.

Despite early success, GIS applications have been limited in archaeology. The

power and capability of GIS technology would suggest that archaeologists have barely

begun to exploit its full potential. GIS technology should not be considered as simply a

new tool that facilitates current problem solving, but rather as a "...vehicle to address

entirely ne\¡/ concerns or concerns for which we have been at a loss for answers," (Limp

2000:232). Archaeologists need to expand the applications of GIS beyond data

management and display to take advantage of the analytical capabilities of GIS software.

3.5 - Potential Limitations

While GIS have become a useful tool for the management and conservation of

cultural resources, it is important to identify current and future limitations. The

sophisticated nature ofthe technology has the potential to dictate research and the

questions asked of the data (Gilbert 1991: 112; Ruggles and Church 1996: 149).

Therefore, researchers need to consider the costs of equipment and technical training, as

well as the quality of data analysis and the suitability of GIS in other disciplines. Only

when these issues are addressed, will it be possible to evaluate the utility of GIS to

provide fast, accurate and replicable information.

Initial applications of GIS in archaeology \ryere hampered by the ongoing debate

between inductive and deductive research (van Leusen 1995: 35). The initial acceptance
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of GIS technology was limited by the perceived problems associated with inductive

research. Traditional, empirical information gathering allows researchers to confirm

hypotheses and expectations. The use of modelling requires the exact opposite, allowing

the evidence to create new expectations and interpretations through analysis (Zubrow

1990: 307). This dramatic change in thinking has often called into question the utility and

accuracy of inductively derived models. Within archaeology, there has been "...almost

mind-boggling preoccupation with hypothesis-driven deductive research, which has

prevailed over exploratory, inductive research, even though it is no less problem

oriented," (I\{aschner 1996b: 5). The scientific focus of the "new archaeology" in the

1960s advocated the use of deductive models, which involve a priori assumptions about

the data. The main disadvantage of deductive methods is the justification of a priori

assumptions; inductive methods rely heavily upon statistical methods that can be difücult

to employ, however (Kincaid 1988: 555; van Leusen 1995: 35). Deductive models have

greater utility for site interpretation, while inductive models have statistical precision.

Therefore both models may have utility in archaeological research.

3.5.1 - Costs and User Knowledge

While the utility of GIS technology in archaeology has been demonstrated, one of

the most important drawbacks is the high cost of equipment. Many institutions are forced

to compromise the quality of GIS in order to afford the hardware and software

(Wansleeben 1988: 450). This limits the variety of anal¡ical functions that can be

performed and may restrict the adoption of GIS to wealthy institutions, resulting in token

availability and application within archaeology. In some situations, the expense of
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database development and management has curtailed the use of GIS in favour of more

affordable tools able to perform similar tasks (Marozas 1991: 90). The acquisition of

digital data can also be costly; collection and refinement of data can be the most time-

consuming and expensive phase of research. Data and equipment sharing can be an

effective means of minimizing costs, while ensuring that databases are continually

updated with new information. Zulick (1986: 327) argues that "the more that data,

equipment and trained personnel are used, the further the costs, which may initially be

high, are spread." Cost reductions are extremely important, especially within

archaeology, where funding and time are often limited.

In addition to considerable expense, understanding the concept of GIS and

making full use of its analytical properties can require signifìcant training and research.

IVhile the use of GIS appears simple, the system's potential ". . . rests to a great extent on

the user's experience" (Allen et al. T990:384). Archaeologists need to be experts in

applying GIS technology to fully grasp its potential and limitations. Many of the concepts

within GIS are complex and require dedicated training, suggesting that the majority of

individuals exposed to GIS will develop a very rudimentary understanding of the

principles (Guillot and Leroy 1995: l8). Therefore, the ability for individuals to

effectively apply GIS to their research questions will ultimately depend on expanded

efforts to train and educate. Those individuals with a genuine interest in the use of GIS in

archaeology need to maintain a detailed understanding of the evolving potential and

functionality of computing technology. This should be facilitated greatly by learning how

other investigators are using these programs to explore unique research objectives.
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3.5.2 - Quality of Data and Analysis

While graphical representations provide an excellent medium for display, the

results can lead to the creation of impressive, detailed graphics without true analytical

value. The quality of mapping the source data is dependent on the methods of data

collection in the field as well as in database information manipulation (Getter 1986: 143,

Kincaid 1988: 556). Archaeologists are only beginning to computerize site information

and many have discovered that records are incomplete, or inaccurate, e.g. the physical

location of sites. Improvements in the quality of data collection, storage and analysis

have been greatly enhanced by the design and incorporation of computerized databases.

One of the benefits of a GIS database is the ability to visually identify erors in a

particular database when the information is graphically displayed (Wheatley and Gllings:

2002:83). Traditional databases do not have a spatial component and therefore effors

generated through the recording and manipulation of data may not be realized, leading to

inaccurate results. Researchers need to first consider the quality of data prior to

evaluating the accuracy of the resulting analysis.

Recent applications of GIS have also suggested that archaeologists have

uncritically applied deterministic or functionalist methods for site prediction and

modelling. Environmental determinism is defined as ".. . a theoretical approach to

archaeology that regards past (and present) cultures as somehow functions of, or shaped

b¡ environmental pressures," (Gaffney and van Leusen L995 367; Fisher 1999:9).

Researchers are forced to view the landscape in a manner that effectively removes human

experience and interaction (Llobera 1996:613). Since the information that is considered

for analysis influences results, this limits the types of questions that can be asked and the
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way that problems are evaluated (Kincaid 1988: 564; Glbert l99l: 112). Researchers

must consider the potential influence of cultural variables on the location of sites. The

restriction of physical, environmental variables for the interpretation of archaeological

materials clearly ignores the anthropological and archaeological aspects of human

behaviour.

Llobera (1996) argues that archaeological studies can include environmental data

without being deterministic. Determinism is the "...product of our interpretation as

reflected through the way we use our information," (1996: 613). The future success of

GIS technology within archaeology will be determined by its ability to develop

appropriate research strategies that consider "...the complex temporal and spatial

relationships in a landscape, and do so in human terms," (Gilbert 1991: I l2). The

development of cognitive and behavioural models within archaeological research will

allow users to include investigations of gender, spirituality, sacred landscapes and

ethnohistoric information @alla Bona 1993: 135, Maschner 1996a:305;Ebert 2002).

These considerations will be beneficial for the inte¡pretation of resource significance and

the development of more suitable models of site location and prediction.

Suitability

Archaeologists have been known to adopt methodology and theory from other

disciplines without critical evaluation. As a result, archaeologists may force their research

to conform to the strength of the borrowed method, allowing it to dictate the types of

questions and analysis that are possible. The development of GIS was not originally

intended for archaeological applications and this has resulted in reduced functionality.

For example, the definition of individual units of analysis in GIS is quite different from
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archaeology. Within raster GIS, units of observation are identified as individual cells at

various scales of resolution, while archaeologists will usually identiff individual sites as

analytical units (Wansleeben 1988: 440, Kvamme and Kohler 1988: 499). The problem

arises when attempting to combine both sites and cells in the GIS. For example, an

individual cell would be considered as one unit in a GIS. Each cell could contain any

number of archaeological sites depending on the size of the units defined, which may

affect the results of analysis. Thinking critically about the data and chosen method can

help identify and account for potential problems.

The rapid integration of GIS technology into archaeology has often been

criticized for resulting in an absence of critical evaluation (Allen et al. l99O: 386).

Researchers need to acknowledge that their questions are based on the archaeological

record and the data should not be compromised in favour of the method. Gaffney and van

Leusen (1995) associate current research limitations with the archaeologist's use of GIS,

rather than the technology itself. Archaeologists and cultural resource managers cannot

"...blame the GIS for being unable to do things it was not designed for" (Gafrrey and

van Leusen 1995:371). Instead, archaeologists need to adapt GIS technology through the

development of software to accommodate research needs. For example, this research

adapts GIS technology for use in intra-site spatial analysis.

3.6 - Three Dimensional GIS Applications

Current GIS technology is limited in the kinds of quantitative analysis that are

available for three-dimensional spatial data. Recent work has suggested that there should

be more emphasis on the inclusion of visualization and quantitative analysis in spatial
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studies, as they are complimentary and essential for archaeological investigations

(Kvamme 1993:91; Kvamme 1995:7). As previously mentioned, the graphical

capabilities of a GIS are well suited to the presentation of spatial information. Kvamme

argues that an effective graph is the key to conveying and interpreting spatial patterning

(1995: 7). A distribution map of artefact clusters across a site provides the researcher

with a visual representation of the statistical results of cluster analysis, for example.

Through graphical display, results can be further interpreted with respect to the

characteristics of the site, e.g. site features or slope. Graphical display combined with

appropriate statistical analyses provide the most complete and effective results for

archaeological spatial studies.

Despite the importance of quantitative analysis, one of the most notable

deficiencies in current GIS software is the ability to adequately analyze three-

dimensional data. Limitations in multi-dimensional GIS present significant problems for

the intra-site analysis of archaeological sites, where excavations involve the recording of

materials in three-dimensional space (Maschner T996a:304; Harris and Lock 1995: 356).

As a result, archaeological applications of GIS have generally been restricted to two-

dimensional analysis (Harris and Lock: 1995:355; Fisher 1999: 8; Wheatley and Gllings

2002:241). While this is useful for horizontal intra-site analysis and inter-site analyses of

settlement patterning on a regional scale (Wanen 1990; Altshul 1990; Csaki et al. 1995;

Lock and Harris 1996), it places severe limitations on three-dimensional interpretations.

Traditional attempts to use GIS for three-dimensional analysis have required the

investigator to "... construct, integrate and analyse within a stacked vertical series of two-

dimensional geographies" (Harris and Lock 1995: 355). While these types of analyses
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produce adequate information, they do not present the same quality of results. A true,

three-dimensional analysis would provide the means for developing a better

understanding of the history of occupation at a site, the structure and the

interrelationships between stratigraphic units (Kvamme 1995: 8). Ideally, then, it would

provide a means of quantifying the relationship between cultural data on the vertical

plane.

The future of GIS in archaeology requires an improvement in th¡ee-dimensional

anal¡ical capabilities, which this research addresses. While GIS currently cannot be used

independently for three-dimensional analysis, it can be combined with other spatial

analytical programs and used successfully within archaeology as a database management

and visualization tool. The statistical results of a three-dimensional spatial analysis can be

incorporated into a GIS database to visualize and query spatial relationships in three

dimensions. The graphical display capabilities of GIS, ".. . allows ready visualization of

pattern in data, an essential adjunct to quantitative analysis," (Kvamme 1993: 102).

Therefore a combination of GIS with a statistical program designed to analyze three-

dimensional data such as K-means as developed here, provides the investigator with an

excellent tool for detailed spatial analysis and graphical presentation of results in three

dimensions.

3.7 - Future Developments

Archaeologists have developed a greater appreciation for the potential problems

and limitations of GIS technology. While there are a number of important issues limiting

future success, the outlook remains optimistic (Kvamme 1989; Allen et al. 1990; Harris
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and Lock 1995; Maschner 1996a; Limp 2000). The power and capability of GIS in

archaeology has only begun to be exploited. Maschner (1996: 303) argues that limitations

in the use and development of GIS are obvious, but "...when problems of data quality,

accuracy, computation, and the learning curve are weighted against the possible results,

the knowledge gained outweighs the inherent difüculties."

Many of the functional problems encountered by archaeologists are the result of

early stages in software development that will ultimately be improved through continuous

refinement. The potential of GIS is only now being realized and the future will see the

development of widespread, imaginative research in archaeology, with critical evaluation

of both the dataset and the suitability of the methodology @uggles and Church 1996:

169;Fisher 1999: 10). The continued use of GIS should encourage specialization in

research and technical development, critical evaluation of data collection methods and a

significant reduction in costs. At present, the major limiting factor is knowledge. With

continued development and innovative application, GIS will become familiar tools for

archaeological research, particularly in the areas of Cultural Resource Management,

landscape and spatial analysis.
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4.L -Introduction

The potential benefit of Geographical Information Systems combined with an

effective method of spatial analysis has been established. Most archaeological

applications have focused on a two-dimensional analysis of the distribution of artefacts

and fauna for the interpretation of intra-site activities, despite the meticulous recording

and documentation of archaeological materials in th¡ee dimensions. Therefore it is

necessary to make use of this important information, through the development of an

appropriate strategy, which incorporates a three-dimensional dataset into a detailed

analysis of artefact distributions. This chapter will provide a description of the region and

site that will be examined in this study, including an outline of the potential problems that

will be addressed through the application of a three-dimensional intra-site spatial

analysis. The site ofKarabi Tamchin offers a unique opportunity to study Middle

Palaeolithic occupations of Crimea, which may reveal important information regarding

Neanderthal occupations and the use of space in a rock shelter context.

- Chapter Four -
Introduction to the Dataset

4.2 - The Crimea

Situated on the north shore of the Black Sea, the Crimean peninsula (Figure 4.1

below) has a very long and diverse history of occupation, which has been the focus of

numerous archaeological excavations (Stepanchuck 1993; Marks and Chabai 1998;

Chabai and Monigal1999; Hoffecker 2002). Most Middle Palaeolithic occupations in the

Crimea are correlated with the final period ofNeanderthal settlement, identifred as the
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Middle Pleniglacial (OIS 3), from 55,000 to 25,000 years BP. More specifically,

numerous occupation levels have been dated from 35,000 to 30,000 years BP, when

conditions in this region were milder (Hoffecker 2002.66). However, as yet, little is

known about settlement systems in the Crimea (Chabai, Marks and Monigal1999; Marks

and Chabai 2001). Continued excavation in the region will provide an opportunity to

develop a better understanding ofNeanderthal populations during the transitional period

between the Middle and Upper Palaeolithic.

The Crimean peninsula represents the greatest concentration ofNeanderthal

occupations in Eastern Europe, which is attributed to the mild climate of the region and

the increased preservation of archaeological sites (IIoffecker 2002;78). The availability

of water, lithic and faunal resources within the Crimean Mountain Ranges as well as the

presence of natural cave and rock shelters created attractive living conditions during the

Middle Palaeolithic. There are three ridges within the Crimean Mountains, which offer

unique climatic conditions based on their altitude. The Main range rises to between 500-

1400 m/asl, the Internal range rises to 400-500 metres above sea level (m/asl) and the

External range is between 200-300 m/asl (Yevtushenko and Burke, In Press;

Yevtushenko et al. In Press a and b). Middle Palaeolithic sites have been identified

within the Main and Internal mountain ranges at varying frequencies. The majority of

known sites have been identified within the Internal range. Yevtushenko and Burke (1n

Press a) argue that this could result from the interaction of two factors: 1) survey efforts

have largely focused on the Internal range; and2) there is an absence of quality raw

materials for the manufacture of stone tools, in addition to a harsher climate in the Main

Range. Therefore, the observed distribution ofMiddle Palaeolithic sites may result from
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limited survey at higher altitudes or environmental conditions. This would further suggest

that the discovery of archaeological sites in the Main Range would be extremely

important to the development of a more complete understanding of the nature and

distribution of Middle Palaeolithic occupations in the Crimea.

The location and interpretation ofPalaeolithic occupations within the Crimea also

has important implications for the development of the Palaeolithic record in Europe.

While there are numerous Middle Palaeolithic cave and rocks shelter sites located

throughout'Western Europe, the majority of Eastern European sites are weakly stratified

open-air deposits with limited preservation (Iloffecker 2002:34). Therefore, the

information obtained from cave and rock shelter sites in Eastern Europe has the potential

to dramatically transform current perceptions of Middle Palaeolithic settlement within

Eastern Europe.

One of the difficulties associated with the interpretation of spatial patterning in

Middle Palaeolithic cave and rock shelter sites is the identification of distinct activity

areas within a confined setting. Occupation floors within these types of sites generally

contain a mixture of materials, which are difücult to interpret, whereas open-air sites tend

to reveal clearer spatial information, as there are no spatial constraints (Straus 1977:332).

While it is difücult to interpret the spatial patterning of cave and rock shelter sites, these

sites are critical to our understanding ofPalaeolithic occupations. Furthermore, while

open-air sites tend to be unstratified, caves and rock shelters often produce deeply

stratified deposits ideal for vertical analysis. In addition, the conditions within cave and

rock shelter sites are more amenable to the preservation of archaeological materials, as

60



the "... exfoliation of the cave ceiling and walls creates a favourable geochemical medium

for bones and teeth," (Hoffecker 2002 119). Therefore, the potential information that can

be recovered from these sites makes them an important resource for the development of

prehistoric interpretations of the Palaeolithic in Eastern Europe.

4.3 - Karabi Tamchin

The site ofKarabi Tamchin is one of only two known Middle Palaeolithic sites

located within the Main Crimean Mountain Range and is the only stratified site excavated

using modern techniques (Yevtushenko et al. In Press a). The site is a collapsed rock

shelter at approximately 740 m/asl, which occupies the North Western edge of the Karabi

plateau at the base of a vertical clifi facing southwest. The site overlooks the Tamchin

River, which is a tributary of the Suat River, located in the Audjikli ravine (Yevtushenko

et al In Press b). Karabi Tamchin contains at least four distinct archaeological levels.

Archaeological sites with well-stratified deposits provide the most suitable context for

spatial analysis (Rick 1976 133). Therefore, Karabi Tamchin contains valuable

information for Middle Palaeolithic research in the Crimea regarding prehistoric

behaviour, as well as expanding our knowledge of regional patterns of land-use.

A. Yevtushenko and V. Chabai originally discovered the site i¡ 1996, with formal

excavations occurring in six-week periods in 1999,2000 and 2001. The site is a

semicircular recess, which "...was covered by thick limestone slabs and blocks that

appear to define the area covered by the former rock shelter," (Yevtushenko et al. In

Press a). Two initial test units (1x2 metre) on either side of the recess identified

Pleistocene deposits of approximately I metre deep containing Palaeolithic materials,
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which led to the excavation of a 2'l square metre area in the centre of the site.

Excavations were conducted using a lm x lm alphanumeric grid system with elevation

measurements recorded using a single datum. Artefacts and larger bone were recorded on

hand-drawn maps at a scale of 1:10, which also included elevation points for those

artefacts located three-dimensionally (Yevtushenko et al. In Press a and b). Within the

lower levels of the site, the presence of carbonate cementation or brecciation required the

use of an electric jackhammer for the recovery of archaeological materials. This also

resulted in a decline in the number of artefacts and bone that could be recorded in three

dimensions. In order to ensure maximum artefact recovery, all excavated sediments were

sieved through 5mm and 1.5 mm screens (Yevtushenko et al. In Press a and b).

The work at Karabi Tamchin has resulted in the recovery of a variety of lithic

artefacts and faunal remains dating to the Middle Palaeolithic. Excavations and

stratigraphic analysis have identified a sequence of cultural occupations separated by

deposits of eboulis and loam materials (Yevtushenko et al., In Press a). A total of four rn

situ cultural levels have been recorded (see Figure 4.2) and form the basis of this

research. Three radiocarbon dates have been obtained from faunal materials recovered in

levels III, IV andYl?. Bone from level III produced a radiocarbon date of > 42,400 uncal

BP, while bone from level IV produced a date of > 41,200 uncal BP and Level Yl2bone

produced a date of > 29,800 uncal BP (Yevtushenko et al. In Press a and b). These dates

place Karabi Tamchin within the timeframe of the Middle Pleniglacial (OIS 3).

The uppermost archaeological levels contain a mixture of disturbed cultural

materials that are not associated with Middle Palaeolithic occupations and will not be

examined here. Avarietv ofstone artefacts and fauna have been recovered from four ln
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situlvltddle Palaeolithic levels, a lithic analysis reveals that tool assemblages from levels

lA2 and III can be associated with Western Crimean Mousterian (WCM) industries, while

levels IV and Yl2have been identified as Crimean Micoquian (CMT) (Yevtushenko et al.

In Press a). The Western Crimean Mousterian (WCM) typology includes Levallois and

blade-core reduction, with an absence of bifacial tool technology. Typically, the WCM

typology consists ofside-scrapers, double-scrapers and various points. This typology has

been identified elsewhere in sites mostly located in western Crimea (Yevtushenko et al.

In Press a; Chabai 1998: 13).

The Crimean Micoquian (CMT) industry uses bifacial reduction, a predominance

of unifacial scrapers and an abundance of tools with convergent edges (points, convergent

scrapers) with moderate numbers of denticulate and notched tools (Yevtushenko et al. In

Press a). This industry includes three different facies (Ak-Kayan, Staroselian and Kiik-

Kobaian) based on the presence and combination of certain tool types (Chabai and Marks

1999). The CMT has been located at several sites in the eastern part of the second range of

the Crimean mountains (Yevtushenko el al. In Press a).

Faunal assemblages from each of the levels investigated here provide evidence for

the exploitation of a variety of species, which would have inhabited the plateau, as well

as the river valleys and cliffs south of the site. These include an extinct form of Asiatic

ass, reindeer, saiga, antelope, red deer and chamois @urke, InPress). Therefore, it seems

that the inhabitants of Karabi Tamchin made use of a variety of local resources. This

evidence provides important information regarding the nature of occupations at the

shelter and will be considered in combination with the results of the k-means three-

dimensional spatial analysis (below).
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4.4 - Site Stratigraphy

Natural processes of soil formation, sediment deposition and erosion and

weathering of the rock wall, in combination with cultural occupations at Karabi Tamchin

have led to the accumulation of a complex stratigraphic profile studied by C. Reid

Ferring (Yevtushenko et al. In Press a and b), which reveals important information about

the nature of occupations at the site. Over time, the rock shelter would have been

subjected to natural erosion, which is supported by the presence of irregular eboulis from

the walls and the roof (Yevtushenko et al. In Press a). Excavation and subsequent

examination of the geological profile at Karabi Tamchin reveals evidence for the

chemical weathering of the limestone walls. Dissolution has led to the deep weathering of

sediment and has resulted in carbonate cementation in the lower levels of the site. This

process has occurred at varying degrees across the site and is a post-depositional process,

which effectively crosscuts the original stratigraphic levels (Yevtushenko et ql. In Press

a). The process of cementation created significant difficulties for the excavation of the

lower cultural levels and required modifications to the original excavation strategy. In

turn, these modifications affected the collection and recording of archaeological materials

in three-dimensions, which will be discussed in chapter 5.

Cultural occupation levels were visually identified during excavation and can be

associated with geological strata (Yevtushenko et al. In Press a and b). Figure 4.2

displays the stratigraphic profile for the western wall of the site, along the square 8/9

transect. Table 4.1 below displays the archaeological level and associated litholigical

strata, which are identifiedinfigure 4.2.
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Table 4.L: Corresponding Archaeological and Lithological Levels at Karabi Tamchin

The profïle also identifies an interesting feature of the rock shelter, with respect to

the position of the back wall. The back of the shelter was originally located in line with

square 8-F, as indicated in figure 4.2by a small step in the bedrock. Geoarchaeological

analysis has revealed that cultural levels IV and Y12 were deposited prior to the erosion

of the back wall (Yevtushenko et al. In Press a). The shelter then proceeded to retreat

into the wall of the cliffafter the initial deposition of sediments. This resulted in a

contraction of the shelter, but was also accompanied by an increase in the rate of erosion,

leading to the deposition of greater concentrations of eboulis (Yewushenko et al. In Press

a and b). Levels IIl2 and III were deposited at this time.

Differences in the depositional events of cultural layers at Karabi Tamchin are

important for the interpretation of spatial patterning in three dimensions. There is a

visible difference in the slope and soil characteristics of geological strata 6b and 7b and c

(archaeological levels IV and V/2) compared to upper 6a and 5c (archaeological levels III

andIA2). The lower strata are thinner deposits of finer sediments, which display a greater

slope from north to south following the natural dip of the bedrock. Levels IY andYl2

were also subjected to varying degrees of carbonate brecciation across the site.

Lithological strata associated with levels IU2 and III contain coarser sediments, with

larger eboulis, but are relatively level. Topographic and sedimentological features of
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these levels will be considered when interpreting the results of the spatial analysis for

each archaeological level (chapter 7).

4.5 - The Dataset

The three-dimensional information used for this study was recorded from hand-

drawn distribution maps of archaeologically defined levels that were drawn to a 1:10

scale, with X and Y coordinates recorded to the nearest centimetre. Artefacts (tools, cores

and flakes >2cm in length) as well as large and identified bone fragments from each

excavated lmetre square unit were drawn onto plans during excavation. In addition, Z

values (depth below datum) were recorded for l43l artefacts/bones ranging from -124

centimetres (cm) to -208 cm below datum, providing an adequate sample size for spatial

analysis. This research uses only artefacts and faunal remains for which three-

dimensional coordinates \¡/ere recorded. Artefacts for which only two-dimensional

coordinates \ /ere recorded were not used, as they could not provide information on the

vertical distribution of materials.

Table 4.2a and b, below, display the total number and proportional representation

of three-dimensional archaeological materials. Each of the four archaeologically defined

levels of interest contains a relatively high percentage of faunal materials, while level III

has the highest percentage ofstone tools.
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Table 4.2a- Total Artefact Frequency and Percentage Distribution for Level IA2 andIII
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Table 4.2b - Total A¡tefact Frequency and Percentage Distribution for Level lY andYlZ

The th¡ee-dimensional information for each level was entered into a computer database

containing the level and square designation, the type of material (bone, stone flake, chip

or tool) and the corresponding X Y and Z coordinates for each artefact or bone. The

completed database is used to perform the K-means cluster analysis and will provide the

necessary attribute information for the horizontal and vertical analysis of artefact

distributions.

4.6 - Potential Problems to be Addressed

Preliminary research at Karabi Tamchin has revealed low artefact densities within

each cultural level, which is likely a reflection of short occupation periods at Karabi

Tamchin (Yevtushenko et al. In Press a). This information may indicate the potential

presence of palimpsests within the shelter (as discussed in Chapter 2). Spatial analysis

will be used to demonstrate that the shelter was indeed used for four successive short

term occupation by small groups, rather than one, continuous long-term occupation. In

order to do this it is necessary to develop an appropriate methodology designed

specifrcally for the identification of these types of deposits. Spatial analysis in

archaeology has traditionally focused on either the horizontal plane, or the vertical

dimension. As the horizontal distribution of artefacts provides useful information

regarding the distribution of activities within individual cultural levels, one must be
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certain that the artefacts are associated with a single occupational phase contemporary

with the level being analysed. Therefore, any analysis of spatial patterning should

consider first how the vertical dimension has influenced site formation processes and the

po ssible po st-depositional movement of materials.

This thesis establishes a methodology for the objective identification and analysis

of the spatial distribution of: 1) cultural levels and 2) archaeological finds within levels.

This investigation focuses on the identification and interpretation of stratified cultural

layers from the collapsed rock shelter of Karabi Tamchin, where the stratigraphy is

complex and the existence of at least some palimpsest deposits is suspected.

4.7 - Conclusions

The site of Karabi Tamchin potentially contains important information about

Neanderthal behaviour in general and more specifically, in the Crimea. The

characteristics and problems associated with the analysis ofMiddle Palaeolithic rock

shelter sites have been identified (above), including the potential presence of palimpsests.

The importance of three-dimensional analysis within archaeology has also been

indicated. It is now necessary to account for these potential limitations with the

application of a three-dimensional spatial analysis that combines the quantitative results

of K-means cluster analysis with the graphical and anal¡ical capabilities of GIS. Chapter

5 will provide a detailed description of the methodology developed here in order to

investigate and interpret artefact distributions in several archaeological levels f¡om

Karabi Tamchin. Once the vertical distribution of levels has been established, intralevel

spatial patterning (of the distribution of individual clusters) will be examined. This will
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provide an opportunity to interpret the behavioural patterning ofNeanderthal populations,

as seen through the distribution of archaeological materials at Karabi Tamchin.

70



5.1 - Introduction

Within archaeology, the use of spatial analysis can reveal important information

regarding the types of activities that occurred within a particular site as well as how those

activities were organized in terms of space. The preceding chapters have demonstrated

the significance of spatial analysis in archaeology as well as the potential benefits of

Geographic Information Systems as a visualization and database management tool. K-

means cluster analysis has been successfully applied in archaeology to identify spatial

patterning in three-dimensions. This chapter describes the methodology developed for the

three dimensional spatial analysis of artefact and faunal distributions at Karabi Tamchin.

After the dataset has been transformed for use in the GIS programs, the entire database is

examined initially as a test of the integrity of cultural levels identified during excavation.

In addition, individual archaeologically defined levels are analyzed in order to identi$r

clusters of finds that may signify possible activity areas within the site. This is

accomplished by using ArcView 3.2 GIS software to visualize horizontal spatial

patterning and ATcGIS to visualize three-dimensional distributions, followed by cluster

analysis to identi$ discrete levels and intraJevel spatial organization; and finally,

statistical analyses ofcluster contents to identi$r potential activþ areas.

- Chapter 5 -
Methods

5.2 - Test of Randomness

As an independent check that the th¡ee-dimensional dataset is an unbiased sample

of the total dataset distribution, the distribution of all faunal remains for each

archaeologically defined level was plotted on a grid, based on frequency counts for each
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excavated l-metre square. Separate grids were created for total bone concentrations

(Appendix A- Figures 1-4), total identified bone (Appendix A - Figures 5-8) and the

total burnt bone concentrations (Appendix A - Figures 9-11). A grid for unidentified

bone was also produced, which included unidentified bones, bone flakes and tooth

fragments less than 2 cmin length and those between 2-5 cm and 5-lOcm (Appendix A -

Figures 12-15). Next, plots of all three-dimensionally referenced bone were produced for

each level and compared with the distributions (Appendix B - Figures 4, I and l2). If the

three-dimensional dataset displayed similar distribution characteristics, it would suggest

that the distribution of finds in the entire database has been randomly sampled and the

three-dimensional data could be used for the interpretation of intra-level activities.

Comparisons between the total faunal distributions (identified and unidentified

materials) and the three-dimensionally recorded distribution demonstrated similar

patterning for each level, indicating that the dataset is an unbiased representation ofthe

total faunal distribution and the research can proceed. Burned faunal distributions for

levels III and IV will be discussed in chapter 7 and used to interpret the possible location

of hearths in relation to the distribution of artefact clusters.

5.3 - Re-Sampling Strategy

The excavation ofKarabi Tamchin occurred over a period of 3 consecutive field

seasons (1999,2000 and 2001). As discussed in chapter 4, excavations in the 1999 season

encountered several difficulties including the presence of breccia, or varying degrees of

carbonate cementation within the lower geological strata including part of archaeological

level III, IV and all of level Yl2. Ãs a result, excavation strategies were modified in
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subsequent years including the use of an air-hammer to loosen sediments before removal

and sieving. Due to this change in excavation strategies, a significantly higher percentage

of archaeological materials were recorded in three dimensions in 2000 and 2001. Figure

5.1 (below) displays a plot of the total artefacts recorded in three dimensions throughout

the entire excavation; transects 9, 10 and 11 excluding row J were excavated in 1999. An

interpretation of spatial patterning using k-means cluster analysis would create clusters

that are biased by the density of artefacts towards the outer squares of the site. As a

result, clusters would be representative of different excavation strategies, rather than the

natural spatial organization of archaeological materials within the site. Therefore, a re-

sampling strategy is devised to minimize the problems associated with excavation

differences.

A visual examination of the dataset indicates that there is an obvious difference in

artefact densities along the 8/9 transects and the llll2 transects in each archaeologically

defined level. Therefore, the number of artefacts was counted along either side of lines

819 and llll2lines (excluding row I) and counts were used to produce a re-sampling

ratio to use when re-sampling the units excavated in 2000 and 2001. Artefacts within

20cm on either side of the transects were counted to produce the ratio. Unfortunately, this

revealed that the presence of carbonate cementation in level V/2 has greatly affected the

recovery of three-dimensional information and the possibility of interpreting the natural

spatial patterning of artefact distributions is limited. Therefore, the level V/2 dataset is

excluded from the cluster analyses. In addition, the number of three-dimensional artefacts

recovered for archaeological subJevel 2-l was limited in the original distribution and

further reduced by the re-sampling procedure, thereby eliminating it from further



analysis. Table 5.1 (below), displays the ratio calculations for levels IVz,lIl and IV and

the final percentage of materials to be re-sampled from the2000l200l excavations.
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Table 5.1: Calculated Artefact Frequency Ratios and Sampling Percentages for
Levels W2,IfI and IV

The resulting ratios were used to re-sample the 200012001excavated materials; 100% of

the materials from the 1999 excavations were combined with the re-sampled data to

create a sampled dataset for each level. Re-sampling was performed three times for each

level and the resulting datasets were analyzed using k-means cluster analysis. The

horizontal distribution of each trial is compared to ensure that re-sampling is unbiased.

A series of chi-square significance tests were performed for each level to

determine if the frequency and percentage of artefacts in each trial were significantly

different. This was used to determine whether the sampling technique could produce

three sets of random artefact distributions to be used for the k-means cluster analysis. The

results would also make it possible to identify whether the results were similar enough to

warrant selecting one solution for analysis and interpretation. The chi-square significance

tests determined that none of the three trial comparisons were able to reject the null

hypothesis at the required .05 level of significance (Appendix D - Tables 1-9). It is also

important to note that the resulting chi-square values were very low in each comparison,

which indicates that there is almost no difference between trials. Therefore, the chi-

square statistical results indicate that each trial is comparable for each level, supporting

the selection of one trial for interpretation.
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5.4 - GIS and Three-Dimensional Visualization

One of the drawbacks of ArcVew 3.2is an inability to display information in

three dimensions in an adequate fashion. However, it is still useful for two-dimensional

visualization and provides powerful analytical capabilþ for database query. To view

data in three dimensions in ArcView 3.2, the 3D Analyst extension can be used. The 3D

Analyst extension converts two-dimensional data into a three-dimensional visual display;

however it does not provide a good display when the range in vertical distribution is

relatively small (Booth 2000: I77). The vertical extent of the dataset for this study is 84

cm. When the data is displayed in th¡ee dimensions using the 3D Analyst, the vertical

runge is too small to distinguish clusters visually with any accuracy. Another limitation of

the 3D analyst is the absence of a reference grid, rendering it impossible to determine the

angle at which the data are being viewed.

ArcGIS, a more recent GIS program than A¡cView 3.2, offers two extensions for

the analysis of 3 dimensional data and is therefore used in this research for the

presentation and visualization of three-dimensional data, which is used when interpreting

the results of the cluster analysis. The Geostatistical extension provides an excellent way

to visualize and analyze three-dimensional data. The trend analysis function is also an

extremely useful tool for visualizing data in three dimensions. A dataset is displayed with

the X, Y and Z axes visible, making it easy to view data on three different planes. It also

identifies global trends, which can provide information concerning the slope. The main

advantage of the trend analysis is its ability to display 3 dimensional data on a spinning

3D plot. The dataset can be rotated horizontally in 360 degrees, and can be rotated

vertically in 180 degrees. With such a wide range of angles, it is possible to locate trends
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in the data from any viewpoint. For this research, the entire dataset distribution (all

levels) is examined using the geostatistical trend analysis to examine both vertical

clustering in the dataset as well as global trends.

5.5 - K-Means Cluster Analvsis

A statistical method of identifying three-dimensional clusters is required to

provide an objective test of subjective visual analysis. The statistical method chosen for

this project is the k-means cluster analysis, available in both SPSS version 10.0 and

Kintigh's (1994) Tools for Quantitative Archaeology (TQA). The procedure is relatively

well understood and accessible, offering a simple, yet effective method for the

identification and interpretation of spatial data (see chapter 2). One of the main

advantages to this approach is its ability to handle large data sets, which are quite

common within archaeology (Ammerman et al 1983:2I2).

K-means cluster analysis is defined as an equal variance method, i.e. it searches

for clusters with equal variance in all dimensions. The resulting analysis attempts to

produce ideal spherical clusters; although this is not always appropriate when considering

archaeological levels (Koetje 1992: I78). For example, normal, spherical clusters are

unlikely to provide adequate representation of the vertical distributions of archaeological

levels. The analysis of three-dimensional distributions presents a unique problem for

equal variance procedures. Within archaeology, distributions along the vertical dimension

are generally much more restricted spatially than horizontal (X and Y) distributions.

Without a consideration of distribution differences between the three axes of variation,

greater weight will be assigned to the spatial axis with the greatest variation (Koetje
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1991: 189). Despite these difficulties, a series of Z coordinate transformations (discussed

below) can be applied to the dataset, allowing the k-means clustering analysis to produce

comprehensive and meaningful results in three dimensions. The program can also be used

in combination with GIS software, to provide a quantitative analysis, which is easily

visualized and inte¡preted. Two packages are available to test the successful application

of k-means for three-dimensional analysis. A series of experimental trials were run using

both SPSS v.10 and Kintigh's (1994) program. Results of the k-means cluster analysis in

SPSS v.l0 and the TQA program were compared (see below) to determine which method

is the most appropriate for the Karabi Tamchin dataset.

5.5.1 - SPSS v.10

The SPSS v.l0 k-means program was used as an initial test of the integrity of

archaeologically defrned levels. One of the benefits of the SPSS v.l0 k-means cluster

analysis package is the option it provides to save the cluster membership of each point as

a column in the original database. By saving the cluster membership, the database can be

queried by individual cluster, making it possible to examine the attributes of points within

each cluster. Once the cluster analysis is performed and the cluster membership of each

point is saved, it is possible to query the database in ArcView and AToGIS to determine

the vertical distribution for each cluster to compare with the Z value distribution of the

archaeologically defi ned levels.

A drawback of SPSS v. l0 is that in order to run a k-means cluster analysis in

SPSS v. 10, it is necessary to specify the number of clusters in the dataset. This is done

using the point distribution and the trend analysis function in A¡cGIS. This requirement
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was deemed too subjective and it was decided that Kintigh's Program would be used for

the remainder of this research.

5.5.2 - Kintigh's Tools for Quantitative Archaeology

As previously stated, an important limitation of the k-means program in SPSS v.

l0 is the requirement for a user-defined number of clusters. This results in subjective

interpretation ofthe data and does not allow the program to determine a statistically

appropriate number of clusters based on the actual dataset. This is especially problematic

when it is necessary to identify natural clusters in the dataset, based on the points

themselves. Kintigh's Tools for Quantitative A¡chaeology (Kintigh, 1994) offers an

appropriate alternative, as the computer program statistically determines the most

appropriate number of cluster solutions based on the original dataset. Trial runs of

Kintigh's program were performed using the entire dataset for Karabi Tamchin. In

addition, Kintigh's program (1994) is used to perform a three-dimensional cluster

analysis of each ofthe archaeologically defined levels IVZ,III,IV and Y12in orderto

identifu possible palimpsests and interpret spatial orgaruzation at Karabi Tamchin (the

results are in chapter 6).

The k-means module of Kintigh's program requires the user to create simple text

files, which contain the X and Y coordinates for each point in the analysis. The program

also requires the user to determine the clustering range for a particular dataset. For each

trial run, including the entire dataset and each of the 4 archaeologically defined levels, a

clustering range of l-20 clusters was chosen. This provides the program with a range that

is diverse, yet reasonable, given the size ofthe dataset, the excavation area and the type
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of site (rock shelter) being investigated. The program requires the user to identify the

number of random runs required for the dataset. A total of l0 random runs were selected

for each trial to provide useful comparisons with the original dataset results.

5.6 - Data Preparation

5.6.1 - Mapmaker Pro and ArcView 3.2

The final database of three-dimensionally recorded objects for levels U,/2,m,'IV

and 5 contains information including the X, Y and Z coordinate, the type of artefact

represented by that point and both the archaeological level and unit number from which

the artefact was recovered. It is also necessary to transform the vertical distribution of

finds into a scale that is easy to visualize and interpret in three-dimensional space. This

becomes important when interpreting the results of the cluster analysis. The original

vertical scale of -124 cm to -208 cm below the surface was converted to a scale of -l cm

to -84 cm and recorded in the database. A separate database was created for each ofthe 4

defined levels and merged into a single relational database.

It is necessary to convert the spatial dataset for use in GIS through the creation of

a series of shapefiles. A number of data transformations are required to plot the points

accurately so they correspond to the original archaeological grid. When the original

points are recorded, each excavated square is assumed to range from zero to 100 cm on

the X and Y axes. Ifthe X and Y coordinates were entered into the database unchanged,

the computer would read all of the points as belonging to the same lm x lm square and

points would not be separated into the appropriate squares. As seen in Figure 5.2 below,

the site grid consists of 6 units across (X axis) and 5 units down (Y axis).
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Each square unit represents I m2, resulting in an X scale ofO to 6 m and a Y scale

of 0 to 5m. As the squares increased from left to right, I m (100cm) was added to the

original X coordinates and as squares increased from the front to the back ofthe cave, lm

(l00cm) was added to the Y coordinates. The resulting transformations are displayed in

Figure 5.3. For example, points within square 10J would have 400 cm added to the

original X coordinates and 0 cm added to the Y coordinates. These changes are recorded

in the database as a separate column so that each point entry contains both the old and the

modified X and Y coordinates. Changes were checked against the grid and the original

coordinates to ensure accuracy.
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As a visual check of the database to determine that all of the points were

accurately mapped according to the archaeological grid, the database for each level was

viewed in Mapmaker Pro. Mapmaker Pro is a relatively simple mapping program that can

create files to be exported in a number of different formats for use within more complex

programs. Using Mapmaker, a point file is created for each of the 4 defined levels as well

as one point file that combines all levels. In addition, a reference grid of 6 columns and 5

rows, each with a horizontal and vertical extent of I m (100 cm) is used to test the point

files. By overlaying each of the level point files onto the reference grid, it is possible

determine if the points are accurately mapped. Once each point file is evaluated, the files

are saved and exported as shapefiles to be used within ArcView GIS 3.2 for the two-

dimensional (horizontal) analysis. Files are exported together with the point distribution

image and its corresponding database. The grid file is also exported with a database
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containing the unit identification and the X and Y scale ranges for each square. Once the

files are exported as shapefiles, they can be opened using ArcView 3.2, or A¡cGIS for

both two-dimensional and three-dimensional analysis. When the Grid image is created in

Mapmaker, arbitrary identifications are assigned for each grid cell. Using the edit table

function in ArcView, each of the grid cells is altered to correspond with the appropriate

archaeological square designations and a table join is performed between the grid and

each corresponding level to allow each of the points to be referenced with the appropriate

grid square.

Figure 5.4a,b, c, and d (below) illustrate the archaeological shapefiles for levels

III, IIII, IV and YlZ,including the individual point file and the reference grid. Once the

shapefiles are evaluated against the original dataset to ensure acuracy, individual

artefacts are colour-coded to provide an initial visual interpretation of the general spatial

trends for each level (Appendix B).
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5.6.2 - K-means Analysis Using Kintigh's Tools for Quantitative Archaeology

In order to create an appropriate dataset for three-dimensional clustering (one that

creates equal variation in three dimensions), a series of transformations are applied to the

original dataset (see below) and the results are compared to determine the relative

effectiveness of each procedure. An initial two-dimensional cluster solution (X, Ð is

performed and the results are compared with the three-dimensional clustering tests. Given

the concerns expressed by Koetje (above) regarding the effects of the k-means equal

variance assumptions, which create spherical clusters and lead to compression on the

vertical scale, a Z scale transformation must be chosen. Three data transformations were

applied to the Z coordinates of the dataset for each level to evaluate their effectiveness

for the analysis of clusters in th¡ee dimensions. The transformations applied to the Karabi

Tamchin dataset include simple Z expansion factors of 5, 10, 15 and 20, Z score or data

standardization and a combined trial of the Z expansion factors and data standardization.
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5.6.2.1 - Z Expansion Factors

A Z axis expansion factor is used to improve the discrimination between the

horizontal and vertical dimensions in the dataset. The application of an expansion factor

places additional emphasis on the Z axts and can actually improve the ability to

discriminate between various layers when the vertical distribution is small (Koetje 1991:

189, Koetje 1990:267). A series of expansion factors (5, 10, 15, and 20) were applied to

the Z coordinates for each level to determine which factor was most suitable. A separate

column was created in the database for each expansion factor and the original Z

coordinates were multiplied by the various factors and saved. An appropnateZ expansion

factor improves the range of Z coordinate values so that they are comparable to the range

in the X and Y coordinates. This places equal importance on all th¡ee dimensions, and

creates k-means clusters, which are representative of the data in three dimensions.

5.6.2.2 - Data Standardization Trial

An object's original spatial coordinates (X, Y and Z) can be replaced on each axis

with a Z-score value. This provides an alternative method of data transformation and

creates an ideal three-dimensional dataset for cluster analysis (i.e. equal consideration of

coordinates). A Z-score value is defined as "...the distance (expressed in standard

deviations) between an observation within a set and the mean of the set," (Koetj e l99l

189). Through this process, an entirely new set ofcoordinates are created for each

observation (artefact) in the sample. The use of the Z score successfully transforms the

entire data distribution into a standard space, where each axis has a coordinate mean of 0

(Koetje 1993: 118, Koetje 1992: 179). SPSS v.10 was used to calculate the standardized
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Z scores for the X, Y and Z coordinates. Once calculated, the Z score values were entered

in the database as separate columns and used for the k-means cluster analysis.

5.6.2.3 - Combined Z Expansion Factor and Data Standardization Trial

Athird trial combined both theZ arcs expansion factors and the Z score

transformation, resulting in a standardized dataset with expansion factors applied. Once

the results of the Z expansion factor trials are evaluated, the most suitable factor is

selected and applied to the combined transformation trial. Results of the combined trial

should improve the overall distribution of clusters by placing a strong emphasis ontheZ

coordinates. Once complete, each of the transformation processes is compared to

determine the most effective procedure for the identification of significant clustering in

three dimensions.

5.6.2.4 - Transformation Results

The results of the transformation trials indicate that aZ expansion factor of 10

creates a suitable three-dimensional dataset for k-means cluster analysis. As discussed

above, expansion factors of 5, 10, 15 and 20 were applied to the Z coordinates of each

level to improve the weighting of the Z axts in the cluster analysis. Table 5.2 below

displays the original coordinate scale ranges for X Y and Z, including the transformed

ranges from the application ofvarious expansion factors for archaeological levels IIJL,m

and IV.
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X Coordinate Scale

Y Coordinate Scale

Z Coordinate Scale

Z Expansion Factor 5
Z Expansion Factor 10

Z Expansion Factor 15

Table 5.2: Coordinate Scale Ranges (min to max depth below datum) with Applied Z
Expansion Factors

As the table demonstrates, an expansion factor of l0 improves the three

dimensional distribution of the dataset for each level, including the vertical distribution of

points, while transforming the originalZ coordinate scale into a comparable distribution

range with the X and Y coordinates in each of the three levels. For example, level lA2has

an original Z scale range of lcm to 57 cm, which is very small when compared to the X

and Y coordinates. A,Z expansion factor of l0 creates a distribution of l0 cm to 560 cm,

or 560 cm total, which places it within an acceptable range when compared to the X and

Y coordinates. The other expansion factors either exceeded or did not meet the required

range, as indicated by the results in Table 5.2 (above).

It is equally important to consider the possibility of human error when recording

artefacts in three dimensions. The artefacts recovered from Karabi Tamchin were

recorded vertically by transit readings, which have an associated margin of error. When

the vertical scale is expanded using Z expansion factors, the resulting margin of error is

also increased by the same factor. The results of the comparison between each of the four

Z expansion factor trials suggest that a factor of 10 is the most appropriate choice based

on the resulting vertical distribution range and the visible improvement in clustering

without horizontal bandins.

Z Exoansion Factor 20

3-596=593
3-495=492
l-57:56

5 - 285 :280
10- 570 = 560
15-855:840

20 - ll40: II20

25-596=57L
5-480=475
20 - 66: 46

100 - 330:230
200 - 660: 460
300-990:690
400- 1320:92Q

5-597 =592
| - 496: 495
II -77 :66

55 - 385 :330
110 - 770:660

165 - 1155:990
220 - l54Q: 1320
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AZ expansion factor 10 and the standardized z score trials were identified as the

most appropriate and effective solutions for the transformation of the Karabi Tamchin

dataset prior to k-means analysis. Both trials produced almost exactly the same results for

the datasets of each level, indicating that the two transformations had similar influence

and effectiveness on the k-means cluster analysis. Gven the similarities between the

results, aZ expansion factor of l0 was selected to be applied to the datasets for each level

for the three-dimensional analysis and interpretation of spatial organization. TheZ

expansion factor l0 results will provide better visualization of the data and ease of

interpretation in three dimensions, as it exaggerates the vertical scale, rendering the

distribution of clusters more distinct.

5.7 - Significance Testing

The k-means program in Kintigh's TQA (1994) generates a computer printout of

cluster memberships that can be used to identify individual artefacts within each cluster

in the solution. A separate database file is created for each significant cluster solution for

the archaeologically defrned levels. Within the database, the cluster assignment for each

artefact/point is recorded for future spatial analysis. The identification of cluster

memberships allows the researcher to query the database by cluster number, making it

possible to examine the attributes of points within each cluster. The cluster membership

databases also contain all of the original attribute information including the X, Y andZ

coordinates, artefact type, level and square designation. These databases are converted

into shapefiles and analyzed using ArcView (horizontal distribution) and ATcGIS

(vertical distribution) to determine the X, Y and Zvalue distribution of each cluster. The
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results are then used to evaluate the statistical significance of cluster contents for

interpretation of the horizontal (intraJevel) and vertical (intra-site) distribution of

archaeological materials.

The k-means program provides important information regarding the distribution

of materials and makes identification of spatially defined activity areas possible within

each level. This requires a close examination of the artefacts within each of the clusters

defined for a particular solution. The statistical significance of each cluster composition

must be evaluated to determine whether the artefacts are randomly distributed throughout

the site, or significantly distributed within specific clusters.

The Chi-square, or Goodness-of-Fit Test is used to compare "...the observed

frequency counts of a single variable with an expected distribution of frequency counts

allocated over the same categories" (McGrew and Monroe 2000: 155). The Chi-square

test makes it possible to determine whether the contents of individual clusters in a given

solution are significantly different. The Chi-square test requires that the input data must

be actual frequency counts such as nominal or ordinal data. The test cannot be performed

on ratio or interval data, such as percentages (McGrew and Monroe 2000: 155). Since

each artefact or point within a given cluster is identified nominally by its corresponding

X, Y and Z coordinate, the Chi-square test is a suitable choice for the present dataset.

A standard Chi-square test requires a2x2 contingency table. Given that the

number of categories in this research is greater than two in all cases, a two by two

contingency table is not appropriate. It is possible to create a contingency table based on

more than two categories, called the "r x c" contingency table, where r > 2 or c> 2

(Thomas 1986:277). The test works on the same principles as the two-by-two Chi-square
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contingency table, although there are some important additional considerations. Thomas

(1986: 298) states that the data must meet one of the following requirements when using

the Chi-square r x c Contingency table:

a. All expected values are greater than 5; or
b. No more than about 20 percent of the cells have expected values less than 5 and
no expected value is less than l; or
c. More than about 20 percent of the cells have expected values less than 5 and no
expected value is less than 2.

In order to test the significance of differences between individual clusters in each

cluster solution, a separate contingency table is constructed using cluster pairs. Each

cluster was paired together with all other clusters in the solution; however, similar

pairings (for example, cluster I and 4, cluster 4 and 1) were only run once, as they would

produce the same results. Those pairs that did not meet the r x c contingency table

requirements outlined by Thomas (1986) were run for comparison, but the results will not

be interpreted. In addition to the k-means cluster analysis, Kintigh's Tools for

Quantitative Archaeology 099Ð offers several statistical programs, including the Two-

Way program for the analysis of two-dimensional contingency tables. Once the observed

artefact frequencies for two clusters are entered, the Two-Way program calculates

expected frequencies and the resulting Chi-square value. The program also produces a

printout of the observed and expected tables, with a breakdown of the calculations. This

provides a simple method for significance testing, with results that are easy to interpret.

The Two-Way program was used in this analysis. The resulting Chi-square values are

compared with the critical values for the appropriate degrees of freedom (results are

presented in chapter 6).
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The null hypothesis (II") developed for the Chi-Square test states:

There is no significance difference between the artefact compositions of any
two clusters: the distribution of artefacts is based on a random distribution.

A standard level of .05 significance \rùas selected to compare the resulting chi-

square value with the critical value. If the null hypothesis is rejected, it may indicate

culturaVspatial patterning within the level. Once this is determined, it is possible to make

inferences about the spatial location and nature of activities that took place in each level.

Rejection of the null hypothesis may also reveal important information regarding the use

of space by pre-modern hominids, as discussed in chapter 7.

5.8 - Conclusions

This chapter has presented a detailed discussion of the methodology developed to

test the integrity of archaeological levels identified during excavation, to determine

whether the horizontal clustering of artefacts can be used to distinguish activity areas

within archaeologically defined levels. To summarize,irutial investigations of the dataset

indicate that it provides a random, representative sample of archaeological materials for

cluster analysis. The k-means analysis program in SPSS v. 10 is then used to evaluate the

total dataset distribution as a test of the integrity of the archaeologically defined levels in

three dimensions.

Subsequent dataset preparation, including re-sampling and the application of aZ

scale expansion factor of 10, have created a three-dimensional dataset that is suitable for

intralevel k-means cluster analysis using Kintigh's (1994) Tools for Quantitative

Archaeology and visualized using GIS. The results are investigated statistically to

91



identify significant differences between the contents of individual clusters. The horizontal

distribution of artefact clusters is examined in chapters 6 and 7 based on the results of the

significance tests to determine whether or not discrete spatial clusters can represent

spatially discrete activity areas. This will allow the researcher to evaluate the

effectiveness of the use of k-means cluster analysis combined with GIS as method for the

analysis of th¡ee-dimensional spatial patterning within archaeologically defined levels at

Karabi Tamchin.
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6.1 - Introduction

This chapter will provide a detailed description of the results obtained from the

three-dimensional K-means cluster analysis ofKarabi Tamchin. The results of the SPSS

trial are presented, followed by the individual level results from Kintigh's K-means

program. The results of the significance testing will be described; clusters whose contents

are statistically signifìcant are also identified. The results will be interpreted in chapter 7.

- Chapter Six -
Results

6.2 - K-Means Cluster Analvsis SPSS L0

As described in chapter 5, SPSS v. l0 requires the user to specify the number of

clusters for the analysis. The three dimensional distribution of points were visually

inspected in three dimensions using ATcGIS to identiSr subjective clusters in the point

distribution. Four distinct clusters with a potential fifth, less distinct cluster were

identified.

A histogram plot of the Z distribution was also created for the purpose of

objectively locating significant peaks (possible clusters) in the dataset. The histogram

(Figure 6.1) displays four strong peaks and a potential 5û peak. The black arrows indicate

strong peaks, while the striped affow shows the possible location of a fifth peak. The

results of the three-dimensional visual interpretation and the histogram indicate that the

K-means cluster analysis should be run specifying 4 clusters.
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I was also interested in the type and distribution of artefacts within each cluster

for the identification of spatial trends. Each individual cluster is queried and selected

points are converted into a separate shapefile. If the archaeological levels are spatially

distinct, then the total artefact distribution should form clusters representative ofeach

level (i.e. each cluster corresponds with I archaeological level). Cluster l, 3 and 4 show

strong associations with levels 2,IY and V/2, respectively. The majority of points in

cluster 2 are identified as archaeological level III, however an almost equal number of

points are from levelll/Z (see below):

Cluster L : 258 points Level If
l0 points Level III
3 points Level IV
I point LevelYl2

Cluster 3 = 38 points Level II
101 points Level III
280 points Level fV
44 points LevelY/2

To view the clusters in 3 dimensions, each cluster shapefile was opened in ArcMap

(ArcGIS) and viewed using the Trend Analysis Geostatistical extension. This also

provides a means of comparing the clusters identified by the K-means program with the

actual archaeologically defined levels as displayed in the two-dimensional western wall

profile. The following figures (6.2a, b, c and d) display the three-dimensional point

distribution for each cluster.

Cfuster 2 : 124 pointslevel II
146 points Level III
58 points Level IV
16 points LevelYl2

Cluster 4 : No Level II
1l points Level III
93 points Level IV
248 points LevelY/2
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elbows along the curve were used to identify drops in the SSE, or non-random clustering

solutions (Koetje 1989: 56). Within each of the three archaeological levels examined

here, the clustering solutions identified at each inflection point along the SSE plot were

visually examined; the spatial distribution and contents of each cluster will be described

below. The k-means cluster analysis of the sampled datasets for levels l,l2,VI and 4 was

performed using a Z expansion factor of 10. Clustering results were subjected to a Chi-

square significance test of individual cluster contents. The results of the cluster analysis

and subsequent statistical testing are presented below for each ofthe 3 archaeological

levels.

6.3.1- LevelnJ?

The K-means SSE plot for the level TIJ2 dataset identified significant clustering

solutions at 3 and 8 clusters (Figure 6.3 below). Cluster solutions can be viewed in a

three-dimensional spinning plot, however the images cannot be presented here. Instead, a

series of horizontal, two-dimensional plots will be presented (see Appendix C). The 3-

cluster solution creates three relatively large clusters of approximately 9nf ,which are

spatially distinct (Appendix C - Figure 1). Cluster 3-l is located in the western section of

the level and contains a total of 68 artefacts within the southwest edge of the excavated

level. Cluster 3-2 contains 70 artefacts and is located in the north-central section of the

level, with materials dispersed towards the centre. Cluster 3-3 occupies the front

(southern portion) of the site and contains 43 artefacts. Cluster 3-3 is also more dispersed.
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Figure 6.3: Sum Squared Error Graph for Level IV2
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The 8-cluster solution creates a series of smaller clusters ranging in size from

approximat ely 2r* ø 4rrf , which demonstrate some degree of overlap at various

locations throughout the level (Appendix C - Figure 2). Cluster 8-l is one of the larger

clusters, approximately 3m2 and contains 35 artefacts. It is located in the southwest

section of the shelter and overlaps considerably with cluster 8-8. An examination of the

distribution of artefacts from cluster 8-l and 8-8 suggests that there is significant overlap

between the two, which may provide evidence of palimpsests when viewed three

dimensionally (discussed in Chapter 7). Cluster 8-2 is located in the northwest, along the
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northern perimeter ofthe site and contains 3l artefacts. Cluster 8-2 is generally spatially

distinct, however, there is slight overlap with cluster 8-7. Cluster 8-3 contains 17 artefacts

and occupies the centre of the southern half of the level. Cluster 8-4 is another large

cluster of 35 artefacts occupying approximately qÍf inthe eastern section of the level.

Cluster 8-4 demonstrates some overlap with cluster 8-7. Cluster 8-5 is located in the

southeast, with a total of 16 artefacts. The materials demonstrate a slight overlap with

cluster 8-4. Cluster 8-6 is a very small, spatially distinct cluster of 4 artefacts with an

approximate diameter of 2nf . Given the size of this cluster, it will be very difficult to

interpret the materials in terms of spatial patterning at the potential location of cultural

activities. Ilowever, the identification of these materials as a separate cluster in the k-

means analysis suggests that there may be an important three-dimensional distinction that

will reveal information concerning the nature of occupation within this level (chapter 7).

Cluster 8-7 occupies the northernmost section of the site, with concentrations along the

northern perimeter. A total of 27 concentrated artefacts are identified as cluster 8-7,

which displays some overlap with cluster 4. Finally, cluster 8-8 is a smaller cluster of 16

artefacts occupying approximat ely 2r# the western perimeter of the level. As mentioned

above, this cluster overlaps cluster 8-1. This relationship will be closely examined in

th¡ee dimensions and the resulting interpretation will be presented (chapter 7).

6.3.1.1 - Significance Testing

Significance tests were performed for pairs of clusters in the 3 and I cluster

solutions for level IV2. Within the 3-cluster solution, none ofthe cluster pairs were able

to reject the null hypothesis at the .05 level of significance (Appendix D - Tables 10-12).
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These results suggest that the contents of each cluster are comparable and represent a

random distribution of find types throughout the site. While the clusters themselves may

be non-randomly distributed, their contents do not permit us to differentiate between

individual clusters.

As outlined in chapter 5, the application of a Chi-square contingency table

requires that the expected values follow a series of recommended criteria. Unfortunately,

the distribution of artefacts in the 8-cluster solution created very small clusters (Cluster 8-

6) and the requirements could not be met for all cluster pairs in the solution. The results

ofcluster pairs 6 (8-1 and 8-7),7 (8-l and 8-8), 12 (8-2 and 8-7), 13 (8-2 and 8-8) and 28

(clusters 8-7 and 8-8) also failed to meet the requirements of the chi-square contingency

table.

A total of 28 cluster pairs were analyzed statistically for the 8-cluster solution

(Appendix D - Tables 13-40). Cluster pairs 3 (clusters 8-l and 8-4), I (clusters 8-2 and 8-

3),17 (clusters 8-3 and 8-7) rejected the null hypothesis at the .05 significance level. The

remaining cluster pairs did not reject the null hypothesis. These results suggest that the

contents of individual clusters within the 8-cluster solution for level IA2 dataset are not

significantly different and artefacts are randomly distributed within clusters.

6.3.2 - Level III

The application of an expansion factor of 10 was applied to the Z coordinates to

improve the formation of clusters in three dimensions. The resulting SSE plot identified

optimal clustering solutions at 2, 4 and 6 clusters @igure 6.4 below). The 2-cluster

solution divides the site into two distinct concentrations; cluster 2-1 occupying the
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Southeast half of the site and cluster IA2 situated in the Northwest half of the shelter

(Appendix C - Figure 3). Cluster 2-l contains 122 artefacts, which are generally

concentrated along the eastern edge ofthe excavation. Cluster 2-2is dispersed across the

back ofthe shelter, containing a total of 126 artefacts.
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Figure 6.4: Sum Squared Error Graph for Level III
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The 4-cluster solution creates four clusters of approximately the same size in

diameter (Appendix C - Figure 4). Cluster 4-l is situated in the eastern section of the site

and contains 66 artefacts. Cluster 4-l also demonstrates a slight overlap of materials with

20
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cluster 4-4. Cluster 4-2 contains 59 artefacts, which demonstrate slight concentration in

the northern section of the excavated level. A total of 60 artefacts are identified as cluster

4-3,located in the western section of the level towards the centre. Cluster 4-4 contains 63

artefacts, which are concentrated in the southeast corner of the excavation perimeter. The

vertical distribution as well as the contents of each cluster will be examined in chapter 7

to determine whether the association of artefacts within clusters is significant for the

identification of activity areas.

Within the 6-cluster solution, clusters 1-5 are approximately the same size in

diameter (approximat ely 4r*), while cluster 6 is comparatively smaller occupying

approximat ely 2Ñ of the excavated level (Appendix C - Figure 5). Cluster 6-1 contains

45 artefacts and is concentrated along the eastern perimeter towards the north. Cluster 6-2

occupies the very back of the cave, (northern section), with 54 artefacts. Cluster 6-2 also

demonstrates a slight overlap with clusters 6-1 and 6-3 towards the centre of the level.

Cluster 6-3 is located in the very centre of the site with 47 artefacts, surrounded by the

other five clusters. There is also considerable overlap between cluster 6-3 and 6-5.

Cluster 6-4 is concentrated in the southeast corner of the site, consisting of 48 artefacts.

Cluster 6-5 contains 40 artefacts in the west. As mentioned above, there is also a

noticeable overlap of materials between cluster 6-3 and 6-5. Finally, cluster 6-6 is located

along the south perimeter, consisting of 20 artefacts. The distribution of cluster 6-6 does

not demonstrate any overlap with the existing clusters in the solution.
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6.3.2.1 - Significance Testing

Significance tests were performed for pairs of clusters in the 2, 4 and 6 cluster

solutions for level III (Appendix D - Tables 4L-62). The results of the Chi-square

contingency table for the 2-cluster solution rejected the null hypothesis at the required .05

level of significance, indicating that the contents of each cluster are significantly

different.

The 4-cluster solution for the level III dataset produced interesting statistical

results (Appendix D - Tables 42-47). Cluster pairs 3 (cluster 4-l and 4-4), 4 (4-2 and  -3)

5 (4-2 and 4-4) and 6 (4-3 and 4-4) rejected the null hypothesis at the .05 level of

significance, indicating that the contents of these clusters are significantly different and

can be interpreted for the possible identification of activity areas'

The 6-cluster solution creates a series of 15 cluster pairs, which were analyzed

using a Chi-square contingency table (Appendix D - Tables 48 to 62). Cluster pair 14

(clusters 6-4 and 6-6) failed to met the requirements for minimum cluster contents

outlined in the methods chapter, as more than20Yo of the expected values are less than 5

and one of the expected values is less than2. Therefore, the result of the chi-square test

for cluster pair 14 is not considered. Cluster pairs I (cluster 6-l and 6-2),4 (6-1 and 6-5),

6 (6-2 and 6-3), and 13 (6-4 and 6-5) did not reject the null hypothesis when tested at the

.05 significance level. The remaining cluster pairs (2, 3, 5,'l-12 and 15) rejected the null

hypothesis at the .05 level of significance. These results of the chi-square test for level III

suggest that it may be possible to interpret the contents of individual clusters in relation

to the organization of activity areas. It will also be necessary to examine the three-

dimensional distribution of clusters to determine whether those clusters with comparable
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contents demonstrate differential vertical distribution and are representative of different

occupational phases.

6.3.3 - Level fV

The K-means SSE plot identified optimal clustering solutions at 3 and 5 clusters

(Figure 6.5 below). The results of this trial will be presented below and the interpretation

of cluster contents will be discussed in chapter 7. The 3-cluster solution divides the site

into three large sections, with clusters in the north, southeast and southwest sections of

the level (Appendix C - Figure 6). Cluster 3-1 contains 84 artefacts and occupies the

southeast section of the level towards the centre of the site. Cluster 3-1 also exhibits some

overlap with cluster 3-3 towards the northern section of the level. Cluster 3-2 consists of

92 artefacts in the western section ofthe level with a diameter of approximately 4nf .

There is a very small overlap of materials between cluster 3-2 and 3-3 within the centre

of the level in the northern half of the level. Cluster 3-3 is the smallest cluster, with a total

of 63 artefacts occupying approximately 6m2 in the northern half of the level.

The S-cluster solution creates a series of clusters that range from approximately

Znf rc 6m2 in diameter and exhibit varying degrees of overlap between individual

clusters (Appendix C - Figure 7). Cluster 5-l contains 42 artefacts located along the

eastern perimeter of the level. Cluster 5-1 also overlaps considerably with cluster 5-2 in

the southeast corner of the site. Cluster 5-2 consists of 32 artefacts located in the south,

towards the centre of the level. The distribution of cluster 5-2 matenals is generally

spatially distinct however, there is distinct overlap of materials with cluster 5-l in the

southeast corner. A total of 58 artefacts are identified as cluster 5-3, which is located
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within the centre of the level. Cluster 5-4 is a comparatively small (3m2) cluster of 35

artefacts located along the northern perimeter of the site. There is also a slight overlap of

materials between cluster 5-3 and 5-4 towards the centre of the site. Finally, Cluster 5-5

contains alarge cluster of 72 artefacts in the western section of the level.
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Figure 6.5: Sum Squared Error Graph for Level IV
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6.3.3.1 - Significance Tests

Chi-square contingency tables were produced for cluster pairs in the 3 and 5

cluster solutions for the level IV dataset. The results of the 3 cluster solution chi-square

tests revealed interesting information concerning the distribution of materials in level IV

(Appendix D - Tables 63-65). None of the cluster pairs were able to reject the null

hypothesis at the .05 level of significance, indicating that the cluster contents of each

cluster in the solution are comparable.

The 5-cluster solution created a total of 10 cluster pairs that were statistically

tested using the chi-square contingency table (Appendix D - Tables 66-75). Cluster pair 3

(cluster 5-l and 5-4) rejected the null hypothesis at .05 significance level, however the

remaining cluster pairs did not. The results of the 3 and 5 cluster solution chi-square tests

may suggest that activities within the shelter were not spatially distinct. As discussed

above, the distribution of clusters also demonstrated varying degrees of overlapping;

therefore, an examination of each cluster in three dimensions may reveal differences in

the vertical distribution of materials, which are indicative of a palimpsest of

archaeological materials.

6.4 - Conclusions

The results of the K-means cluster analysis for the SPSS 10 trial and the

individual level analysis using Kintigh's Tools for Quantitative Archaeology (1994) have

been presented and described. Chapter 7 provides an interpretation and discussion ofthe

results and evaluates the suitability of the K-means clustering program for manipulating

three-dimensional data, while providing a means of statistically testing the accuracy of
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the archaeologically defined levels. Distinct clusters of finds can be identified in all3

archaeological levels. Cluster contents prove significantly different in level III only and

will be interpreted in terms of activity areas.

Chapter 7 provides a detailed discussion of the clustering results for the sampled

datasets of levels lIl2,III and IV. The optimal clustering results of the SSE plots will be

interpreted in three dimensions with the assistance of the ATcGIS trend analysis function.

The horizontal and vertical location of clusters will be examined for the possible

identification of palimpsests. In addition, the artefact contents of individual clusters will

be discussed in combination with the results of the cluster pair chi-square statistical tests

and the spatial distribution of faunal materials and burnt bone materials. Cluster pairs that

rejected the null hypothesis will be interpreted with respect to spatial orgaruzation and the

potential location of distinct activity areas within each level. Cluster pairs that did not

reject the null hypothesis will only be evaluated in terms of interpretations of their

vertical distribution in relation to site topography.
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7.L -lntroduction

The results of the three-dimensional K-means analysis were presented in chapter

six. It is now necessary to interpret the clustering results and statistical significance

testing for the sampled datasets. This will be done using the three-dimensional graphical

capabilities of GIS, which will provide a means of interpreting and discussing the spatial

organization of each level as well as the artefact association within optimal cluster

solutions for the Karabi Tamchin dataset. It also provides an opportunity to evaluate the

effectiveness and suitability of GIS, combined with quantitative analysis, for the

interpretation of three-dimensional datasets.

The results of the SPSS v.l0 trial will be discussed and compared with the

archaeologically defined stratigraphic profile. Next, results of the K-means analysis will

be discussed. The SPSS v.10 K-means analysis identified 4 clusters in the dataset with

distinct vertical clustering, confirming the presence and location of four distinct cultural

levels. In chapter 5, it was determined that archaeological levelY12 and sublevel2-I

would not be suitable for K-means cluster analysis because insufücient materials had

been recorded in three-dimensions across the level. The following discussion will

examine the spatial distribution of optimal cluster solutions identified by the k-means

cluster analysis of levels IAz,m and IV using a Z expansion factor of 10. Each ofthe

three archaeologically defined levels investigated will be examined individually and will

be interpreted to determine whether it is possible to establish behavioural and cultural

interpretations for successive occupation levels at Karabi Tamchin (for example, the

location of hearths and chipping stations within the site).

- Chapter Seven -
Discussion and Interpretation
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Modern thinking regards the archaeological site as a place that was exploited by

people of the past; therefore, it is possible to use variability in the spatial distribution of

finds to interpret the differential organzation of space and the location of unique activity

areas @inford 1996: 229). The archaeological materials recovered from Karabi Tamchin

suggest that tool use and manufacture were activities carried out on site, as well as the

processing of animal remains for consumption. Therefore, it is possible that the

distribution and contents of individual clusters will indicate the potential location of these

activities.

This thesis also aims to develop an innovative method of analysis for the

interpretation of palimpsests, which are present in many prehistoric deposits especially

where small, mobile groups are present (Spikins et aL.2002:1235).If there are

palimpsests present at Karabi Tamchin, individual clusters will demonstrate vertical

overlap when viewed in three dimensions, indicating sediment accumulation between two

or more distinct occupation phases. Furthermore, if site function does not vary or the

orgaruzation of space within the site stays the same over time, the contents of palimpsest

clusters should also be comparable, as they represent a distinct period of occupation,

rather than a specific activity area within alarger spatial occupation (Simek et ql. 1985:

231). Specific activity locations within the occupation area should demonstrate

differences in artefact composition. The possible identification of within-level

palimpsests will contribute to a better understanding of the types of activities and

occupations at Karabi Tamchin and the results will be used to expand the current

understanding of regional occupations of the Crimea throughout the Middle Palaeolithic.
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7.2 - SPSS v. 10 Analvsis

The results of the SPSS v. 10 K-means analysis are now compared with the

stratigraphic profile. If the archaeologically defrned levels have been correctly identifïed,

there should be a strong correspondence between the vertical range of the archaeological

levels and the range of the K-means clusters. Table 7.1, below, displays the Z Value

range for each of the four archaeologically defined levels and for the four clusters:

Table 7.lz Z-Yalue Range for the Archaeologically Defined Levels and SPSS Clusters

ArcView GIS is used to extract points from squares adjacent to the profrle and

calculate the Z value distributions for clusters, as the query function is useful for

selecting specific attributes from a database. The stratigraphic profile (Figure 4.2)

contains information for the western wall of the site for squares 8-I, 8-H, 8-G and 8-F.

Stratigraphic profiles for the eastern, northern and southern walls are presently

unavailable, but should be made available for future analysis.

Lithological and archaeological levels in the site are likely to vary in depth

according to the topography ofthe rock shelter floor (and other topographic features such

as large blocks, etc.). Therefore, a comparison is done along line 8 (square F to I)

between points in the SPSS v.l0 k-means clusters and height values of three-

dimensionally recorded materials from each archaeological level, in order to compare

clusters and stratigraphy. The attribute information for finds in squares 8-I, 8-H, 8-G and

8-F is isolated and used to produce height values for each archaeological level along the
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west profile, using the query function in ArcView. A new shapefile is created containing

only points from line I and the corresponding attribute table. Through a comparison of

the minimum and maximum Z values of clusters along line 8 and the minimum and

maximum Z values for points from the archaeologically defined levels, it is possible to

establish whether the cluster program supports the identification of 4 distinct occupation

levels and whether these correspond to the levels as defined during excavation.

7.2.1 - SPSS v. L0 l(-means Cluster I

Cluster I corresponds with lithological stratum 5, which contains archaeological

level 2-1 andlV2. All of the points assigned to cluster 1 are identi{ied as belonging to

archaeological level 2 along row 8, indicating that there is a strong correlation between

cluster I and level 2. The archaeologists identifïed two sub levels in level 2: level 2-l and

llJL,whichwere identified in separate lithological strata. Archaeological level2-1 is

contained within lithological strata 5a and 5b, which have a vertical range of

approximately l10cm to 140 cm. Level IU?lies in lithostratum 5c (140cm to 153cm).

Some of the points in cluster I fall within the vertical range of strata 5a and b, though

they have been identifred as belonging to archaeological subJevel levelll/2. This finding

may indicate that archaeological levels 2-l and IV2 should be classified together as one

level. Alternatively, this could indicate that a lack of vertical separation (see discussion

below) impedes the use of SPSS v.10 analysis as a means of identifying subJevels.

111



7.2.2 - SPSS v. 10 K-means Cluster 2

Cluster 2 does not correspond as well with archaeological level designations; it

corresponds roughly to level IIL Cluster 2 contains points from levels W2,fi,IV and

Yl2 (Chapter 6 - p. 95). The vertical range for cluster 2 is approximately 147 cmto 164

cm with an average of 153 cm. The west stratigraphic profile indicates that stratum 6a,

located at approximately 147 cm to 164 cm, is associated with archaeological level IIL

The remaining points in cluster 2 fallinto lithological stratum 5c (and are classified as

belonging to archaeological sublevel level IV2) or stratum 6b (and are classified as

archaeological level IV). The vertical distribution of cluster 2 overlaps the vertical

distribution of cluster 1 and cluster 3, which explains this pattern. This suggests that

either SPSS v. 10 is unable to clearly demarcate the archaeological levels because no

expansion factor is used, meaning the resulting horizontal distributions are overshadowed

by the effect ofthe vertical axis in very thin deposits, or that level III (associated with

cluster 2) is ill-defined and may even be a palimpsest.

7.2.3 - SPSS v. 10 K-means Cluster 3

The points within cluster 3 are associated with archaeological levels'IY andYlZ.

Cluster 3 has a vertical range of 164 cm to 184 cm with an average of 176 cm. This

corresponds well with the approximate range for archaeological level IV, which lies in

the lower portion of lithological strata 6b and 7b, although it also includes stratum 7c

(archaeological level V/2). The points in cluster 3 that are identified as archaeological

levelYl? have a vertical range of T72 to 184 cm, which positions them within lithological

stratum 7c (I70 to 189 cm). As discussed in the results for cluster 4 (below), the close
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proximity of lithological strata 6b,7b andTc may have resulted in a mixture of points

from levels IV and Y12 as there is no distinct stratigraphical separation between levels.

Cluster 3 is not present within squares 8-G and 8-F.

7.2.4 - SPSS v. 10 K-means Cluster 4

Cluster 4 has a vertical range of 185 cm to 188 cm, with an average of 186 cm.

This cluster displayed an affinity with archaeological levelY12 in lithological stratum 7c,

which has aZ value range of approximately 184 cm to 191 cm. In addition, most of the

points assigned to cluster 4 were identified as archaeological levelY12, (which lies in

stratum 7c). Not all level V/2 points are identified as cluster 4, as several of them are

assigned to cluster 3 (above) and some to cluster 2. Lithological strata 6b,7b and 7c were

deposited as very thin layers and the SPSS v.10 K-means analysis may have identified

some materials from archaeological level Y12 as cluster 3 due to the proximity of the

lithological levels. Cluster 4 also contains points from archaeological level4.

Lithological strata 6b and 7b are very thin strata containing level IV and stratum 7b thins

out and disappears halfway through the west profile (Chapter Four - Figure 4.2).

Archaeologically defined levels IV and Y12 are positioned directly on top of one another

on the west baulk, which may explain why they were grouped into the same cluster.

Without the application of a Z expansion factor, the distinction between these strata

would be extremely difficult, again demonstrating a potential weakness with the SPSS v.

l0 K-means cluster analysis. Cluster 4 is not present in squares 8-G and 8-F.
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7.2.5 - Conclusions

lithostratigraphic levels, using the stratigraphic profile, shows that the SPSS v.10 K-

means analysis confirms the existence of four distinct cultural levels. The program

identifies four artefact clusters that correspond fairly well with archaeologically defined

levels. However, it is evident that very thin lithological strata interfere with the ability for

the program to clearly distinguish vertical separations (see especially cluster 2 discussion

above). This could be the result of a methodological limitation (i.e. no Z expansion

factor), which is an important consideration at Karabi Tamchin, where archaeological

levels are not separated by thick sedimentary deposits and often lie directly on top of one

another.

A comparison of cluster locations, archaeologically defrned levels and

7.3 - Kintigh's K-means Cluster Analysis

7.3.L -LevelIJ/?

The K-means analysis (with a Z Expansion Factor of 10) identified optimal

clustering solutions at 3 and I clusters for level IV2. These cluster solutions will now be

interpreted, taking the results of the chi-square significance testing into consideration. In

addition, the ATcGIS trend analyst function will be used to analyze individual clusters in

three-dimensions.

Visual inspection of two-dimensional plans indicate that the horizontal

distribution of artefacts throughout levelll/Z is relatively even with a concentration of

materials in the northwest (Appendix B - Figures 1-4). Faunal materials represent more

than half of the total dataset concentrated along the northwest perimeter of the level.
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Stone flakes exhibit a similar distribution. The majority of stone tools are located in the

centre of the level and a few are located in the outer edges of the site. The patterns

observed with the naked eye could result from differential use of space, or they could be

a result of random patterning. The K-means program offers a means of testing whether or

not finds are signifrcantly patterned in their distribution. Once it is demonstrated that

clusters exist, individual cluster contents can be examined and interpreted in terms of

spatial activities within the level.

7.3.1.1- Level IV2: 3-Cluster Solution

The 3 cluster solution consists of three relatively large clusters each containing

bone, stone chips, stone flakes and stone tools. Using Arcview GIS, a two-dimensional

point distribution of clusters was created for horizontal spatial interpretation (Appendix E

- Figure 1). Within the plans, artefacts were colour-coded according to cluster

membership, making it possible to identify the spatial distribution of clusters in relation

to each other. The clusters are spatially distinct, with very little overlap between

individual clusters when viewed in two dimensions. The clusters are located in the west-

the southeast or entrance ofthe shelter and in the back ofthe shelter.

Cluster 3-1 is located in the western section of the shelter; it contains 68 artefacts

and is visually identifrable. Table 7 .2 (below) displays the frequency and percentage

distribution of artefact types within cluster 3-1.
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Table 7.2: Cluster 3-l Artefact Frequency and Percentage Distribution for the Z
Expansion Factor-l0 3 Cluster Solution, LevellV?

Cluster 3-2 occupies the southeast section, and contains 70 artefacts. This cluster

is distributed across a relatively wide area. Visual inspection of level lIJz did not reveal

the presence of cluster 3-2. Table 7.3 (below) shows the frequency and percentage

distribution of artefacts within cluster 3-2. Faunal materials represent approximately 64Yo

of the total distribution, while stone flakes represent 2IYo and stone tools make up the

frnal I4o/o.

Chips and Flakes

Stone Tools

Table 7.3: Cluster 3-2 Artefact Frequency and Percentage Distributionfor theZ
Expansion Factor-l0 3 Cluster Solution, LevelIA2

Cluster 3-3 is located in the northern section of the rock shelter with 43 artefacts near the

back wall. Cluster 3-3 was also not readily identifiable upon visual inspection of the two-

dimensional plots. Cluster contents are listed in Table 7.4 (below):

Table 7.4: Cluster 3-3 Artefact Frequency and Percentage Distributionfor the Z
Expansion Factor-I0 3 Cluster Solution, LevelIUZ
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7.3.1.2 - Significance

The two-way chi-square contingency table showed that none of the clusters in the

3-cluster solution is significantly different in content. There is no burnt bone in Level

[12, so the location of a fire pit or hearth cannot be established. The presence of

carnivores within levelll/Z is attested, including hyena and cave bear @urke In Press).

The relatively uniform distribution of archaeological materials could support the

hypothesis that level IA2was disturbed by carnivores. The cultural distribution of

materials may have been disturbed over time, effectively distorting or destroying the

original spatial distribution of artefacts within the level. Alternatively, as Binford (1996)

suggests, there may be no cultural differentiation of space within the shelter.

TVhen the contents of each cluster are compared through subjective analysis, it is

clear that each has a comparable frequency and percentage ofeach artefact type. Cluster

3-2has the highest percentage of bone and a lower percentage of stone tools and flakes

(though the chi-square test shows that this is not significant). This may provide weak

evidence for the suggestion that the back of the shelter was used for discarding materials,

as the majority of faunal remains at the site would naturally accumulate in these areas

because of food processing, consumption and refuse disposal (see discussion of 8-cluster

solution level below).

When all the lithics are combined into one class, cluster 3-3 has the highest

percentage, with atotal of 46Yo stone artefacts and 54Yo faunal materials. The location of

cluster 3-3 near the front, or entrance of the shelter would also have been a more suitable

location for tool manufacture as compared to the back of the shelter. Furthermore, Level

IIJ2 accumulated at a time when the vertical height of the shelter ceiling may have been
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restricted near the back. Tool manufacture or repair would probably require more

headroom as well as adequate lighting. Therefore the back of the site would probably be

more suited to the deposition of food remains or associated debris, while activities such

as tool making, food preparation and sleeping would have taken place closer to the drip

line, towards the mouth of the shelter.

An investigation of the vertical distribution of the clusters is required for the

evaluation of the three-dimensional relationships between them. The three-dimensional

distribution of the levellU? sampled dataset exhibits a wide vertical range (Appendix F -

Figure l). A small group of artefacts in the deepest part of the level is visibly distinct "

from the majority of materials in the dataset; however, at this level of analysis (three-

cluster solution) this group of artefacts is not statistically different from cluster 3-3.

Th¡ee-dimensional plots were produced for each of the three clusters in the 3-

cluster solution (Appendix F - Figures 2-4) using the Trend Analysis Geostatistical

Function in ArcGIS. IVhen the clusters are examined three-dimensionally, there is very

little vertical overlap indicating that the level is likely a single occupation phase. The

clusters also tend to follow the natural slope of the site, which dips gradually from west

to east and more sharply from the north (back) to south (mouth).

7.3.L.3 - Level IV2: 8-Cluster Solution

The 8-cluster solution for the level ü2 dataset effectively divides the contents of

each cluster in the 3-cluster solution into two or three smaller artefact concentrations. fn

the 8-cluster solution, there is considerable overlap in the two-dimensional plan view

between clusters 8-1 and 8-8, as well as some overlap of clusters towards the centre of
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the level. The spatial distribution of clusters demonstrates that most of the clusters are

located in the centre and front of the shelter, with one cluster at the back (Appendix E -
Figure 2).

The most interesting feature about the 8-cluster solution is the overlap between

cluster 8-1 and 8-8 in the western section of the site. The observed overlap may be the

result of a natural vertical separation (site topography), or the presence of a palimpsest.

The small group of finds, visually identified as spatially distinct but not statistically

distinct in the 3 cluster solution (above), are identifred as a separate cluster in the 8

cluster solution. This could indicate that the 3-cluster solution does not provide a high

enough resolution for interpretation.

Cluster 8-1 is located in the vrestern section of the site and contains 35 artefacts.

The frequency and percentage of artefact types within cluster 8-l are displayed below in

table 7 .5.

Table 7.5: Cluster 8-1 Artefact Frequency and Percentage Distributionfor theZ
Expansion Factor-10 8 Cluster Solution, Levelll/Z

Cluster 8-1 overlaps with the distribution of cluster 8-8 along the western perimeter of the

excavated level, as already noted, which reinforces the impression that this is either a

palimpsest, a small cluster of finds that actually belong in level III, or the result of

carnivore activities mixing the deposits (see below).

Cluster 8-2 is a relatively small concentration of materials lying in the northwest

section ofthe shelter. located horizontallybetween clusters 8-1 and 8-7. Atotal of 31

Chios and Flakes
Stone Tools
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artefacts are identified as cluster 8-2, which contains a variety of faunal and lithic

materials.

Table 7.6: Cluster 8-2 Artefact Frequency and Percentage Distributionfor the Z
Expansion Factor-l0 8 Cluster Solution, LevelIJ/?

Table 7.6 above displays the contents of cluster 8-2. The high percentage of faunal

materials in this cluster indicates that this may be representative of a butchering,

processing or refuse area for faunal materials or a location to discard of materials from

those activities, since it is located centrally but towards the back of the shelter (see

discussion, below).

Cluster 8-3 is a smaller cluster containing 17 artefacts, located in the centre of the

site towards the south. This cluster would probably be identified through visual analysis,

as it is distinctly separated from the surrounding clusters. The frequency and percentage

of artefact types in cluster 8-3 is presented below (Table7.7).

Tabte 7.7: Cluster 8-3 Artefact Frequency and Percentage Distribution for the Z
Expansion Factor-10 8 Cluster Solution, LevelIIJ2

Cluster 8-4 contains a larger concentration of artefacts located centrally, next to

cluster 8-2 towards the back of the shelter. This cluster displays a slight overlap of 4cm

with cluster 8-7 in the horizontal distribution, which may be the result of a natural dip in

Chips and Flakes
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the bedrock. The contents of cluster 8-4 are displayed below (Table 7.8). Faunal materials

are the dominant artefact type in cluster 8-4.

Table 7.8: Cluster 8-4 Artefact Frequency and Percentage Distributionfor theZ
Expansion Factor-I0 8 Cluster Solution, LevellV?

Cluster 8-5 is a small cluster located along the eastern perimeter of the excavated

area. A total of 16 artefacts are identified as belonging to cluster 8-5, which could be

visually identified as a distinct cluster, though hard to differentiate from cluster 8-4 due

to their spatial proximity. Table 7.9 displays the contents of cluster 8-5. Faunal materials

represent halfofthe entire cluster contents.

Table 7.9: Cluster 8-5 Artefact Frequency and Percentage Distributionfor theZ
Expansion Factor-lO 8 Cluster Solution, LevelIAZ

Cluster 8-6 is the smallest cluster in the solution and consists of a vertically

distinct group of artefacts in the southeast section of the level. The 4 artefacts identified

as cluster 8-6 would most likely not be identified as a separate, distinct cluster through

visual inspection of the levellIl2. Table 7.10 below displays the frequency and

percentage distribution of artefact types within cluster 8-6.

Chios and Flakes
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Tabte 7.10: Cluster 8-6 Artefact Frequency and Percentage Distribution for the Z
Expansion Factor-lO 8 Cluster Solution, LevelIU2

The relatively small size of this cluster makes it difücult interpret based on either

the cluster contents, or the horizontal distribution ofartefacts.

A total of 27 arßfacts are identified as cluster 8-7, located at the very back of the

shelter. Table 7.11 (below) displays the frequency and percentage of artefact types:

Stone Tools

Chips and Flakes

Table

Clusters 8-7, 8-4 and 8-2 comprise cluster 3-2 in the 3-cluster solution for level

IV2. Clusters 8-2, 8-4 and 8-7 are collectively dominated by faunal materials, which

suggest that this area (back of the shelter) may have been used for the disposal of bone

refuse (see below).

Cluster 8-8 is located along the western perimeter of level l\l2 and demonstrates

considerable overlap with the contents of cluster 8-l (noted above). A total of 16 artefacts

are identified as cluster 8-8, with faunal materials representing the majority of the cluster

contents. Table 7 .l2below displays the frequency and percentage distribution of artefact

types:

Total
7.11: Cluster 8-7 Artefact Frequency and Percentage Distribution for the Z

Expansion Factor-l0 8 Cluster Solution, LevelIAZ
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faþrcTlZ: Cluster 8-8 Artefact Frequency and Percentage Distribution for the Z

7.3.1.4 - Significance

Based on the small size of clusters in the 8-cluster solution, a chi-square

significance test could not be performed for all cluster pairs, as they did not meet the

requirements outlined in chapter 5. Ofthe 28 cluster pairs that could be analyzed, cluster

pairs 3 (comparing clusters 8-l and 8-4), 8 (8-2 and 8-3) and 17 (8-3 and 8-7) were

determined to be significantly different in contents. The remaining cluster pairs did not

reject the null hypothesis, indicating that they contain statistically similar frequencies of

artefact types. When clusters 8-1 and 8-4 are compared, it is clear that cluster 8-4 has a

greater percentage of faunal materials and stone tools, while 8-1 has a higher frequency

of stone flakes. Cluster 8-4 is located in the centre of the level; while cluster 8-1 occupies

the western section towards the front indicating that knapping took place more frequently

towards the front of the shelter

When clusters 8-2 and 8-3 are compared, there is a higher percentage of faunal

materials in cluster 8-2, while cluster 8-3 has a greater percentage of stone tools. Cluster

8-2 is located along the back wall, while cluster 8-3 is located in the centre of the level

where stone flakes and tools demonstrate the greatest concentration.

Clusters 8-3 and 8-7 were the final pair identified as significantly different in

content. Cluster 8-3 contains a high percentage of stone tools and flakes, with a

Expansion Factor-lO 8 Cluster Solution, LevelIU2

123



comparatively lower percentage of faunal materials. Cluster 8-7 demonstrates the

opposite characteristics, with a greater percentage of faunal materials and very low

percentages of stone tools and flakes. Cluster 8-7 is located at the back of the shelter in an

area of higher artefact concentration, where faunal materials are generally present in

higher frequencies. Conversely, cluster 8-3 is located in the centre of the site, where stone

artefacts tend to dominate.

In summary, stone tools tend to be located in the centre of the level (cluster 8-3)

and stone flakes are more associated with cluster 8-l at the front of the shelter, which

provides evidence that this would be a suitable area for the manufacture or repair of stone

tools. Similarly, the concentration of faunal materials in clusters 8-2 and 8'7 at the back

of the shelter suggests that this area may have been used to dispose of food remains.

Faunal materials and stone tools in 8-4 could support the identification of either bone

refuse disposal or a processing area in the central area of the shelter, as the lower ceiling

would not have been conducive to any activities that required headspace or light.

Sufücient evidence exists to state that the site was used differentially for the disposal of

food waste and tool manufacture. The absence of burnt bone concentrations prohibits the

identification of a frre pit or hearth within the level, making it difficult to determine the

relationship of these activities to activities such as cooking or sleeping.

One of the most interesting features of the levelII{Z 8- cluster solution is the

potential identification of an archaeological palimpsest (Appendix F - Figures 5-12).

There is a visible concentration of artefacts in the western section of the site. While the 3-

cluster solution grouped artefacts in this concentration into one large cluster, the 8-cluster

solution separated this distribution into two smaller overlapping clusters (cluster 8-l and
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S-8). The three-dimensional distributions of these clusters places cluster 8-8 (vertical

range: -128cm to -l37cm depth below datum) directly on top of cluster 8-1 (-l38cm to

-153cm depth below datum) separated by approximately 1 cm of sediment; this suggests

that they share the same horizontal space, but are vertically distinct (Appendix F -

Figures 5 and 12). The contents of cluster 8-l and 8-8 are not significantly different,

supporting the possibility that they may represent two distinct phases of occupation, or

the result of disturbance in the area (possibly due to carnivore activities).

Clusters 8-4, 8-5 and 8-7 are superimposed in the centre of the site, however, the

overlap is most likely a product of the natural slope of the level as inspection of the three-

dimensional plots indicates (bedrock inclines are indicated on the plots) (Appendix F-

Figures 8, 9 and l1). The clusters are not positioned directly above or below one another,

which would indicate successive occupationaVdepositional episodes; instead, only a few

artefacts actually demonstrate overlap.

In conclusion, differential use of space in level TIl2is demonstrated with food

processing debris being tossed towards the back, as well as a central area (cluster 8-4) of

approximat ely aÑ where bone processing may have taken place. Lithic manufacture and

rejuvenation would have taken place centrally towards the front of the shelter (cluster 8-1)'

7.3.2 - Level TTT

The results of the K-means cluster analysis combined with the Z expansion factor-

l0 identified optimal cluster solutions at2,4 and 6 clusters. As mentioned within Chapter

6, the results of the 2-cluster solution were determined to be a product of the nature of the

site formation processes (i.e. slope) and not an accurate representation of the potential
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spatial organzation of activities. Therefore, the results of the 2-cluster solution will not

be considered as part of the discussion.

Faunal materials represent approximately half of the entire dataset, with

distributions concentrated along the outer edges of the level (Appendix B - Figures 5-8).

There are visible concentrations of materials along the eastern and northeast perimeters

however there are very few bones within the centre of the level. The spatial pattern of

stone tools is quite different, with the greatest number of tools concentrated within the

centre of the level. Stone Flakes are generally dispersed throughout the shelter; however,

they are mainly concentrated towards the mouth of the shelter.

7.3.2.I - Level III: 4-Cluster Solution

The arrangement of artefacts in the 4-cluster solution creates 4 concentrations of

relatively similar size, which contain various frequencies of faunal materials, Stone

Tools, Stone Flakes and Chips. The distribution of clusters divides the level into four

sections, with clusters located in the west, north, east and southeast (Appendix E - Figure

3). The spatial distribution of each cluster is generally distinct, however there is

considerable overlap between clusters towards the centre of the level. An interesting

feature of the level III dataset is the visible concentration of materials along the eastern

perimeter of the site. There is also a less obvious concentration, which follows the

northwest perimeter, with a noticeable decline in artefact frequencies across the centre of

the level, from the northeast to southwest.
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Cluster 4-1 is concentrated along the eastern perimeter with a total of 66 artefacts

Two-dimensional visual identification of this cluster is difficult. The frequency and

distribution of artefact types within cluster 4-l are displayed below as table 7.13:

Chips and Flakes

ta¡teffidFrequencyandPercentageDistributionfortheZ

Cluster 4-2 contains 59 artefacts in the northern section of the level, which would

be difficult to identify visually. There are comparatively fewer faunal materials within

cluster 4-2 as compared to the other clusters in the solution and a significantly higher

frequency of stone tools (see Table 7.14 below)'

Expansion Factor-10 4 Cluster Solution, Level IfI

Chips and Flakes

fa¡te Zf¿: Cluster +¿ Artefact Frequency and Percentage Distribution for the Z

Cluster 4-3 is located in the western section of the site, with a total of 60 artefacts.

This cluster is likely identifiable through two-dimensional visual inspection with the

exception of a few dispersed artefacts in the centre. The frequency of artefacts within

cluster 4-3 is quite different from cluster 4-2 (Table 7.15 below)'

Expansion Factor-10 4 Cluster Solution, Level III

Bone
Chips and Flakes

T'u¡teffirequency and Percentage Distribution for the Z

Stone Tools
Total

Expansion Factor-10 4 Cluster Solution, Level Itr

34
l3
13

60

56.7
2t.7
21.7
100.0
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Cluster 4-4 contains 63 artefacts concentrated along the southeast perimeter of the

excavated level, which demonstrates some overlap with cluster 4-1. Table7.16 below

displays the contents of cluster 4-4. There is a noticeable decrease in the number of stone

tools within this cluster.

.ii:i: $Ëêtäötì::il$Þëii

Bone
Chips and Flakes

ta¡teffiFreque'cyandPercentageDistributionfortheZ

Stone Tools
Total

7.3.2.2 - Significance

ßrwïr:t

The Chi-square significance tests for the 4-cluster solution indicated that cluster

pairs 3, 4,5 and 6 rejected the null hypothesis. Cluster 4-1 is not significantly different

from clusters 4-2 and 4-3, however it is significantly different from cluster 4'4. The

frequency and percentage of artefacts in cluste rs 4-2, 4-3 and 4-4 are significantly

different and therefore do not represent random artefact distributions. Cluster 4-2 has the

highest frequency of stone tools located at the back of the shelter, while cluster 4-4 has

the highest frequency of stone flakes and the lowest number of stone tools in the

entrance. Clusters 4-1 and 4-3 contain higher percentages of faunal materials, however,

there are also relatively higher numbers of stone tools compared to cluster 4-4.

A small concentration of burnt bone was identified in the centre of the site

towards the west (Appendix A - Figure 9). While this does not provide direct evidence

for the location of a hearth, it does provide evidence for the use of fire within the level.

The location of the burnt bone concentration in the centre of the site could suggest that

Expansion Factor-10 4 Cluster Solution, Level III

26
JJ

4
63

4r.3
52.4
6.3

100.0
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the vertical height of the shelter may have been greater than in level IIJZ, enabling people

to make full use of the shelter. The high frequency of stone tools and flakes located near

the back of the shelter would support this observation. Stone tools are concentrated in the

area surrounding the location of the burnt bone (cluster 4-3). If the original hearth was

located in this area, the presence of stone tools in association with burnt bone supports

the suggestion that stone tool repair and manufacture took place in this area, requiring the

availability of light and sufficient headroom. Cluster 4-4, in the front of the shelter,

contains very few stone tools, indicating that tool use and manufacture may have been

located towards the back of the shelter. This is also supported by the high frequency of

stone tools and flakes and the small percentage of bone within cluster 4-2. There are very

few faunal materials in the centre of the site. These materials may have been deposited or

cleared towards the walls of the shelter (especially on the eastern side) where they would

be out of the way. Cluster 4-4 also contains the highest concentration of stone flakes,

which may have been discarded as refuse and then deposited or moved towards the edges

of the shelter with the bone refuse.

The three-dimensional distribution of materials in level III demonstrates a

generally concentrated pattern, which follows the natural slope from north to south and

west to east (Appendix F - Figure 13) suggesting they are contemporary, or deposited

within the same occupation period. Visual examination of the dataset also identifies a

small group of artefacts in the deepest section of the level, which appear to be spatially

distinct from the main concentration of materials. While they are visibly distinct at this

level of resolution, they are not statistically distinct. The three-dimensional distribution of

clusters (Appendix F - Figures 14-17) provides minimal evidence of a potential vertical

t29



separation of 2cm between clusters 4-l and 4-4 in the centre of the site. It is difficult to

determine whether the overlap is the result of the natural slope of the site or whether it

represents an actual palimpsest level (Appendix F - Figures 14 and 17). The vertical

distribution of cluster 4-4 also demonstrates some interesting characteristics (Appendix F

- Figure 17), as there appears to be a distinct vertical separation between artefacts in the

cluster, which are evaluated below through the examination of the 6-cluster solution.

7.3.2.3 - Level IIf: 6-Cluster Solution

The 6-cluster solution creates a series of small clusters of comparable size

(Appendix E - Figure 4). The two-dimensional horizontal distribution of individual

clusters subdivides the site into 6 sections, with two clusters in the southeast, one larger

cluster in the north and three clusters, which run across the centre. When contrasted with

the results of the 4-cluster solution, it was determined that clusters 4-l and 4-3 are

divided into three clusters, while cluster 4-4 is separated into 2 individual concentrations.

The 6-cluster solution demonstrate considerable overlap between clusters, especially

towards the centre.

Cluster 6-1 is located along the eastern perimeter of the level and contains 45

artefacts. The cluster would probably be identifiable through visual inspection. Table

7.17 (below) displays the distribution of artefact types within cluster 6-1. Faunal

materials represent approúmately half of the total cluster contents.
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ta¡te Z.tZ: Cluster 6-l Artefact Frequency and Percentage Distribution for the Z

Cluster 6-2 contains 54 artefacts located centrally, in the northern section (back of

the shelter). Visual inspection of level III did not identify the presence of cluster 6-2.

There is also some potential overlap with clusters 6-1 and 6-3 in the centre of the level.

There is a comparatively lower percentage of faunal materials in this cluster (Table 7.18

below).

Expansion Factor-10 6 Cluster Solution, Level III

Tabte ZJS: Cluster 6-2 Artefact Frequency and Percentage Distribution for the Z

Cluster 6-3 is located in the centre of the level, with 4I arhefacts within the

western and eastern sections of the cluster distribution. This cluster was not visibly

distinguishable as a distinct cluster. There is also a considerable degree of overlap with

cluster 6-2 and6-5. The distribution of artefact types is displayed below in Table 7.19:

Expansion Factor-10 6 Cluster Solution, Level III

tabte ilg: Cluster 6-3 Artefact Frequency and Percentage Distribution for the Z
Expansion Factor-10 6 Cluster Solution, Level Itr
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Cluster 6-4 contains a total of 48 artefacts in the southeast corner of the level.

This cluster is easily identified by visual inspection; however, it would probably be

combined with artefacts from cluster 6-6, as there is a slight overlap of artefacts. This

separation suggests that the k-means program identified an important vertical distinction'

Within cluster 6-4, faunalmaterials represent the majority of the artefacts (see table 7.20

below) and there are comparatively few stone flakes and only one stone tool'

fa¡te ZM Frequency and Percentage Distribution for the Z

Cluster 6-5 contains 40 artefacts in the western section of the level and is visibly

identifiable. The contents of cluster 6-5 are displayed in Table 7.21 (below):

Stone Tools

Expansion Factor-10 6 Cluster Solution, Level III

Chips and Flakes

ta¡le ZZt: Cluster O¡ Artefact Frequency and Percentage Distribution for the Z

Cluster 6-6 is the smallest cluster in the solution, located along the southern

perimeter of the level, with a total of 20 artefacts. Visual identification combines the

distribution of cluster 6-6 with cluster 6-4 to form one larger cluster. Cluster 6-6

demonstrates a unique distribution of artefacts. While the cluster is comparatively small,

there are very few faunal materials within the cluster and a significantly higher

percentage of stone flakes (see table 7.Z2below).

Stone Tools

Expansion Factor-10 6 Cluster Solution, Level III
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Table 7.222 Cluster 6-6 Artefact Frequency and Percentage Distribution for

Stone Tools

7.3.2.4 - Significance

The results of the Chi-square significance tests for the 6-cluster solution indicate

that the contents of cluster 6-l are significantly different from clusters 6-3, 6-4 and 6-6;

cluster 6-2is significantly different from clusters 6-4, 6-5 and 6-6 and the contents of

cluster 6-3 are statistically different from clusters 6-4,6-5 and 6-6. Cluster 6-6 is

signifïcantly different from all other clusters in the solution.

A comparison of the contents of individual clusters in the solution indicates that

cluster 6-2hasthe highest frequency of stone tools. There is also a high frequency of

stone flakes and stone tools within cluster 6-3. Cluster 6-4 has the highest frequency of

bone, however, it also has the lowest number of stone tools. As indicated by the results of

the chi-square test, the contents of clusters 6-l and 6-5 are generally comparable; both

contain higher percentages of faunal materials. Cluster 6-6 contains the lowest percentage

ofbone and the highest percentage ofstone flakes.

Those clusters with the highest frequency of stone tools and lower bone counts

(clusters 6-2 and 6-3) are located within the centre of the level, while clusters with higher

percentages of bone (clusters 6-1,6-4 and 6-5) are positioned towards the outer edges of

the excavated level. Cluster 6-6 presents a completely different configuration, with stone

Expansion Factor-10 6 Cluster Solution, Level III
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flakes representing the highest frequency of artefacts in the cluster; it is located at the

front of the shelter.

Clusters 6-2, 6-3 and 6-5 are located around the burnt bone concentration

mentioned above (Appendix A - Figure 9). Their spatial separation suggests that there

were several activity areas at the centre of the occupation. The higher frequency of stone

tools and flakes in cluster 6-2, near the back of the shelter, suggests that tools may have

been manufactured or repaired in this location. The presence of stone tools associated

with burnt bone suggests that individuals positioned themselves around the fire while

working in order to obtain heat and light.

The absence of faunal materials in the centre of the site and the higher frequency

towards the edges suggests that refuse may have been deposited or pushed towards the

walls of the shelter. It is also possible that animals were processed in these areas away

from the centre of the level, where activities such as cooking and sleeping could have

occurred. This is further supported by the fact that bone and stone flakes are present in

greatel frequencies in clusters 6-4 and 6-6. As described previously, stone flakes and

faunal materials demonstrate the same pattern of spatial distribution, with concentrations

occurring on the edges of the site, supporting the suggestion that the outer edges of the

shelter were used for refuse disposal.

The three-dimensional spatial distribution of the 6-cluster solution revealed the

potential presence of a palimpsest (Appendix F - Figures 73,18-23). The distribution of

artefacts is generally concentrated, however, there is a small group (cluster 6-6) of

vertically distinct artefacts (Appendix F - Figure l3). Cluster 6-4 demonstrates horizontal

overlap with cluster 6-6, with a vertical separation of approximafely 2 cm between them.
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The remaining clusters in the 6-cluster solution follow the natural slope of the

level IfI distributions, with a little overlap occurring in the centre of the site. The two-

dimensional (horizontal) distribution makes it appear that 6-3 and 6-5 overlap

considerably. Upon examination in three dimensions, this overlap is still visible, but it

can be explained as a product of the natural slope of the site.

In conclusion, cluster analysis has revealed differential use of space in level III.

Bone refuse and debris are distributed along the outer edges of the site (clusters 6-1, 6-4

and 6-5), while bone processing (clustet 6-2 and 6-3) may have taken place in

conjunction with tool making (cluster 6-2) around the hearth, located centrally towards

the mouth of the shelter.

7.3.3 - Level fV

Optimal cluster solutions are identified at3 and 5 clusters for level IV. Level IV

presents a challenge with respect to the analysis of the spatial patterning of artefacts. The

natural process of brecciation, i.e. carbonate cementation of materials has occurred at

varying degrees across level IV (Yevtushenko et al. In Press a and b). In addition, the

two-dimensional horizontal distribution of the level IV dataset suggests that

archaeological materials in the southeast and western sections may not have been

completely excavated (Appendix B - Figures 9-12). There is a significant concentration

of artefacts along the eastern and southern baulks indicating that the distribution

continues past the excavated area. This is a boundary problem for spatial analysis, which

relates to the chapter 2 discussion. It is necessary to consider this sampling problem when

interpreting the contents ofclusters in these areas.
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The horizontal distribution of archaeological materials demonstrates unique

spatial patterning with respect to artefact type. Faunal materials represent approximately

half of the entire dataset. Materials are generally dispersed throughout the level with

greater concentrations towards the outer edges of the east and west sections (Appendix

B- Figure 12). There are comparatively few fauna within the centre of the site, with a

complete absence of materials within the south-central section. The concentration and

distribution of stone flakes demonstrates a more random distribution throughout the level,

with the majority of artefacts dispersed throughout the southern half of the site (Appendix

B - Figure 1l). The spatial relationship between faunal materials and stone flakes is

similar to level III (discussed above).

The horizontal distribution of stone tools appears to be random when compared to

the distributions of faunal materials and stone flakes (Appendix B - Figure 10). There is a

visible concentration of tools in the southwestern section of the site as well as a group of

6 tools, which are spatially distinct in the northern section of the level.

7.3.3.L - Level fV: 3-Cluster Solution

The 3-cluster solution creates a group large clusters, which are relatively equal in

size and spatial distribution, containing a variety of faunal materials, stone chips, stone

flakes and stone tools (Appendix E - Figure 5). The position of clusters within the level

subdivides the site into northern, southwest and southeast sections. Clusters 3-1 and 3-3

are visibly dispersed while cluster 3-2 appears more concentrated.

Cluster 3-1 contains a total of84 artefacts and is located in the southeast part of

the level. This cluster occupies alarge space of approximately 9 r* andis relatively
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diffiise. Cluster 3-1 would probably be visually identified as a series of small, spatially

distinct clusters, rather than one large concentration. Cluster 3-1 also demonstrates

horizontal overlap with cluster 3-3 in the centre of the level, towards the back. Table7.23

(below) displays the frequency and percentage distribution of artefact types within cluster

3-1:

ta¡te Z2¡: Clusær ¡-l Artefact Frequency and Percentage Distribution for the Z

Cluster 3-2 contains a total of 92 artefacts located in the western section of the

level. This cluster is the largest cluster in the solution and consequently the most spatially

concentrated. Cluster 3 -2 is easily distinguishable through two-dimensional visual

inspection as the majority of artefacts within the cluster are spatially distinct and

concentrated. Table 7.24 (below) displays the contents of cluster 3-2:

Stone Tools

Expansion Factor-10 3 Cluster Solution, Level IV

ta¡te Z:¿: Cluster: -2 ArtefactFrequency and Percentage Distribution for the Z

Cluster 3-3 is the smallest cluster in the solution, with a total of 63 artefacts

located in the northern part of the level. The cluster would most likely be identified

through visual inspection, as it is spatially distinct from the other clusters in the solution.

The frequency and percentage of artefacts within cluster 3-3 are unique when compared

with the other clusters in the solution (Table 7.25 below).

Stone Tools

Expansion Factor-l0 3 Cluster Solution, Level IV
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Expansion Factor-l0 3 Cluster Solution, Level IV

7.3.3.2 - SignifÏcance

Bone
Stone Flakes

TableffirequencyandPercentageDistributionfortheZ

Stone Tools
Total

The Chi-square significance tests determined that none of the clusters in the 3-

cluster solution level are significantly different in content. This means that the contents of

each cluster in the solution are comparable and represent a random distribution of

artefacts. It could indicate that activities within the shelter are not spatially distinct (see

Binford 1996). If small groups or individuals continually occupied the shelter over a

period of time, the spatial distribution of artefacts would display concentrations of small

assemblages containing the same variety of artefacts (Simek et al. 1985:231). Clusters 3-

2 and3-3 occupy relatively large area of approximately 6m2, which means that they

could represent a series of ephemeral occupations.

While the statistical results determined that there was no significant difference

between the contents of individual clusters in level IV at the three-cluster solution level,

it is possible to make some general observations about the distribution of materials across

the level. Faunal materials and stone flakes are generally concentrated towards the outer

perimeters, with the exception of cluster 3-3, where stone tools are located along the

northern perimeter. The majority of stone tools appear to be concentrated in the centre of

the site towards the western section of the level. There is a marked separation between

the distribution of stone tools across the site and the small concentration of tools in

35

20
8

63

55.6
31.7
12.7

100.0
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cluster 3-3. This could support the interpretation of the three clusters as individual

occupations (containing similar artefacts).

Burnt bone was recovered from level IV, with one large concentration in the

centre of the shelter towards the west (Appendix A - Figure l0). This does not mean a

hearth was located there, however it does indicate that fire was being used at the shelter

during the time of deposition of level IV. The large concentration of burned bone in the

centre of the site suggests that this location would be the most probable hearth location.

Smaller concentrations surïounding this area suggest that the shelter was perhaps used

more than once. As mentioned above, stone tools are concentrated centrally, towards the

west and a fire would have provided light and warmth.

When the artefact distribution for level fV is compared with the stratigraphic

profile of the west wall, it is clear that the lithological strata containing level IV slope

from north to south (Chapter Four - Figure a.2). The distribution of the level fV dataset

(e.g. small overlap of clusters 3-l and 3-3) follows the natural slope of the shelter floor at

the time of deposition, prior to the accumulation of successive layers of eboulis

(Appendix F - Figure 24).

The three dimensional distribution of the 3-cluster solution displays relatively

concentrated, spatially distinct artefact clusters (Appendix F - Figures 25-27). Within the

horizontal profile (Appendix E - Figure 5) overlap was identified between clusters 3-1

and 3-3, however a three-dimensional comparison of these clusters suggests that the

overlap is the result of nafural slope, as the clusters do not demonstrate successive

deposition (one cluster above the other).
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7.3.3.3 - Level fV: S-Cluster Solution

In the 5-cluster solution, the 3-cluster solution is further divided into smaller

artefact concentrations, which are more spatially distinct (Appendix E - Figure 6). The

contents of cluster 3-1 and 3-3 are divided into two smaller clusters, while the original

distribution of cluster 3-2 stays the same. There is also visible overlap between some of

the clusters in the solution, suggesting that there are unique vertical relationships that are

worth exploring in a three dimensional analysis.

Cluster 5-1 is located along the eastern edge of level IV, with a total of 42

artefacts. There is considerable overlap between cluster 5-1 and 5-2inthe southeast

corner. Cluster 5-1 would likely be visually identifiable as a distinct cluster. The contents

of cluster 5-l are displayed below (Table 7.26):

f an|p- l.Z6: Cluster 5-1 Artefact Frequency and Percentage Distribution for the Z

Cluster 5-2 is the smallest cluster in the solution, consisting of 32 artefacts,

located along the southern perimeter. This cluster is spatially distinct and would likely be

visually identifiable. Table 7.27 (below) displays the contents of cluster 5-2, including

the frequency and percentage ofeach artefact type.

Stone Tools

Expansion Factor-10 5 Cluster Solution, Level IV

Chios and Flakes

Table I elz Ctuster 5-2 Artefact Frequency and Percentage Distribution for the Z
Expansion Factor-10 5 Cluster Solution, Level IV
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Cluster 5-3 contains 58 artefacts located in the centre of the level. This cluster

occupies alarge space and demonstrates considerable overlap with cluster 5-4. Visual

identification of the cluster in two dimensions would be difficult. As indicated by Table

7.28 (below), cluster 5-3 contains a high frequency of stone flakes.

Table 7.28: Cluster 5-3 Artefact Frequency and Percentage Distribution for the Z
Expansion Factor-10 5 Cluster Solution, Level IV

A total of 35 artefacts were identified as cluster 5-4, located in the northern

section of level IV. As mentioned above, cluster 5-3 and 5-4 overlap each other. These

clusters would most likely be visibly identified as one large cluster. Table 7.29 below

includes the frequency counts and percentage of each artefact type within cluster 5-4.

Table 7.292 Cluster 5-4 Artefact Frequency and Percentage Distribution for the Z
Expansion Factor-10 5 Cluster Solution, Level IV

Cluster 5-5 is the largest cluster in the solution, located exclusively within the western

half of level IV. A total of 72 artefacts were identified as cluster 5-5, which demonstrates

the greatest degree of clustering and would most likely be visually identified. Faunal

materials represent just over half of the cluster, with approximately 53Yo (Table 7 .30

below):

Bone
Stone Flakes
Stone Tools
Total

i;#nuUtümwäffi üIirrtiiit;iiilÈËcffii*$.tufi ,Sut'f ü
19

10

6

35

54.3

28.6
t7.l

100.0
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tanteffifactFrequencyandPercentageDistributionfortheZ

7.3.3.4 - Significance

The results of the chi-square significance tests determined that clusters 5-1 and 5-

4 are significantly different. Each of the remaining cluster pairs in the 5-cluster solution

is statistically similar. A comparison of the contents of cluster 5-l and 5-4 indicates that

cluster 5-1 contains only 1 stone tool; however, it has a very high percentage of stone

flakes. The percentage of stone flakes within cluster 5-4 is considerably lower, but also

has a much higher percentage of faunal materials and stone tools. Cluster 5-1 is located

along the eastern edge, suggesting that it may continue beyond the limits of the

excavation. It is difücult to interpret the contents of this cluster in terms of occupational

activities without knowing the true eastern boundary of the level, however, it clearly

contains refuse from tool making and/or rejuvenation. Cluster 5-2 also appears to extend

past the southern perimeter of the excavated area. The southern excavation boundary

marks the probable entrance of the rock shelter, while the bench in front of the shelter has

experienced considerable erosion. These clusters are clearþ truncated, therefore, an

interpretation of clusters 5-l and 5-2 will not be developed further.

Faunal materials in level IV generally exhibit concentrations towards the outer

edges of the level, specifically in the northwest. This is supported by the location of

cluster 5-4, which has the highest percentage of faunal materials. Stone flakes and stone

Expansion Factor-l0 5 Cluster Solution, Level IV
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tools demonstrate higher concentrations throughout the centre of the level, where there

are notably fewer faunal materials. Stone tools also exhibit a small concentration in

cluster 5-4 atthe back of the shelter.

A large quantity of burnt bone was recovered from level IV and the greatest

concentration is located in the centre of the shelter towards the west (Appendix A -

Figure 10). This is the most probable location for a hearth, however, smaller

concentrations in the surrounding area may provide evidence of successive occupations at

various locations within the shelter. The distribution of burned bone differs within levels

3 and 4 andtherefore further suggests that the nature of these levels is different.

The three-dimensional distribution of the S-cluster solution supports the possible

interpretation of clusters 5-4 and 5-5 as the result of separate depositional events

(Appendix F - Figures 28-32). There is vertical separation of approximately 13 cm

between these clusters in the western section of the level. There is also a vertical

separation of approxim ately 4 cm between clusters 5- I and 5-2 in the southeast corner of

level IV (Appendix F - Figures 28 and 29). This is indicative of successive occupations

rather than contemporary deposition, however the total extent of the artefact distribution

in this area is unknown.

Clusters 5-2 and 5-3 are positioned along the natural slope of the site, with cluster

5-3 located at a higher position than 5-2 (Appendix F - Figures 29 and 30). Therefore, the

overlap is probably indicative of natural site formation processes. As discussed

previously, the limitations associated with the spatial distribution of cluster 5-2 along the

southern perimeter of level IV prohibit further examination of this relationship. The
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inclusion of additional datathrough continued excavation would likely modify current

cluster distributions, as the position of the cluster centroids would change.

Cluster 5-3 and 5-4 also demonstrate a slight overlap. Cluster 5-4 contains a

unique mix of stone tools and flakes for this level, which is associated with a

concentration of burnt bone in the northern section of the site. When the three-

dimensional distribution of cluster 5-4 is examined, there is a clear vertical separation of

approximately 3 cm between it and the remaining clusters (Appendix F - Figure 31). This

supports the possibility that cluster 5-4 is representative of a separate depositional event,

although it does follow the natural slope of the distribution. The significance test also

determined that these clusters were statistically identical, further suggesting that they are

representative of two unique depositional events.

Finally, cluster 5-5 is comparatively large, representin E an arca of approximately

6m2 and demonstrates spatial segregation in all three dimensions, suggesting that it may

represent either a distinct occupational episode or a spatially discrete area of the site, the

function of which is not discernable as cluster contents are statistically identical to other

clusters (Appendix F - Figure 32).Inconclusion, the results of the k-means analysis for

level IV produced distinct three-dimensional patterns in the dataset, which are best

interpreted as a palimpsest deposit.

7.4 - Conclusions

On the basis of the foregoing discussion, a general pattern emerges whereby the

back ofthe shelter and the peripheries ofthe excavated area seem to have been used

consistently as refuse discard areas. Tool working seems to occur centrally and towards
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the shelter entrance, while bone processing and tool use areas are distinguishable in levels

lIl2 and3, with the area in level 3 occurring near a putative hearth.

As discussed in chapte r 2, the investigation of spatial organzation in Middle

Palaeolithic occupations has resulted in an important debate comparing the behavioural

organization ofNeanderthals with that of modern humans @inford 1996;Mellars 1996;

pettitt 1997;Vaquero and Pasto 2}Ol;Vaquero 1999). While anatomically modern

humans demonstrate unique spatial organzation of activities around a central hearth,

claims for the absence of such organization in Neanderthal sites has been interpreted as

evidence for only a very basic degree of spatial organization @inford 1996).

The results of the Kintigh's K-means cluster analysis discussed above provide

sufficient evidence for the differential use of space within levels 2.2 and 3 at Karabi

Tamchin. In both levels, there is a distinction between potential areas of refuse disposal

(back and periphery of the shelter), bone processing and tool use/manufacture (centrally

and at the shelter entrance), that suggests that individuals were performing activities in

specific areas of the shelter. This indicates that Neanderthals were organizing their

activities within the shelter, in direct contradiction to Binford's (1996) claims.

Researchers have also suggested that the use of space by non-human carnivores

and Neanderthal populations is comparable (Pettitt 1997); however, evidence from

Karabi Tamchin indicates that adistinction can be made. Within levelIVZ, the presence

of carnivores has been confrrmed by the archaeologists @urke In Press; Yevtushenko e/

al. In Press a), indicating potential post-depositional disturbance of cultural materials.

While it is possible that carnivores have disturbed the cultural patterns, areas of tool use

and manufacture could still be identified in level IV2. Further support for a distinction
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between carnivore and hominid patterns at Karabi Tamchin is provided by the presence

of burned bone concentrations in levels III and IV. As suggested by Vaquero and Pasto

(200 1 : l1lg), comparisons between non-human carnivores and Neanderthal populations

do not consider the significance of hearths, which demonstrates complex cognitive

capability comparable to modern human behaviour (based on ethnoarchaeological

evidence), which cannot be associated with non-human carnivore behaviour. In level 3,

the presence of burned bone is associated with a potential bone processing area, which

can be distinguished from refuse areas. This evidence also refutes Binford's (1996)

suggestion that Neanderthals do not demonstrate differential use of space within hearth-

related assemblages.

Burned bone concentrations were also identified in level IV, however the k-means

cluster analysis suggests that level IV is a palimpsest within which special activity areas

could not be identified. The process of carbonate cementation (brecciation) identified in

level IV has also affected the distribution and recovery of archaeological materials, which

means that the original patterning may no longer be distinguishable (Kroll and Price

1991: 197). The presence of a palimpsest in level IV at Karabi Tamchin does not indicate

that individual occupations lacked complex spatial organization, but rather that horizontal

spatial patterning has been obscured by a series of overlapping ephemeral occupations.

The accumulation of debris from short-term occupations would have been minimal,

making it difücult to identifr specific activity areas due to sample size'

The organi zationof space within Middle Palaeolithic sites has also been

interpreted as a pragmatic response to the environment, rather than evidence for cognitive

or social complexity in Neanderthal populations (Mellars 1996). In other words, once
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again, Neanderthal assemblages would demonstrate patterning similar to that of non'

human carnivores and natural site constraints would dictate the division of activity areas

into areas used for living and refuse disposal (Mellars 1996:311). Vaquero (1999) argues

that all human behaviour is naturally pragmatic. It is possible, therefore, that spatial

patterning does not constitute a sound basis for establishing cognitive complexity.

Nevertheless, the results of this research demonstrate intraJevel spatial patterning, which

is clearly distinct from non-human carnivore behaviour. Activity areas are located

centrally, in proximity to potential hearth locations, while refuse areas tend to be located

towards the back of the shelter. This pattern is a logical (and indeed, pragmatic)

arrangement of activities within a confined space, which would likely be employed by

modern humans under similar constraints; therefore, it does not provide evidence against

cognitive complexity in Middle Palaeolithic populations.

Evidence for the organization of space by prehistoric hominids presented above,

suggests that further investigation and interpretation of spatial patterning within cave and

rock shelter sites is necessary in order to test the hypotheses advanced by Binford, Pettitt

and Mellars, respectively. As demonstrated by this research, consideration of the nature

ofthe occupations, as well as potential post-depositional disturbances must be

incorporated into the analysis before the structure of spatial organization can be identified

with confidence and interpreted. This is best conducted using three-dimensional analysis,

assisted by the use of GIS.
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8.1 - Introduction

Palaeolithic archaeology provides important opporhrnities to study the behaviour

of prehistoric populations. The spatial analysis of cave and rock shelter sites offer

opportunities for identiffing the types of activities that took place within them. In turrL

this information can be used to test theories relating to the social and cognitive

complexity of pre-modern hominids. Palaeolithic sites are often stratigraphically

complex, representing a series of individual occupations. Therefore, the application of an

appropriate, statistically based methodology is necessary. The results of this research

prove the effrcacy of combining Kintighs k-means cluster analysis and Geographic

Information Svstems.

- Chapter Eight -
Conclusions

8.2 - Spatial Organization at Karabi Tamchin

The k-means analysis of three archaeologically defined levels at the Middle

Palaeolithic site of Karabi Tamchin (presented in Chapters 6 and 7) identified discrete,

statistically significant clusters, which could be used to interpret spatial organization.

Occupations at Karabi Tamchin were generally short-term and resulted in the deposition

of a small number of artefacts. In archaeological levels lUZ and III, the hominid

inhabitants used the outer edges of the shelter for the disposal of refuse, while the centre

of the site was used for activities including bone processing and tool manufacture and/or

rejuvenation. In level m, the presence of burnt bone materials associated with a bone

processing area \ryas identified on the basis of faunal materials identified. It was
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accompanied by significant numbers of tools (clusters 6-2 and 6-3, 6-cluster solution),

which suggests that bone processing occurred in proximity to a hearth. Despite probable

carnivore disturbance, it was still possible to distinguish activity areas based on

differential artefact distributions in levels W2 and III. Level IV could not be interpreted

in terms of activity areas; instead, artefact distributions indicate the probable presence of

palimpsests, demonstrating a small succession of at least two distinct, short-term

occupations with statistically similar, vertically separated deposits.

8.3 - Three-Dimensional Spatial Analysis

One ofthe primary goals outlined at the beginning of this thesis was the

implementation and evaluation of an effective method of three-dimensional spatial

analysis. The SPSS v.10 and Kintigh's k-means programs were selected for quantitative

analysis and combined with GIS for visual display. The results of the SPSS v.10 analysis

produced clusters that are generally representative of the stratigraphic profile for the west

wall; however, several important limitations associated with the procedure became

apparent. First, the SPSS v.l0 k-means cluster program requires the user to identifr and

define the number of clusters present in a dataset. This forces the data distribution to

conform to a set number of clusters, without consideration of the natural clusters. While

this is appropriate for some types of data, it means that for the purposes of this research,

the program could only be used to verify the archaeological strata, but could not provide

a true test of their statistical validity.

Second, an additional limitation of the SPSS v.l0 k-means program concerns its

application for datasets where stratigraphic separation between levels is poor. The
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program makes an assumption of equal variance in all three dimensions, which is invalid

in many archaeological situations where limitations along theZ-axts are greater than

limitations on either the X or Y-axis. At Karabi Tamchin, for example, lithological strata

are very thin and the archaeological levels used in this research are not separated by

thick, sterile deposits. The results of the SPSS v. 10 analysis show that complex

stratigraphy influences the archaeologist's ability to distinguish natural vertical

separations in the dataset. The SPSS k-means program can be used as a general check of

the archaeological levels, but it is not an effective method for the analysis of complex

stratigraphy.

Kintigh's (1994) Tools for Quantitative Archaeology offers several improvements

over the SPSS v.l0 program. While SPSS v.l0 requires the user to define the number of

clusters in the solution, Kintigh's (1994) program searches for statistically significant

clusters in the dataset within a specified cluster range (e.g. I to 20 clusters). This process

allows the program to identify optimal clustering solutions at various levels of resolution

based on the natural distribution of archaeological materials. While the SPSS v.10 can be

used where clusters are readily identifiable with the naked eye, Kintigh's program can be

used in large,complex datasets where visual interpretation is difficult.

Kintigh's (1994) k-means analysis also improves the three-dimensional analysis

of clusters through the application of a Z expansion factor, creating a dataset with equal

consideration in three dimensions . The Z expansion factor permits the identification of

discrete clusters in the dataset, as well as vertical separations between clusters for the

identification of successive occupations within palimpsest deposits, which is an important

advantage over the SPSS v.10 program.
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The results of this research demonstrate that the flexibility ofKintigh's k-means

analysis can provide an appropriate method for examining spatial structure in three-

dimensions. Through modification of the Z coordinates, it is possible to adapt the

program to situations where archaeological deposits are difficult to interpret in the field,

identifying discrete horizontal and vertical trends in the dataset. In the case of Karabi

Tamchin, a Z expansion factor of 10 proved effective.

8.4 - K-means and Geographical Information Systems

The results of the three-dimensional analysis support the use ofthe k-means

cluster analysis in combination with Geographical Information Systems for the evaluation

of three-dimensional data. A¡cView 3.2 and AToGIS were used in this research as

adjuncts to the k-means analysis, providing an effective means of viewing cluster

locations relative to one another and aiding in their interpretation. Many of the clusters

identified by the k-means program could not be distinguished by simple visual

inspection. Visualization can be used as an initial examination of the dataset; in situations

where the vertical distribution of materials is complex, however subjective interpretations

can be deceptive. The k-means program demonstrates its strength for the quantitative

identification of cultural levels in a larger dataset, providing a method that is reliable and

replicable. When this is combined with the impressive graphical capabilities of three-

dimensional GIS, it is possible to reproduce and interpret artefact distributions.

The incorporation of GIS into spatial analysis also facilitates the evaluation of

intra-level distributions through complex data-handling capabilities. While artefact

distributions can be analyzed using conventional paper maps, digital maps can be linked
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with a relational database that includes relevant attribute data þoint location, artefact

type, coordinates, etc.). This information can be used to identify and interpret various

characteristics of the dataset, improving the ease and effectiveness of analysis and

interpretations. While k-means analysis identifies statistically significant artefact

concentrations, the visualization of cluster distributions in three dimensions is paramount

to the discovery of distinct vertical trends.

8.5 - Contributions to Archaeology

The results of the level-byJevel intra-site spatial analysis at Karabi Tamchin

provides evidence that Neanderthals were making differential use of space for the

performance ofvarious activities within the shelter. The use of fire and the segregation of

refuse and activity areas in the shelter are attested, contributing to the current debate

concerning the relative cognitive complexity of prehistoric hominids. While researchers

have suggested that it is difücult to discriminate Middle Palaeolithic hominid occupations

from those of non-human carnivores (Mellars 1996;Pettitt 1997), this research provides

evidence that a distinction is possible. The presence of burnt bone and stone tools within

archaeological levels at Karabi Tamchin demonstrates a level of behavioural complexity

that is distinguishable from non-human carnivores. As discussed in Chapters 2 and'l ,

comparisons between non-human carnivores and Neanderthals must consider hearth-

related assemblages, which cannot be attributed to occupation by non-human carnivores

(Vaquero 19991' Vaquero and Pasto 2001).

Researchers have suggested that spatial patterning within Neanderthal

occupations is the result of pragmatic responses to the environment and does not
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demonstrate cognitive complexity (Mellars 1996). At Karabi Tamchin, activity areas are

located centrally, while refuse areas tend to be located near the edges of the shelter.

While these activities can be distinguished from non-human carnivores, their

arrangement supports pragmatic use of space, which is comparable to modern human

behaviour. While it is possible to differentiate between non-human carnivore and

Neanderthal spatial orgaruzation, the results of this research cannot be used to interpret

cognitive complexity. Further investigation and interpretation are necessary to contribute

to current hypotheses regarding the use space in Middle Palaeolithic populations.

Finally, the spatial complexity associated with Palaeolithic occupations, resulting

from processes such as post-depositional disturbances and the presence of palimpsests,

suggests that continued investigation and methodological refinement are necessary. This

research demonstrates that the combined application of k-means and GIS is an innovative

step towards such a methodological refinement. Spatial analysis in archaeology has

generally been limited to investigations of two-dimensional horizontal distributions, or

the incorporation of a third dimension into two-dimensional interpretations. The

distribution of archaeological materials at Karabi Tamchin illustrates the importance of

true, three-dimensional investigations, which can reveal phenomena in the data that

cannot be identified through two-dimensional analysis. The successful application of GIS

highlights its potential for archaeological applications. While it has generally been

restricted to predictive modelling, continued, varied applications will make GIS a

powerful analytical tool for archaeological research.
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8.6 - Fufure Recommendations

As demonstrated by the research at Karabi Tamchin, spatial analysis has the

potential to reveal information about the use of space in archaeological sites. Despite

successful application, the three-dimensional dataset used in this research was a limited

sample of the total distribution of archaeological materials, prohibiting the investigation

of archaeological levelYl2. The recording and recovery of a larger three-dimensional

dataset would improve the results of the analysis, strengthening the identification and

interpretation of activity areas. Prior to excavation, archaeologists need to identify

whether spatial analysis will be part of the investigation, in order to develop a suitable

strategy for mapping features and interpreting the stratigraphic profile. Linking three-

dimensionally recorded artefacts with individually numbered tools and faunal specimens

would also be desirable. This information can be inco¡porated into a GIS database to

refine the analysis and develop a better understanding of the activities taking place within

the archaeological levels.

In this research, GIS is used specifically for the visualization and database query

of horizontal and vertical distributions, while statistical analysis was carried out using

additional methods. Current GIS are limited in their ability to analyze three-dimensional

datasets. Future improvements of GIS software should involve further developments for

three-dimensional analysis, including statistical analysis. This will permit archaeologists

to perform their analyses within one program, as the transfer of data between several

programs is time-consuming and can introduce error.

Through continued excavation ofMiddle Palaeolithic sites in the Crimea, it v/ill

be possible to develop a regional interpretation of spatial orgaruzation and the nature of
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occupations within cave and rock shelter sites. The development and refinement of

analytical techniques, including improved three-dimensional analysis, will lead to

improvements in the interpretation of materials.
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- Appendix A -
Frequency Distribution of Total Faunal Materials

Recovered from Karabi Tamchin
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- Appendix D -
Chi-Square Significance Results
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Chi-Square Contingency Table Results - Re-sampled Dataset Trials

Level IU2

Chi-Square Value: 0.10 Degrees of Freedom:2
Critical Value: 5.99
Table 1: Chi-Square Significance Results Level II/2 Trials I and2

Chi-Square Value: 0.13 Degrees of Freedom: 2
Critical Value: 5.99
Table 2: Chi-Square Significance Results Level II/2 Trials 1 and 3

Chi-Square Value: 0.03 Degrees of Freedom:2
Critical Value: 5.99
Table 3: Chi-Square Significance Results Level lV2Trials2 and3

Level
ra2

Observed Frequency Total Expected Frequency Total

Bone Chips and
Flakes

Stone
Tools

Bone Chips and
Flakes

Stone
Tools

Trial 1 r04 49 28 181 105.5 48.0 27.5 181
Trial2 t07 47 27 181 105.5 48.0 27.5 181
Total 2tl 96 53 362 2ll 96 f,f, 362

Level
ra2

Observed Frequency Total Expected Frequency Total

Bone Chips and
Flakes

Stone
Tools

Bone Chips and
Flakes

Stone
Tools

Trial 1 r04 49 28 181 105.5 48.5 27.0 181
Trial3 t07 48 26 181 105.5 48.5 27.0 181
Total 2tl 97 54 362 2tl 97 54 362

Level
tr/2

Observed Frequency Total Expected Frequency Total

Bone Chips and
Flakes

Stone
Tools

Bone Chips and
Flakes

Stone
Tools

Trial2 107 47 27 181 107.0 47.5 26.s 181
Trial3 107 48 26 181 r07.0 47.5 26.5 18r
Total 2t4 95 53 362 2ll 96 55 362
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Chi-Square Contingency Table Results - Re-sampled Dataset Trials

Level III

Chi-Square Value: 0.02 Degrees of Freedom:2
Critical Value: 5.99
Table 4: Chi-Square Significance Results Level III Trials I and2

Chi-Square Value: 0.14 Degrees of Freedom:2
Critical Value: 5.99
Table 5: Chi-Square Significance Results Level III Trials 1 and 3

Chi-Square Value: 0.06 Degrees of Freedom:2
Critical Value: 5.99
Table 6: Chi-Square Significance Results Level III Trials 2 and 3

Level
ilI

Observed Frequency Total Expected Frequency Total

Bone Chips and
Flakes

Stone
Tools

Bone Chips and
Flakes

Stone
Tools

Trial 1 r13 88 47 248 113.5 88.0 46.5 248
Túal2 tL4 88 46 248 113.5 88.0 46.5 248
Total ))1 t76 93 496 'r'r'7 176 93 496

Level
ilI

Observed Frequency Total Expected Frequency TotaI

Bone Chips and
Flakes

Stone
Tools

Bone Chips and
Flakes

Stone
Tools

Trial i 113 88 47 248 114.5 88.0 45.5 248
Trial 3 116 88 44 248 114.5 88.0 45.5 248
Total 229 176 91 496 229 t76 9l 496

Level
ilI

Observed Frequency Total Expected Frequency TotaI

Bone Chips and
FIakes

Stone
Tools

Bone Chips and
Flakes

Stone
Tools

Trial2 1t4 88 46 248 115.0 88.0 45.0 248
Trial 3 116 88 44 248 115.0 88.0 45.0 248
Total 230 176 90 496 230 t76 90 496
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Chi-Square Contingency Table Results - Re-sampled Dataset Trials

Level IV

Chi-Square Value: 0.42 Degrees of Freedom:2
Critical Value: 5.99
Table 7: Chi-Square Significance Results Level IV Trials 1 and2

Chi-Square Value: 0.04 Degrees of Freedom:2
Critical Value: 5.99
Table 8: Chi-Square Significance Results Level IV Trials 1 and 3

Chi-Square Value: 0.68 Degrees of Freedom:2
Critical Value: 5.99
Table 9: Chi-Square Significance Results Level IV Trials 2 and3

Level
IV

Observed Frequency Total Expected Frequency Total

Bone Chips and
Flakes

Stone
Tools

Bone Chips and
Flakes

Stone
Tools

Trial 1 t15 95 29 239 118.5 92.0 28.5 239
Trial2 r22 89 28 239 1 18.5 92.0 28.5 239
Total 237 184 57 478 237 t84 478

Level
IV

Observed Frequency Total Expected Frequency Total

Bone Chips and
Flakes

Stone
Tools

Bone Chips and
Flakes

Stone
Tools

Trial 1 115 95 29 239 114.0 95.5 29.5 239
Trial3 i13 96 30 239 114.0 95.5 29.5 239
Total 228 191 59 478 228 191 59 478

Level
IV

Observed Frequency Total Expected Frequency Total

Bone Chips and
Flakes

Stone
Tools

Bone Chips and
Flakes

Stone
Tools

Trial2 r22 89 28 239 T17,5 92.5 29.0 239
Trial3 113 96 30 239 t17.5 92.5 29.0 239
Total 235 18s 58 478 235 185 58 478
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Chi-Square Contingency Table Results - 3 Cluster Solution Level II/2

Chi-Square Value: 3.08 Degrees of Freedom: 2
Critical Value: 5.99
Table 10: Chi-Square Results 3 Cluster Solution Level IV2, Clusters 3-1 and 3-2

Chi-Square Value: 4.87 Degrees of Freedom: 2
Critical Value: 5.99
Table 11: Chi-Square Results 3 Cluster Solution Level IV2, Clusters 3-1 and 3-3

Chi-Square Yalue: I.77 Degrees of Freedom: 2
Critical Value: 5.99
Table 12: Chi-Square Results 3 Cluster Solution Level IU2, Clusters 3-2 and 3-3

LevelIIl2 Obserwed Frequencv Total Exnected Fresuencv Total
Bone Chips and

Flakes
Stone
Tools

Bone Chips and
Flakes

Stone
Tools

Cluster 3-1 39 ^a¿,J 6 68 4r.4 18.7 7.9 68
Cluster 3-2 45 15 10 70 42.6 19.3 8.1 70

Total 84 38 t6 138 84 38 t6 138

Levellll2 Observed Frequencv Total Expected Frequency Total
Bone Chips and

Flakes
Stone
Tools

Bone Chips and
Flakes

Stone
Tools

Cluster 3-1 39 ¿J 6 68 38.0 20.2 9.8 68
Cluster 3-3 ^a¿J 10 10 43 24.0 12.8 6.2 43

Total 62 33 t6 111 62 33 16 111

Levellll2 Obselved Frequencv Total Expected Frequencv Total
Bone Chips and

Flakes
Stone
Tools

Bone Chips and
Flakes

Stone
Tools

Cluster 3-2 45 15 10 70 42.1 15.5 t2.4 70
Cluster 3-3 -a¿J 10 10 43 25.9 9.5 7.6 43

Total 68 25 20 113 68 )< 20 113
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Chi-Square Contingency Table Results - 8 Cluster SolutionLevellV}

Chi-Square Value: 5.78 Degrees of Freedom: 2
Critical Value: 5.99
Table 13: Chi-Square Results 8 Cluster Solution Level II/2, Clusters 8-1 and 8-2

Chi-Square Yalue:5.77 Degrees of Freedom: 2
Critical Value: 5.99
Table 14: Chi-Square Results 8 Cluster Solution Level II/2, Clusters 8-1 and 8-3

Chi-Square Value: 8.98 Degrees of Freedom: 2
Critical Value: 5.99
Table 15: Chi-Square Results 8 Cluster Solution Level II/2, Clusters 8-1 and 8-4

Chi-Square Value: 3.40 Degrees of Freedom: 2
Critical Value: 5.99
Table 16: Chi-Square Results 8 Cluster Solution Level IIl2, Clusters 8-1 and 8-5

LevelIA2 Obserued Frequencv Total Exnected Frequencv Total
Bone Chips and

Flakes
Stone
Tools

Bone Chips and
Flakes

Stone
Tools

Cluster 8-1 t6 t6 a
J 35 20.7 tI.7 2.7 35

Cluster 8-2 ¿3 6 2 31 18.3 10.3 ^a¿-J 31
Total 39 22 5 66 39 22 5 66

LevelII/2 Observed Frequency Total Exnected Frequencv Total
Bone Chips and

Flakes
Stone
Tools

Bone Chips and
Flakes

Stone
Tools

Cluster 8-1 t6 T6
aJ 35 14.8 t4.1 6.1 35

Cluster 8-3 6 5 6 17 7.2 6.9 2.9 17
Total 22 2l 9 52 22 21 9 52

LevelII/2 Observed Frequencv Total Expected Frequency Total
Bone Chips and

Flakes
Stone
Tools

Bone Chips and
Flakes

Stone
Tools

Cluster 8-1 T6 t6 3 35 19.0 10.5 5.5 35
Cluster 8-4 22 5 8 35 19.0 10.5 5.5 35

Total 38 2l 11 70 38 2l 11 70

LevellU2 Observed Frequencv Total Exnected Frequencv Total
Bone Chips and

Flakes
Stone
Tools

Bone Chips and
Flakes

Stone
Tools

Cluster 8-1 T6 l6 a
J 35 16.5 13.7 4.8 35

Cluster 8-5 8 4 4 t6 7.5 6.3 2.2 16

Total 24 20 7 51 24 20 7 51
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Levellll2 Observed Frequencv Total Expected Frequencv Total
Bone Chips and

Flakes
Stone
Tools

Bone Chips and
Flakes

Stone
Tools

Cluster 8-1 I6 t6 a
J 35 t7.l 15.3 2.7 35

Cluster 8-6 1J I 0 4 t.9 t.7 0.3 4
Total 19 t7 3 39 t9 t7 J 39

Chi-Square Value: 1.33 Degrees of Freedom: 2
Critical Value: 5.99
Table 17: Chi-Square Results 8 Cluster Solution Level IV2, Clusters 8-1 and 8-6

Chi-SquareValue: 3.81 DegreesofFreedom: 2
Critical Value: 5.99
Table 18: Chi-Square Results 8 Cluster Solution Level IV2, Clusters 8-1 andS-7

Chi-Square Value: 1.98 Degrees of Freedom: 2
Critical Value: 5.99
Table 19: Chi-Square Results 8 Cluster Solution Level IV2, Clusters 8-1 and 8-8

Chi-Square Value: 8.71 Degrees of Freedom: 2
Critical Value: 5.99
Table 20: Chi-Square Results 8 Ciuster Solution Level IV2, Clusters 8-2 and 8-3

LevelIIl2 Observed Frequency Total Expected Freouencv Total
Bone Chips and

Flakes
Stone
Tools

Bone Chips and
Flakes

Stone
Tools

Cluster 8-1 L6 t6 a
J 35 19.8 13.0 z-3 35

Cluster 8-7 t9 7 I 27 15.2 10.0 t.7 )1
Total 35 23 4 62 35 23 4 62

Levellll2 Observed Frequencv Total Exoected Freouencv Total
Bone Chips and

Flakes
Stone
Tools

Bone Chips and
Flakes

Stone
Tools

Cluster 8-1 I6 I6 J 35 17.8 t3.7 3.4 35
Cluster 8-8 10 4 Z t6 8.2 6.3 1.6 t6

Total 26 20 f, 51 26 20 f, 51

Levellll2 Observed Fresuencv Total Expected Frequencv Total
Bone Chips and

Flakes
Stone
Tools

Bone Chips and
Flakes

Stone
Tools

Cluster 8-2 /.) 6 2 31 18.7 1.1 5.2 31
Cluster 8-3 6 5 6 t7 10.3 3.9 2.8 t7

Total 29 11 I 48 29 11 I 48
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Levellll2 Observed Fresuencv Total Expected Frequencv Total
Bone Chips and

Flakes
Stone
Tools

Bone Chips and
Flakes

Stone
Tools

Cluster 8-2 ¿) 6 2 31 21.1 5.2 4.7 31
Cluster 8-4 22 5 8 35 23.9 5.8 5.3 35

Total 45 11 10 66 45 11 t0 66
Chi-Square Value: 3.48 Degrees of Freedom: 2
Critical Value: 5.99
Table 2l: Chi-Square Results 8 Cluster Solution Level IV2, Clusters 8-2 and 8-4

Chi-Square Value: 3.94 Degrees of Freedom: 2
Critical Value: 5.99
Table 22: Chi-Square Results 8 Cluster Solution Level IIl2, Clusters 8-2 and 8-5

Chi-Square Value: 0.31 Degrees of Freedom: 2
Critical Value: 5.99
Table 23: Chi-Square Results 8 Cluster Solution Level IIl2, Clusters 8-2 and 8-6

Chi-Square Value: 0.52 Degrees of Freedom: 2
Critical Value: 5.99
Table 24: Chi-Square Results 8 Cluster Solution Level IU2, Clusters 8-2 and 8-7

Levelll.l2 Observed Frequencv Total Expected Frequency Total
Bone Chips and

Flakes
Stone
Tools

Bone Chips and
Flakes

Stone
Tools

Cluster 8-2 ¿) 6 2 31 20.4 6.6 4.0 31
Cluster 8-5 8 A

I 4 16 10.6 3.4 2.0 t6
Total 31 10 6 47 31 10 6 47

Levellll2 Observed Frequencv Total Expected Frequency Total
Bone Chips and

Flakes
Stone
Tools

Bone Chips and
Flakes

Stone
Tools

Cluster 8-2 ^aZJ 6 2 31 23.0 6.2 1.8 31
Cluster 8-6 a

J 1 0 4 3.0 0.8 0.2 4
Total 26 7 ) 35 26 7 ) 35

Levelll/2 Observed Frequency Total Expected Frequencv Total
Bone Chips and

Flakes
Stone
Tools

Bone Chips and
Flakes

Stone
Tools

Cluster 8-2 ZJ 6 2 31 22.4 6.9 t.6 31
Cluster 8-7 t9 1 27 t9.6 6.1 t.4 )1

Total 42 13 3 58 42 13 3 58
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LevellU2 Observed Frequencv Total Exnected Frequencv Total
Bone Chips and

Flakes
Stone
Tools

Bone Chips and
Flakes

Stone
Tools

Cluster 8-2 aa
ZJ 6 2 31 2t.8 6.6 2.6 31

Cluster 8-8 10 4 2 T6 IT.2 5.+ t.4 16
Total 33 10 4 47 JJ 10 4 47

Chi-Square Value: 0.82 Degrees of Freedom: 2
Critical Value: 5.99
Table 25: Chi-Square Results 8 Cluster Solution Level IV2, Clusters 8-2 and 8-8

Chi-Square Value: 3.63 Degrees of Freedom: 2
Critical Value: 5.99
Table 26: Chi-Square Results 8 Cluster Solution Level IIl2, Clusters 8-3 and 8-4

Chi-Square Yalue:0.77 Degrees of Freedom: 2
Critical Value: 5.99
Table 27: Chi-Square Results 8 Cluster Solution Level lU2, Clusters 8-3 and 8-5

Chi-Square Yalue;2.63 Degrees of Freedom: 2
Critical Value: 5.99
Table 28: Chi-Square Results 8 Cluster Solution Level IV2, Clusters 8-3 and 8-6

LevelIU2 Observed Frequencv Total Expected Frequency Total
Bone Chips and

Flakes
Stone
Tools

Bone Chips and
Flakes

Stone
Tools

Cluster 8-3 6 5 6 17 9.2 aa
J.J 4.6 t7

Cluster 8-4 22 5 8 35 18.8 6.7 9.4 35
Total 28 10 T4 52 28 l0 l4 \)

LevelIUZ Observed Frequency Total Exnected Frequencv Total
Bone Chips and

Flakes
Stone
Tools

Bone Chips and
Flakes

Stone
Tools

Cluster 8-3 6 5 6 t7 7.2 4.6 5.2 t7
Cluster 8-5 8 4 4 t6 6.8 4.4 4.8 r6

Total L4 9 l0 33 t4 9 10 33

Levellll2 Observed Frequencv Total Expected Frequency Total
Bone Chips and

Flakes
Stone
Tools

Bone Chips and
Flakes

Stone
Tools

Cluster 8-3 6 5 6 17 t.3 4.9 4.9 t7
Cluster 8-6 a

J I 0 4 t.7 1.1 i.1 4
Total 9 6 6 2l 9 6 6 2l

202



Levellll2 Observed Frequency Total Expected Frequencv Total
Bone Chips and

Flakes
Stone
Tools

Bone Chips and
Flakes

Stone
Tools

Cluster 8-3 6 5 6 t7 9.7 4.6 2.7 Í7
Cluster 8-7 r9 I 27 15.3 7.4 A'+.J 27

Total 25 t2 7 44 25 t2 7 44
Chi-Square Value: 8.85 Degrees of Freedom: 2
Critical Value: 5.99
Table 29: Chi-Square Results 8 Cluster Solution Level IV2, Clusters 8-3 and 8-7

Chi-Square Value: 3.08 Degrees of Freedom: 2
Critical Value: 5.99
Table 30: Chi-Square Results 8 Cluster Solution Level II/2, Clusters 8-3 and 8-8

Chi-Square Value: 1.04 Degrees of Freedom: 2
Critical Value: 5.99
Table 31: Chi-Square Results 8 Cluster Solution Level IV2, Clusters 8-4 and 8-5

Chi-Square Value: 1.26 Degrees of Freedom: 2
Critical Value: 5.99
Table 32: Chi-Square Results 8 Cluster Solution Level IV2, Clusters 8-4 and 8-6

Levellll2 Observed Frequencv Total Expected Frequency Total
Bone Chips and

Flakes
Stone
Tools

Bone Chips and
Flakes

Stone
Tools

Cluster 8-3 6 5 6 T7 8.2 4.6 4.1 17
Cluster 8-8 10 4 2 r6 7.8 4.4 3.9 16

Total t6 9 I 33 16 9 I 33

Levelll/2 Observed Fresuencv Total Expected Frequencv Total
Bone Chips and

Flakes
Stone
Tools

Bone Chips and
Flakes

Stone
Tools

Cluster 8-4 22 5 8 35 20.6 6.2 8.2 35
Cluster 8-5 I 4 4 t6 9.4 2.8 3.8 t6

Total 30 9 L2 51 30 9 t2 51

LevellA2 Observed Frequency Total Exnected Fresuencv Total
Bone Chips and

Flakes
Stone
Tools

Bone Chips and
Flakes

Stone
Tools

Cluster 8-4 22 5 8 35 22.4 5.4 7.2 35
Cluster 8-6 a

J I 0 4 2.6 0.6 0.8 4
Total 25 6 8 39 25 6 I 39
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Levellll2 Obser.ved Fresuencv Total Expected Frequencv Total
Bone Chips and

Flakes
Stone
Tools

Bone Chips and
Flakes

Stone
Tools

Cluster 8-4 22 5 8 35 23.1 6.8 5.1 35
Cluster 8-7 t9 7 1 27 t7.9 5.2 3.9 27

Total 4l t2 9 62 4l L2 9 62
Chi-SquareValue: 5.05 DegreesofFreedom: 2
Critical Value: 5.99
Table 33: Chi-Square Results 8 Cluster Solution Level IV2, Clusters 8-4 and 8-7

Chi-Square Value: 1.32 Degrees of Freedom: 2
Critical Value: 5.99
Table 34: Chi-Square Results 8 Cluster Solution Level IV2, Clusters 8-4 and 8-8

Chi-Square Value: 1.36 Degrees of Freedom: 2
Critical Value: 5.99
Table 35: Chi-Square Results 8 Cluster Solution Level IV2, Clusters 8-5 and 8-6

Chi-Square Value: 4.59 Degrees of Freedom: 2
Critical Value: 5.99
Table 36: Chi-Square Results 8 Cluster Solution Level IV2, Clusters 8-5 and 8-7

LevelIll2 Observed Frequencv Total Expected Frequencv Total
Bone Chips and

Flakes
Stone
Tools

Bone Chips and
Flakes

Stone
Tools

Cluster 8-4 22 5 8 35 22.0 6.2 6.9 35
Cluster 8-8 10 /lT 2 t6 10.0 2.8 3.1 t6

Total 32 9 10 51 32 9 10 5t

Levellll2 Observed Frequency Total Exnected Frequencv Total
Bone Chips and

Flakes
Stone
Tools

Bone Chips and
Flakes

Stone
Tools

Cluster 8-5 8 4 4 t6 8.8 4.0 3.2 16
Cluster 8-6 a

J I 0 4 2.2 1.0 0.8 4
Total 11 J 4 20 11 f, 4 20

Levellll2 Obserued Freouencv Total Expected Frequencv Total
Bone Chips and

Flakes
Stone
Tools

Bone Chips and
Flakes

Stone
Tools

Cluster 8-5 8 4 4 t6 10.0 4.r 1.9 16
Cluster 8-7 l9 7 1 J1 17.0 6.9 3.1 27

Total 27 11 43 2t 11 J 43
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Levellll2 Obserryed Freouencv Total Expected Frequency Total
Bone Chips and

Flakes
Stone
Tools

Bone Chips and
Flakes

Stone
Tools

Cluster 8-5 I + + t6 9.0 4.0 3.0 16
Cluster 8-8 l0 4 2 16 9.0 4.0 3.0 t6

Total 18 I 6 32 18 I 6 32
Chi-Square Value: 0.89 Degrees of Freedom: 2
Critical Value: 5.99
Table 37: Chi-Square Results 8 Cluster Solution Level II/2, Clusters 8-5 and 8-8

Chi-Square Value: 0.16 Degrees of Freedom: 2
Critical Value: 5.99
Table 38: Chi-Square Results 8 Cluster Solution Level IIl2, Clusters 8-6 and 8-7

Chi-Square Value: 0.58 Degrees of Freedom: 2
Critical Value: 5.99
Table 39: Chi-Square Results 8 Cluster Solution Level IIl2, Clusters 8-6 and 8-8

Chi-SquareValue: 1.21 Degrees of Freedom: 2
Critical Value: 5.99
Table 40: Chi-Square Results 8 Cluster Solution Level IV2, Clusters 8-7 and 8-8

LevelI'V2 Obserued Frequencv Total Expected Frequencv Total
Bone Chips and

Flakes
Stone
Tools

Bone Chips and
Flakes

Stone
Tools

Cluster 8-6 J i 0 4 2.8 1.0 0.1 4
Cluster 8-7 I9 7 I )1 19.2 7.0 0.9 27

Total )) 8 1 31 )', 8 I 31

Levelll/2 Observed Frequencv Total Exnected Freouencv Total
Bone Chips and

Flakes
Stone
Tools

Bone Chips and
Flakes

Stone
Tools

Cluster 8-6 3 I 0 4 2.6 1.0 0.4 4

Cluster 8-8 10 AI 2 T6 r0.4 4.0 t.6 16
Total l3 3

,,
20 13 ) 20

LevellUZ Observed Frequencv Total Expected Frequency Total
Bone Chips and

Flakes
Stone
Tools

Bone Chips and
Flakes

Stone
Tools

Cluster 8-7 19 I )1 18.2 6.9 t.9 )1
Cluster 8-8 10 4 2 t6 10.8 4.1 1.1 16

Total 29 11 3 43 29 t1 3 43
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Level III Observed Frequency Total Expected Frequencv Total
Bone Chips and

Flakes
Stone
Tools

Bone Chips and
Flakes

Stone
Tools

Cluster 2-1 58 50 t4 t22 55.6 43.3 23.1 122
Cluster 2-2 55 38 aa

JJ 126 57.4 44.7 23.9 t26
Total 113 88 47 248 113 88 47 248

Chi-Square Contingency Table Results - 2 Cluster Solution Level III

Chi-Square Value: 9.33 Degrees of Freedom: 2
Critical Value: 5.99
Table 41: Chi-Square Results 2 Cluster Solution Level III, Clusters2-l and2-2

Chi-Square Contingency Table Results - 4 Cluster Solution Level III

Chi-Square Value: 4.86 Degrees of Freedom: 2
Critical Value: 5.99
Table 42: Chi-Square Results 4 Cluster Solution Level III, Clusters 4-l and 4-2

Chi-Square Value: 0.56 Degrees of Freedom: 2
Critical Value: 5.99
Table 43: Chi-Square Results 4 Cluster Solution Level III, Clusters 4-I and 4-3

Level III Observed Frequencv Total Expected Frequency Total
Bone Chips and

Flakes
Stone
Tools

Bone Chips and
Flakes

Stone
Tools

Cluster 4-1 34 18 1,4 66 28.0 22.2 15.8 66
Cluster 4-2 T9

.\A
LA T6 59 25.0 19.8 14.2 59

Total 53 42 30 125 53 42 30 125

Level III Observed Frequency Total Exnected X'requencv Total
Bone Chips and

Flakes
Stone
Tools

Bone Chips and
Flakes

Stone
Tools

Cluster 4-1 34 18 t4 66 3s.6 16.2 14.1 66
Cluster 4-3 34 13 13 60 32.4 14.8 12.9 60

Total 68 31 27 126 68 31 )1 t26
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Level III Obserued Frequencv Total Expected Frequency Total
Bone Chips and

Flakes
Stone
Tools

Bone Chips and
Flakes

Stone
Tools

Cluster 4-1 34 18 t4 66 30.7 26.r 9.2 66
Cluster 4-4 26 JJ T 63 29.3 24.9 8.8 63

Total 60 51 18 t29 60 51 18 129
Chi-Square Value: 10.97 Degrees of Freedom: 2
Critical Value: 5.99
Table 44: Chi-Square Results 4 Cluster Solution Level III, Clusters 4-1 and 4-4

Chi-Square Yalue:7.82 Degrees of Freedom: 2
Critical Value: 5.99
Table 45: Chi-Square Results 4 Cluster Solution Level III, Clusters 4-2 and 4-3

Chi-Square Value: 9.59 Degrees of Freedom: 2
Critical Value: 5.99
Table 46: Chi-Square Results 4 Cluster Solution Level III, Clusters 4-2 and 4-4

Chi-Square Value: 14.46 Degrees of Freedom: 2
Critical Value: 5.99
Table 47: Chi-Square Results 4 Cluster Solution Level III, Clusters 4-3 and 4-4

Level III Observed F reouencv Total Expected Frequencv Total
Bone Chips and

Flakes
Stone
Tools

Bone Chips and
Flakes

Stone
Tools

Cluster 4-2 T9 24 r6 59 26.3 18.3 14.4 59
Cluster 4-3 .AJ+ 13 13 60 26.7 18.7 14.6 60

Total 53 37 29 119 53 37 29 ttg

Level III Observed Frequency Total Expected Frequency Total
Bone Chips and

Flakes
Stone
Tools

Bone Chips and
Flakes

Stone
Tools

Cluster 4-2 t9 24 16 59 21.8 27.6 9.7 59
Cluster 4-4 26 aa

JJ 4 63 23.2 29.4 10.3 63
Total 45 f,/ 20 122 45 57 20 122

Level III Observed Frequencv Total Expected Frequencv Total
Bone Chips and

Flakes
Stone
Tools

Bone Chips and
Flakes

Stone
Tools

Cluster 4-3 34 13 13 60 29.3 22.4 8.3 60
Cluster 4-4 26 aa

JJ 4 63 30.7 23.6 8.7 63
Total 60 46 t7 123 60 46 L7 123
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Level III Obserwed Freouencv Total Expected Frequencv Total
Bone Chips and

Flakes
Stone
Tools

Bone Chips and
Flakes

Stone
Tools

Cluster 6-1 24 t2 9 45 18.6 15.5 10.9 45
Cluster 6-2 t7 22 15 54 22.4 18.5 13.1 54
Total 4l 34 24 99 41 34 24 99

Chi-Square Contingency Table Results - 6 Cluster Solution Level III

Chi-Square Value: 4.86 Degrees of Freedom: 2
Critical Value: 5.99
Table 48: Chi-Square Results 6 Cluster Solution Level III, Clusters 6-l and 6-2

Chi-Square Value: 6.31 Degrees of Freedom: 2
Critical Value: 5.99
Table 49: Chi-Square Results 6 Cluster Solution Level III, Clusters 6-l and 6-3

Chi-Square Value: 7.89 Degrees of Freedom: 2
Critical Value: 5.99
Table 50: Chi-Square Results 6 Cluster Solution Level III, Clusters 6-1 and 6-4

Level III Observed Frequencv Total Expected Frequencv Total
Bone Chips and

Flakes
Stone
Tools

Bone Chips and
Flakes

Stone
Tools

Cluster 6-1 24 12 9 45 18.3 14.7 12.0 45
Cluster 6-3 11 t6 t4 4l 16.1 13.3 I 1.0 4l
Total 35 28 23 86 35 28 23 86

Level III Observed Frequencv TotaI Exnected Freouencv Total
Bone Chips and

Flakes
Stone
Tools

Bone Chips and
Flakes

Stone
Tools

Cluster 6-l 24 T2 9 45 27.6 12.6 4.8 45
Cluster 6-4 33 I4 I 48 29.4 t3.4 5.2 48
Total 57 26 10 93 57 26 10 93
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Level III Observed Frequency Total Exnected Freouencv Total
Bone Chips and

Flakes
Stone
Tools

Bone Chips and
Flakes

Stone
Tools

Cluster 6-1 'l /1LA T2 9 45 25.9 11.1 7.9 45
Cluster 6-5 25 9 6 40 23.1 9.9 7.1 40

Total 49 27 15 85 49 2l 15 85
Chi-Square Value: 0.76 Degrees of Freedom: 2
Critical Value: 5.99
Table 51: Chi-Square Results 6 Cluster Solution Level III, Clusters 6-1 and 6-5

Chi-Square Value: 13.50 Degrees of Freedom: 2
Critical Value: 5.99
Table 52: Chi-Square Results 6 Cluster Solution Level III, Clusters 6-1 and 6-6

Chi-Square Value: 0.50 Degrees of Freedom: 2
Critical Value: 5.99
Table 53: Chi-Square Results 6 Cluster Solution Level III, Clusters 6-2 and 6-3

Chi-SquareValue: 18.86 Degrees ofFreedom: 2
Critical Value: 5.99
Table 54: Chi-Square Results 6 Cluster Solution Level IIL Clusters 6-2 and 6-4

Level III Observed Frequency Total Expected Frequency Total
Bone Chips and

Flakes
Stone
Tools

Bone Chips and
Flakes

Stone
Tools

Cluster 6-1 ')^ L2 9 45 t8.7 t8.7 7.6 45
Cluster 6-6 J t5 2 20 8.3 8.3 3.4 20

Total 27 27 t1 65 27 27 11 65

Level III Observed Freouencv Total Expected Frequencv Total
Bone Chips and

Flakes
Stone
Tools

Bone Chips and
Flakes

Stone
Tools

Cluster 6-2 T7 22 15 54 15.9 2t.6 16.5 54
Cluster 6-3 11 t6 14 4L 12.1 16.4 t2.s 4l

Total 28 38 29 95 28 38 29 95

Level III Observed Frequency Total Expected Frequency Total
Bone Chips and

Flakes
Stone
Tools

Bone Chips and
Flakes

Stone
Tools

Cluster 6-2 t7 22 15 54 26.5 19.1 8.5 54
Cluster 6-4 aa

JJ t4 1 48 23.5 16.9 7.5 48
Total 50 36 16 r02 50 36 t6 102
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Level III Observed Frequencv Total Exnected Frequencv Total
Bone Chips and

Flakes
Stone
Tools

Bone Chips and
Flakes

Stone
Tools

Cluster 6-2 t7 22 15 54 24.1 17.8 12.1 54
Cluster 6-5 25 9 6 40 17.9 t3.2 8.9 40

Total 42 31 21 94 42 31 2l 94
Chi-Square Value: 8.95 Degrees of Freedom: 2
Critical Value: 5.99
Tabfe 55: Chi-Square Results 6 Cluster Solution Level III, Clusters 6-2 and 6-5

Chi-Square Value: 6.90 Degrees of Freedom: 2
Critical Value: 5.99
Table 56: Chi-Square Results 6 Cluster Solution Level III, Clusters 6-2 and 6-6

Chi-Square Value: 2T.99 Degrees of Freedom: 2
Critical Value: 5.99
Table 57: Chi-Square Results 6 Cluster Solution Level III, Clusters 6-3 and 6-4

Chi-Square Value: 10.59 Degrees of Freedom: 2
Critical Value: 5.99
Table 58: Chi-Square Results 6 Cluster Solution Level III, Clusters 6-3 and 6-5

Level III Observed Fresuencv Total Expected Frequencv Total
Bone Chips and

Flakes
Stone
Tools

Bone Chips and
Flakes

Stone
Tools

Cluster 6-2 t7 22 15 54 t4.6 27.0 12.4 54
Cluster 6-6 J 15 2 20 5.4 10.0 4.6 20

Total 20 37 t7 74 20 37 l7 74

Level III Observed Frequency Total Expected Frequencv Total
Bone Chips and

Flakes
Stone
Tools

Bone Chips and
Flakes

Stone
Tools

Cluster 6-3 t1 I6 t4 41 20.3 13.8 6.9 4l
Cluster 6-4 aa

JJ I4 1 48 23.7 16.2 8.1 48
Total 44 30 15 89 44 30 15 89

Level III Observed Frequencv Total Exnected Freouencv Total
Bone Chips and

Flakes
Stone
Tools

Bone Chips and
Flakes

Stone
Tools

Cluster 6-3 l1 T6 t4 4l 18.2 12.7 10.1 4l
Cluster 6-5 25 9 6 40 17.8 12.3 9.9 40

Total 36 25 20 81 36 25 20 81
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Level III Observed Frequency Total Expected Frequency Total
Bone Chips and

Flakes
Stone
Tools

Bone Chips and
Flakes

Stone
Tools

Cluster 6-3 t1 r6 I4 4l 9.4 20.8 10.8 4l
Cluster 6-6 a

J 15 2 20 4.6 r0.2 5.2 20
Total t4 31 16 6l t4 31 t6 6l

Chi-Square Yalue 7.23 Degrees of Freedom: 2
Critical Value: 5.99
Table 59: Chi-Square Results 6 Cluster Solution Level III, Clusters 6-3 and 6-6

Chi-Square Value: 5.08 Degrees of Freedom: 2
Critical Value: 5.99
Table 60: Chi-Square Results 6 Cluster Solution Level III, Clusters 6-4 and 6-5

Chi-Square Value: 16.66 Degrees of Freedom: 2
Critical Value: 5.99
Table 61: Chi-Square Results 6 Cluster Solution Level III, Clusters 6-4 and 6-6

Chi-Square Value: 15.88 Degrees of Freedom: 2
Critical Value: 5.99
Table 62: Chi-Square Results 6 Cluster Solution Level III, Clusters 6-5 and 6-6

Level III Observed Frequencv Total Exnected Frequencv Total
Bone Chips and

Flakes
Stone
Tools

Bone Chips and
Flakes

Stone
Tools

Cluster 6-4 aa
JJ I4 1 48 3r.6 12.s 3.8 48

Cluster 6-5 25 9 6 40 26.4 10.5 3.2 40
Total 58 23 7 88 58 23 7 88

Level III Observed Frequencv Total Expected Frequency Total
Bone Chips and

Flakes
Stone
Tools

Bone Chips and
Flakes

Stone
Tools

Cluster 6-4 aa
JJ T4 48 25.4 20.5 2.1 48

Cluster 6-6 J l5 2 20 10.6 8.5 0.9 20
Total 36 29 J 68 36 29 3 68

Level III Observed Frequency Total Expected Frequency Total
Bone Chips and

Flakes
Stone
Tools

Bone Chips and
Flakes

Stone
Tools

Cluster 6-5 25 9 6 40 r8.7 16.0 5.3 40
Cluster 6-6 a

J 15 2 20 9.3 8.0 2.7 20
Total 28 24 I 60 28 24 I 60
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Chi-Square Contingency Table Results - 3 Cluster Solution Level IV

Chi-Square Value: 0.88 Degrees of Freedom: 2
Critical Value: 5.99
Table 63: Chi-Square Results 3 Cluster Solution Level IV, Clusters 3-1 and 3-2

Chi-Square Yalue:3.26 Degrees of Freedom: 2
Critical Value: 5.99
Table 64: Chi-Square Results 3 Cluster Solution Level IV, Clusters 3-1 and 3-3

Chi-Square Value: 1.52 Degrees of Freedom: 2
Critical Value: 5.99
Table 65: Chi-Square Results 3 Cluster Solution Level IV, Clusters3-2 and3-3

Level IV Obserwed Fresuencv Total Expected Frequency Total
Bone Chips and

Flakes
Stone
Tools

Bone Chips and

Flakes
Stone
Tools

Cluster 3-1 36 39 9 84 37.2 36.3 10.5 84
Cluster 3-2 42 a-

13 92 40.8 39.7 I 1.5 92
Total 78 76 )) 176 78 76 )) 176

Level IV Observed Frequencv Total Expected Frequency Total
Bone Chips and

Flakes
Stone
Tools

Bone Chips and
Flakes

Stone
Tools

Cluster 3-1 36 39 9 84 40.6 J3. I 9.7 84
Cluster 3-3 35 20 I 63 30.4 25.3 nat.J 63

Total 7l 59 t7 t47 7l 59 17 147

Level IV Observed Frequencv Total Exnected Freouencv Total
Bone Chips and

Flakes
Stone
Tools

Bone Chips and
Flakes

Stone
Tools

Cluster 3-2 42 a-
13 92 45.7 33.8 t2.5 92

Cluster 3-3 35 20 8 63 31.3 23.2 8.5 63
Total 77 57 2l [55 77 2l 155
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Level IV Observed Frequencv Total Exnected Frequencv Total
Bone Chips and

Flakes
Stone
Tools

Bone Chips and
Flakes

Stone
Tools

Cluster 5-1 t9 22 1 42 t8.7 19.9 3.4 42
Cluster 5-2 T4 13 5 32 14.3 15.1 2.6 32

Total JJ 35 6 74 JJ 35 6 74

Chi-Square Contingency Table Results - 5 Cluster Solution Level IV

Chi-Square Yalue:4.47 Degrees of Freedom: 2
Critical Value: 5.99
Table 66: Chi-Square Results 5 Cluster Solution Level IV, Clusters 5-1 and 5-2

Chi-Square Yalue:4.67 Degrees of Freedom: 2

Critical Value: 5.99
Table 67: Chi-Square Results 5 Cluster Solution Level IV, Clusters 5-1 and 5-3

Chi-Square Value: 7.50 Degrees of Freedom: 2

Critical Value: 5.99
Table 68: Chi-Square Results 5 Cluster Solution Level fV, Clusters 5-1 and 5-4

Level IV Observed Frequencv Total Expected Frequencv Total
Bone Chips and

Flakes
Stone
Tools

Bone Chips and
Flakes

Stone
Tools

Cluster 5-1 I9 22 I 42 17.6 20.2 4.2 42
Cluster 5-3 ZJ 26 9 58 24.4 27.8 5.8 58

Total 42 48 10 100 42 48 10 100

Level IV Obserued Frequencv Total Exnected Frequencv Total
Bone Chips and

Flakes
Stone
Tools

Bone Chips and
Flakes

Stone
Tools

Cluster 5-1 t9 22 I 42 20.7 t7.5 3.8 42
Cluster 5-4 I9 l0 6 35 t7.3 14.5 ).2 35

Total 38 32 7 77 38 32 7 77
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Level IV Observed Frequency Total Expected Frequency Total
Bone Chips and

Flakes
Stone
Tools

Bone Chips and
Flakes

Stone
Tools

Cluster 5-1 T9 22 I 42 21.0 17.3 3.7 42
Cluster 5-5 38 25 9 72 36.0 29.7 6.3 72

Total )t 47 10 Lt4 57 41 10 tt4
Chi-Square Value: 5.40 Degrees of Freedom: 2
Critical Value: 5.99
Table 69: Chi-Square Results 5 Cluster Solution Level IV, Clusters 5-1 and 5-5

Chi-Square Value: 0.17 Degrees of Freedom: 2
Critical Value: 5.99
Table 70: Chi-Square Results 5 Cluster Solution Level IV, Clusters 5-2 and 5-3

Chi-Square Value: 1.1 I Degrees of Freedom: 2
Critical Value: 5.99
Table 71: Chi-Square Results 5 Cluster Solution Level IV, Clusters 5-2 and 5-4

Chi-Square Value: 0.73 Degrees of Freedom: 2
Critical Value: 5.99
Table 72: Chi-Square Results 5 Cluster Solution Level IV, Clusters 5-2 and 5-5

Level IV Observed Frequencv TotaI Expected Frequencv Total
Bone Chips and

Flakes
Stone
Tools

Bone Chips and
Flakes

Stone
Tools

Cluster 5-2 t4 13 5 32 13.2 13.9 5.0 32
Cluster 5-3 LJ 26 9 58 23.8 25.1 9.0 58

Total 37 39 14 90 37 39 t4 90

Level IV Observed Freouencv Total Expected Frequencv Total
Bone Chips and

Flakes
Stone
Tools

Bone Chips and
Flakes

Stone
Tools

Cluster 5-2 t4 13 5 32 15.8 11.0 5.3 32
Cluster 5-4 t9 10 6 35 t7.2 12.0 5.7 35

Total 33 23 1I 67 33 23 11 67

Level IV Obserued Frequencv Total Expected Frequency Total
Bone Chips and

Flakes
Stone
Tools

Bone Chips and
Flakes

Stone
Tools

Cluster 5-2 T4 13 5 32 16.0 tI.7 4.3 32
Cluster 5-5 38 25 9 72 36.0 26.3 9.7 ,7)

Total 52 38 T4 104 52 38 t4 104
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Level IV Observed Frequencv Total Exoected Freouencv Total
Bone Chips and

Flakes
Stone
Tools

Bone Chips and
Flakes

Stone
Tools

Cluster 5-3 ZJ 26 9 58 26.2 22.5 9.4 58
Cluster 5-4 I9 10 6 35 15.8 13.5 5.6 35

Total 42 36 15 93 42 36 15 93
Chi-Square Value: 2.56 Degrees of Freedom: 2
Critical Value: 5.99
Table 73: Chi-Square Results 5 Cluster Solution Level IV, Clusters 5-3 and 5-4

Chi-Square Yalue:2.23 Degrees of Freedom: 2
Critical Value: 5.99
Table 74: Chi-Square Results 5 Cluster Solution Level IV, Clusters 5-3 and 5-5

Chi-Square Value: 0.64 Degrees of Freedom: 2
Critical Value: 5.99
Table 75: Chi-Square Results 5 Cluster Solution Level IV, Clusters 5-4 and 5-5

Level IV Observed Freouencv Total Expected Frequency Tot¿l
Bone Chips and

Flakes
Stone
Tools

Bone Chips and
Flakes

Stone
Tools

Cluster 5-3 ^aZJ 26 9 58 27.2 22.8 8.0 s8
Cluster 5-5 38 25 9 1) 33.8 28.2 10.0 72

Total 6l 51 18 130 61 51 18 r30

Level IV Observed Freouencv Total Expected Frequencv Total
Bone Chips and

Flakes
Stone
Tools

Bone Chips and
Flakes

Stone
Tools

Cluster 5-4 19 10 6 35 18.6 tt.4 4.9 35
Cluster 5-5 38 25 9 72 38.4 23.6 10.1 1','

Total 35 15 107 57 35 15 107
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- Appendix E -
Horizontal K-Means Cluster Distributions

Re-Sampled Levels
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