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Summary 

Archaeologists have only recently recognised vein quartz as a significant part of 

prehistoric stone technologies in Ireland and Britain. As a raw material, quartz is 

abundant in many areas of Ireland and Britain and was utilised extensively in 

prehistory. However, research biases have obscured a fuller understanding of it, with the 

evidence either having been overlooked or ignored. Often dismissed as a poor 

alternative to flint, and impossible to analyse due to perceived irregular fracture 

properties, quartz is best understood as a different material with different physical 

characteristics to cryptocrystalline materials such as flint and chert that were used in 

prehistory. In order to understand these different characteristics of quartz, a series of 

knapping experiments using different stone working methods were conducted in order 

to develop an analytical framework for quartz lithic analysis. This framework was then 

used to analyse quartz assemblages from two case study assemblages – a Later 

Mesolithic/Neolithic quartz scatter from Belderrig, Co. Mayo, and a Neolithic quartz 

assemblage from Thornhill, Co. Londonderry. Two other experiments were conducted. 

An experimental knapping assemblage was burnt in order to understand the effects of 

burning on quartz and to help identify burnt quartz in the archaeological record. The 

second experiment was a quartz recognition experiment which tested the identification 

and classification of the experimentally knapped quartz artefacts by volunteer 

participants who had varied levels of experience in analysing stone tools in general and 

quartz stone tools in particular. The results of the experimental knapping, the 

experimental burning, and the quartz recognition experiment have shown that the 

analysis of vein quartz artefacts is certainly difficult, but not impossible – a clear 

understanding of the fracture mechanics of the material as set out in the experimental 

knapping helps in the analysis of vein quartz in the archaeological assemblages, and 

therefore helps in understanding the prehistoric communities who chose to use this 

material. 

 

Volume 1 presents the main thesis, while Volume 2 contains the thesis appendices 

and excavations plans, and the accompanying CD contains the databases created during 

the project, an interactive map of Irish quartz finds, and a pdf of the thesis. 

The architecture and contents of the thesis are explained in greater detail in Chapter 1. 
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1 Introduction 
 

There are few things more discouraging for an archaeologist interested in 
the study of lithic reduction sequences than to be faced with the analysis of 
an assemblage that is made on poor quality quartz (Bisson 1990, 103). 

 

1.1 Introduction 
 

In the Irish landscape today, vein quartz is a common sight in sacred Christian 

settings, whether as boundary stones around statues (Figure 1-1), or as gravel coverings 

over graves. This use of quartz in ecclesiastical contexts has a long tradition, stretching 

back to the beginnings of Christianity in Ireland, with references to quartz in early 

medieval texts and later folklore, as well as from the archaeological record (see 

Thompson 2004). Importantly, the use of quartz in Christian Ireland followed from pre-

Christian traditions, with quartz especially noted as deposits and architectural 

components of megalithic structures, most famously by the reconstruction of the 

surmised façade of quartz boulders at the Newgrange passage tomb (see Cooney 2000).    

 

 
Figure 1-1 21st century quartz. Vein quartz boulders encircling statues overlooking a line of nuns’ 
graves. Located on the grounds of a convent in between the Thornhill case study excavation and the 
Foyle Estuary in the background 
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This project, however, has approached the use of quartz in prehistory from a 

different and less discussed perspective. The present focus of research is on the use of 

quartz in the stone tool traditions of the prehistoric communities in Ireland. Quartz was 

commonly a part of Irish prehistoric lithic repertoires, with evidence of its use found 

throughout the island. As the opening quote highlights, however, quartz is a particularly 

difficult material to analyse. The traditions of antiquarian and archaeological research in 

Ireland and elsewhere were founded on the collecting and investigating of 

cryptocrystalline rocks such as flint, with, over time, a variety of attributes noted as 

signifying humanly-made tools. Vein quartz, especially the more commonly available 

coarse-grained vein quartz, does not fracture in the same manner as cryptocrystalline 

materials. This, therefore, can lead to difficulties in the identification and interpretation 

of quartz artefacts in analytical traditions that are founded on the basis of the fracture 

mechanics of cryptocrystalline materials – a consequence of these difficulties is an 

under-acknowledgement of the extent of prehistoric quartz stone tool use. 

 

The collecting of flaked stone artefacts in Ireland is firmly a story of flint, thus 

leading to these problems in quartz analysis. Flint has featured centrally in researchers’ 

ponderings, so much so that the Antrim flint deposits were seen as the lynchpin of Irish 

prehistory and even by some as the raison d’être of the post-glacial colonisation of the 

island. However, many other materials were used for lithics in prehistory and Chapter 2 

sets out a history of lithic research in Ireland, with a focus on how researchers in the 

nineteenth and twentieth centuries comprehended and assessed the flint-alternative raw 

materials used in prehistoric stonecraft in light of the dominance of flint in the 

archaeological record. 

 

While Chapter 2 presents a general history of Irish lithic research, quartz-focused 

Irish research is reviewed in Chapter 3. Chapter 3 also presents the results of a database 

of quartz lithic artefacts constructed at the outset of this project. The review has 

highlighted the challenges of analysing quartz and that quartz as a viable raw material 

for stone tools has been under-appreciated, while the database has highlighted that the 

true extent of quartz artefacts in the archaeological record has been underestimated. The 

difficulties in identifying quartz notwithstanding, this material has been found on a wide 

variety of archaeological sites, suggesting that the use of the material for stone tools in 

prehistory was considerable and widespread. 
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Chapter 4 reviews how researchers from outside of Ireland have used a variety of 

approaches to analysing quartz. From this literature search, it is clear that despite quartz 

often being the predominant raw material in the respective regions, quartz research has 

been neglected. Two broad camps of quartz researchers are noted, with one arguing that 

quartz can be analysed in a framework devised for flint and the other arguing that a 

separate framework should be devised based on the fracture characteristics of quartz. 

Examples from America, Africa, and Scotland of classificatory frameworks such as 

attribute analysis and reduction sequences are discussed, followed by a review of 

researchers who have conducted experimental knapping, some use wear projects, as 

well as an experiment on the identification of retouch conducted on quartz. While most 

of these researchers focused on a more economic and technical view of technology, the 

symbolic and ‘non-utilitarian’ aspects of quartz are an integral part of prehistoric quartz 

use and are also covered in Chapter 4. 

 

The approach taken in this project has been the experimental knapping of a variety 

of sources of vein quartz, using a variety of methods of stoneworking used in 

prehistory. This has created an experimental assemblage of artefacts with which to 

devise a framework for analysing quartz assemblages from two case study excavations. 

Chapter 5 introduces the methodology of the project, beginning with conception of the 

sociality of technology, outlining my understanding of this and the implications it has 

for my methodology. This is followed by a discussion on the general methodology, the 

chaîne opératoire, used in this thesis and how this relates to a social archaeology 

perspective. Typological and terminological considerations are then discussed. The 

following sections then introduce the petrographic analysis undertaken, the knapping 

experiments, the quartz recognition experiments undertaken on participants at the 

Belderrig excavations and the World Archaeological Congress (WAC) in Dublin, the 

experiment with burnt quartz, and finally, the two case studies. 

 

The knapping experiments which form the main pillar of the thesis are detailed in 

Chapter 6, beginning with the selection and collection of the raw materials used, and the 

results from the thin sectioning of the material. The following section outlines the 

experiments, discussing the experiments’ organisation and recording; describing the 

measurements, equipment, and sampling strategy used for the resultant assemblage; and 

definitions of the debitage categories used. The next section presents the analysis of the 
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experimental assemblage followed by an overview and discussion of the experiments 

and results. 

 

Chapter 7 discusses the two quartz recognition experiments conducted on volunteer 

participants at the Belderrig Summer 2008 excavations and at the WAC conference, 

Dublin 2008. These two related experiments, which were dubbed as ‘quartz quizzes’, 

were undertaken in order to understand how quartz artefacts are indentified and 

classified by different people. The chapter introduces the reasons for the quizzes, 

discuss the considerations and decisions regarding the formulation and conducting of 

them, and introduces some previous research pertaining to examining researchers’ 

consistencies and biases in analysing and classifying artefacts and interobserver biases. 

This is followed by an analysis of the experiment, and an overview and discussion of 

the chapter.  

 

Chapter 8 details the experimental burning of a quartz assemblage and the 

subsequent thin sections taken on burnt and unburnt samples, beginning with a 

discussion of previous research and the selection of material, measurements, and the fire 

setting for the present experiment. The chapter then details the results of the experiment 

and the thin sectioning, covering the effects on the appearance of the quartz, its 

fragmentation, and the spatial distribution of the material in the hearth and beyond. The 

chapter concludes with an overview and discussion of the results. 

 

Chapter 9 details the analysis of a part of the Belderrig quartz assemblage, 

introducing the excavations at Belderrig, Co. Mayo and describing the geological and 

palaeoenvironmental context of the area pertinent to the Mesolithic and Neolithic 

periods. The analysis of the assemblage begins with the condition and sources of the 

quartz followed by analysis of the cores and debitage for all contexts, with individual 

contexts subsequently detailed. The non-quartz component of the assemblage is then 

described, followed by an overview and discussion of the analysis. 

 

Chapter 10 details the analysis of the quartz assemblage from the Thornhill 

Neolithic palisaded enclosure, beginning with an introduction to the excavation and the 

main features, followed by a brief overview of other excavations and finds in the 

vicinity and the geological and palaeoecological background to the area. The analysis of 
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the quartz assemblage begins with the condition and sources of the quartz, followed by 

a brief overview of the contexts containing quartz. The analysis proceeds by covering 

the cores and then the debitage, followed by the diagnostic types. The main quartz-

bearing contexts are then presented, followed by a comparison to the non-quartz 

assemblage (which was analysed previously by Nelis (2004)), and an analysis of the 

chaîne opératoires of the quartz component, with the chapter concluding with an 

overview and discussion of the assemblage. 

 

Chapter 11 concludes the thesis with an overview of the various strands of research 

undertaken. 

 

Volume 2 presents the appendices and the excavation plans. The appendices are 

divided into two groups. Appendices A1-A113 are the various tables of data and other 

sundry appendices, while Appendices B1-B26 present photographs of the lithics from 

the knapping experiments, the Belderrig excavation, and the Thornhill excavation and 

are grouped in this manner to facilitate comparison. A glossary of terms used in the 

thesis are presented in Appendix A-1. 

 

The remainder of this chapter discusses the characteristics of quartz in Section 1.2, 

the data sources used in Section 1.3, abbreviations used in Section 1.4, and the 

archiving of the thesis material in Section 1.5. 

 

 

1.2 Characteristics of quartz 
 

Quartz is silicon dioxide (SiO2) and is the most common mineral on earth and a 

significant component of many igneous, sedimentary, and metamorphic rocks. Quartz is 

a hard but brittle mineral which makes it suitable for forming into stone tools and 

subsequent use. In terms of fracturing, almost all quartz does not exhibit cleavage – 

which means it does not have a tendency to break along structural planes in the crystal 

structure – but is instead characterised by conchoidal fracturing, which means that its 

fracture surface has a curved shape. Quartz can be broadly divided into cryptocrystalline 

and macrocrystalline forms.  
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1. Cryptocrystalline forms include flint, chert, and jasper, and are described as rocks 

instead of minerals (as they have less SiO2 in their composition). The conchoidal 

fracturing of the cryptocrystalline materials happens at the micro-scale of the 

individual quartz crystals and at the macro-scale, following a fractal pattern (Idorn 

2005).  

2. Macrocrystalline forms include vein quartz and rock crystal (Anon. 2009); while 

these fall under the umbrella of ‘lithics’ and ‘stone tools’ in archaeological parlance, 

they are in fact minerals. The fracturing at the micro-scale is conchoidal, but a 

fractal pattern may or may not be produced depending on how the crystals have 

aggregated. 

 

The most common formation of macrocrystalline quartz is through the cooling of 

hydrothermal solutions or molten rock. The cooled quartz from hydrothermal solutions 

can form as veins in large or small cracks in rocks (Figure 1-2 and Figure 1-3). The 

conditions (i.e. pressure, time, and position in associated rock) under which the 

hydrothermal solution cools affects whether the macrocrystalline quartz can form as 

automorphic or xenomorphic quartz. 

1. Automorphic quartz implies that during formation the quartz crystals have been able 

to form into a recognisably crystal shape, i.e. that the crystals are euhedral. Thus 

transparent rock crystal is formed; other varieties include the purple amethyst whose 

colour is caused by impurities. 

2. Xenomorphic quartz implies that during formation the quartz crystals have not been 

able to form properly and are “formed through the aggregation of several 

microcrystals, but macroscopically, ha[ve] a solid structure” (de Lombera Hermida 

2009, 7), i.e. the crystals are anhedral. When xenomorphic quartz forms as an 

aggregation, the habit (the general appearance) is termed massive habit (with 

‘massive’ not signifying size but rather signifying the anhedral structure). This 

aggregation of quartz crystals can be formed by a range of crystal sizes which are 

termed grains – the xenomorphic quartz can therefore range from fine-grained to 

coarse-grained quartz. 

The vast majority of vein quartz forms as xenomorphic quartz, but under certain 

circumstances automorphic quartz can form within veins of xenomorphic quartz, i.e. 

quartz with a clear crystal structure, and these can range from very small to large 

crystals. The boundaries of xenomorphic quartz can often have small or large 
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automorphic quartz attached. These veins are not necessarily stable, as subsequent 

tectonic activity can create conditions for the quartz to re-crystallise in different forms 

depending on the conditions.  

 
Figure 1-2 Belderrig, Co. Mayo, about 1km east-northeast of the Belderrig excavations. The cliff is about 
15m high. Prominent veins of quartz cooled from hydrothermal solutions in cracks in the metadolerite 
which underlies the psammite bedrock deformed by the metadolerite. The metadolerite is a 
metamorphosed dolerite and the psammite is a metamorphosed sandstone, i.e. a type of quartzite, which 
also has associated quartz veins (see Figure 1-3) 

 

 
Figure 1-3 Belderrig, Co. Mayo about 600m northeast of the Belderrig excavations. A C-shaped quartz 
vein in the deformed psammite bedrock with overlying psammite eroded away. Numerous thinner, 
parallel veins visible on the cliff to left 
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The initial formation and any subsequent tectonic activity can create internal flaws 

defined as planes (de Lombera Hermida 2009). It is these planes rather than cleavage 

that is important in knapping and quarrying quartz (for quarrying see Ballin 2004) – 

these planes can be seen in Figure 6-2 and Appendix B- 1. Together, the plane and the 

grain of the quartz have important implications for the use of quartz in lithic technology 

in terms of how it will fracture during knapping and withstand stresses during 

subsequent use. For example, a very fine grained quartz with no plane may in effect 

fracture similarly (conchoidally) to cryptocrystalline quartz such as flint, while more 

coarse grained quartz with planes or no planes will fracture irregularly with less clear 

conchoidal fracturing; rock crystal will also fracture conchoidally, but with differences 

to cryptocrystalline materials (as noted by Reher and Frison (1991), see Section 4.3).  

 

While a convenient division of quartz used in stone tool technologies is between 

vein quartz (xenomorphic) and rock crystal (automorphic), in fact vein quartz is 

primarily xenomorphic quartz but can have automorphic quartz attached to it or within 

the vein. This may range from tiny crystals to more substantial ones. De Lombera 

Hermida (2009) suggests a fourfold division, depending on the absence or presence of 

grain and plane. Nevertheless, the division between vein quartz and rock crystal suffices 

in general terms, allowing that ‘vein quartz’ is not homogeneous. Consequently, this 

project has focused on the experimental knapping of vein quartz, and has not sought to 

experiment with rock crystal knapping. Generally, I use the term ‘quartz’ as shorthand 

for vein quartz. 

 

 

1.3 Data sources 
 

A variety of data sources has been used for various parts of the project, including 

topographical data and data on monuments and artefacts. 

 

1. Topographical data 

A number of sources was used to create the maps; when needed, these datasets 

were amended and/or corrected in order to correspond more accurately to the data 

being displayed. 

• 1:50,000 Series digitised OS maps (OSI 2002) 
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• 1:100,000 digitised Bedrock Geology Series (GSI 2005a) 

• 1:500,000 digitised Bedrock Geology Series (GSI 2005b) 

• Land use data from Corine dataset (EPA 2004a) 

• Irish digital elevation model from EPA (2004b)  

 

2. Monuments and Artefacts 

The following were used in addition to data gleaned from the general literature. 

Data from the National Museum of Ireland archives was extracted for the database 

– this involved locating the coordinates for each findspot or townland concerned, 

thus creating a spatial distribution for the artefactual material. 

• Irish monuments – Sites and Monuments Database (2008) 

• Northern Irish monuments and artefact findspots were manually added from 

the online map of the Northern Ireland Sites and Monuments Records Database 

(NIEA 2006) 

• Excavations.ie (Bennett 2005) 

• Irish Stone Axe Project (2006a) 

 

 

1.4 Abbreviations used 
 

In order to avoid the repetitive use of various phrases, a number of abbreviations 

particular to this thesis, and commonly used statistical abbreviations, have been used 

and are outlined below as well as explained in the text. 

 

ANOVA          Analysis of Variance 

BDG               Belderrig 

B.Q.                Beach quartz 

EPA                Environmental Protection Agency 

EXP                Experiment dataset 

H.H.D.            Hard hammer direct 

HSD               Tukey’s honestly significant difference 

GLM               General Linear Model 

GZLM             Generalised Linear Model 
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LSD                Least significant difference 

M.Q.               Metadolerite quartz 

P.Q.                Psammite quartz 

R.Q.                Rose Cottage quartz 

S.H.D.              Soft hammer direct 

TR2                  Trench Two 

UNIANOVA     Univariate Analysis of Variance 

WAC                World Archaeological Congress 

 

 

1.5 Archiving thesis material 
 

Five databases were constructed for this project using Access 2007.  

1. Quartz finds from Ireland database 

2. Experimental knapping database 

3. Experimental burning database 

4. Quartz recognition experiment database 

5. Case studies database 

 

Due to the large amount of entries in these databases, they are not presented in a 

hard copy format in the Appendices. Instead, electronic copies of the quartz finds in 

Ireland database and the three experimental work databases are provided in Excel 

format on the accompanying CD-ROM, which also includes a pdf of the thesis, and an 

interactive map of the quartz finds in Ireland database, and the application to view the 

interactive map. The databases and thesis will also be archived electronically. Details of 

the location of the digital archive can be requested from the School of Archaeology, 

University College Dublin. The experimental knapping and burning artefacts will be 

available for researchers; details for viewing this material can be sought from the 

School of Archaeology, University College Dublin.  
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2 History of Irish lithic research 
 

2.1 Introduction 
 

In order to delimit and contextualise the current project’s aims and methodologies, 

this chapter outlines the predominant strands of Irish lithic research. While not aiming 

to be an exhaustive narrative, this review highlights by example some of the key 

antiquarian and archaeological concerns over the past two centuries. The prehistoric use 

of flint as a lithic raw material has featured centrally in researchers’ ponderings, so 

much so that the Antrim flint deposits were seen as the lynchpin of Irish prehistory for 

most of the period covered in this chapter – indeed, even by some as the raison d’être of 

the post-glacial colonisation of the island. As this thesis is concerned with quartz – a 

flint ‘alternative’ – particular focus will be towards how researchers have 

comprehended and assessed the flint alternative raw materials used in prehistoric 

stonecraft. Although Woodman et al. (2006) have recently provided an overview of raw 

material variability in Ireland, they did not focus attention per se on how previous 

researchers have approached these materials. While quartz use will be mentioned 

throughout, a more specific history of quartz research – in both Ireland and beyond – 

will be provided in Chapter 3 and Chapter 4 respectively. 

 

The eighteenth century European realisation that the antiquity of humankind was far 

greater than had previously been thought led to an investment in the study of lithics, to 

ascertain what they could tell of times past. Section 2.2 outlines the preoccupation with 

the antiquity of stone tools, and discusses the development of the Three Age system, 

and how this seriational and typological concept was initially received, and eventually 

applied, in Ireland. Social Darwinism was a parallel conceptual development to the 

Three Age system, which allowed the drawing of ethnographic parallels between Irish 

prehistory and the contemporary stone tool-using peoples with whom colonialism came 

into contact. Section 2.3 turns to the twentieth century concept of the Culture group, 

where classes and types of lithics were seen as identifying discrete, bounded cultural 

groupings of people. Here, I will outline aspects of the research carried out by Mahr, 

Movius and the Harvard Expedition, and Mitchell, and how they interpreted the lithic 

record. Section 2.4 discusses the new emphasis given towards the quantification, and 
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ethnographically influenced model building, of the lithic record from the 1960’s. A key 

researcher from this time was Woodman, who undertook a series of excavations that 

remain as key Irish Mesolithic sites. From the 1980’s a landscape approach to the 

collecting and analysing of lithics was undertaken, with programmes such as the Bally 

Lough project and the Mt. Oriel project initiating plough zone surveys. Section 2.5 

outlines the limited use-wear, refitting and replication studies that have been carried out, 

and Section, 2.6 discusses the reassessment of older assemblages, which have either 

been previously under-researched, not fully published, or have been assessed in a 

different interpretive light.   
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2.2 The nineteenth century collections 
 

Up to the mid-nineteenth century the bible provided the chronology for the scientific 

interpretation of the past in the Christian world. The timescale of humanity was 

estimated to be about 6000 years, and earlier propositions from the Classical world that 

there had been an age of stone before metal were disregarded because it was considered 

that the bible clearly stated otherwise. However, eighteenth century European 

antiquarian research suggested that the classical writers had in fact been correct, and an 

age of stone preceding that of metal was posited again (Trigger 1989). Consequently, 

the antiquity of stone tools became one of the most focused reasons for the study of 

lithics in Europe, and led to debates in Ireland as to the true antiquity of Irish human 

occupation. In Denmark Thomsen organised an exhibition of Danish antiquities using 

the typological Three Age system; this formed the basis for Worsaae’s work on  the 

prehistory of Denmark in 1843 (Trigger 1989, 81). Subsequently, Worsaae (1845-7) 

visited Ireland, and in presentations to the Royal Irish Academy, he suggested the 

applicability of the Three Age system to Irish prehistory, and posited a Stone Age date 

for the building of megaliths.  

 

Nevertheless, nine years after Worsaae’s presentation, the Royal Irish Academy 

eschewed the Three Age system when it published the first account of Irish stone tools – 

this was part of the catalogue of the Academy’s artefacts which Wilde compiled in 1856 

(Wilde 1857; Waddell 2005, 135). Instead, Wilde used a classificatory model from 

natural history: stone materials were considered as a class, and “flint”, “stone”, and 

“crystal” were considered as orders, thus circumventing the need to explicitly theorise 

on the series of ages implied in the Three Age system. Wilde (1857, 2) suggested that 

this way of presenting the museum’s artefacts was adopted “for convenience sake”. 

Waddell (2005, 136), however, has argued that it is more likely that the idea of 

successive ages was bypassed as it did not tally with the picture of Irish history "that 

was accepted in varying degrees by Petrie, O'Curry and Wilde himself". This version of 

history maintained that the medieval annals provided an exhaustive account of the 

chronology of the past, and these mentioned the use of metal at an early stage. 

Nevertheless, the Three Age system could not be ignored entirely – Wilde (1857, 9, 32) 

commented that a gradual development in stone tool types could be discerned, and that 

the stone tools were the "traces of the first wave of population - the pre-historic data 
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which aid and confirm Bardic traditions", thus leaving open the notion of a pre-metal 

age in Ireland, which fit the model of the Three Age system.    

 

The vast majority of the Academy’s lithics collection came from the northeast of 

Ireland, which is the richest source of Irish in situ flint and also an area where raised 

beaches and diatomite cutting were conducive for the collection of artefacts. As 

elsewhere, flint was considered to have been the premier raw material for stone tools, 

and Wilde (1857, 7) suggested that “the rarity of flint must have rendered these 

weapons very valuable in other districts”. Because flint tools are invariably easier to 

recognise on the ground in comparison to other lithic raw materials a stronger tradition 

of collecting lithics developed in the northeast than elsewhere in Ireland. The 1852 

exhibition of the local Ulster collectors’ artefacts, which was organised in conjunction 

with the Belfast meeting of the British Association for the Advancement of Science, 

highlighted the significance of this tradition – Woodman et al. (2006, 9) comment that 

the exhibition’s catalogue shows that “over twenty individuals had amassed significant 

private collections…many [of which]…do not survive”. Similarly to the Royal Irish 

Academy’s catalogue, the 1852 exhibition and accompanying catalogue did not mention 

the Three Age system (Woodman 1978, 6). 

 

With Lubbock’s (1865) subsequent publication of Pre-historic times, the Three Age 

system slowly gained more widespread acceptance in Ireland. Here, Lubbock also 

introduced a bipartite division of the Stone Age into the Palaeolithic and Neolithic, 

which overshadowed Westropp’s earlier tripartite division which included the 

Mesolithic (Rowley-Conwy 1996). This system of development through the ages 

mirrored the contemporary concern with notions of societal development through 

successive stages from savagery to civilisation. The age of imperialism had brought 

Europeans face to face with what they saw as peoples on a lower rung of humanity, and 

social Darwinism became an explanation and justification for imperialism. Social 

Darwinisn enabled the notion that the natives’ technological ‘stage’ matched their 

societal ‘stage’ on the ladder to civilisation, therefore the stone tool-using communities 

encountered could be viewed as static entities, therefore mirroring how prehistoric 

communities had lived and used their material culture (Trigger 1989). 
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Two decades after Wilde’s catalogue, Gray (1879) published the next general 

account of Irish lithics, this time specifically looking at the flints from northeastern 

Ireland. Again, a key concern was the antiquity of the lithics; he argued that the 

northern artefacts were identical to the oldest material retrieved from sites on the 

continent, which also produced bones of extinct fauna. However, he (1879, 130-2) 

maintained that the stratigraphic position of the lithics in the Irish raised beaches 

suggested that they only occurred in the surface soil, and no extinct faunal remains were 

found amongst them, suggesting a younger age for the lithics. As well as looking at the 

chronological implications, he outlined the characteristics of humanly struck stone and 

the range of forms from cores and flakes, to scrapers and arrowheads. He commented 

that in contradistinction to earlier collectors, his contemporaries now found interest and 

use in collecting and studying the “ruder” types as opposed to the “higher forms” such 

as polished “celts” and arrowheads; from the “ruder” types of flakes, he suggested that 

ethnographic parallels could be made to flakes mounted in handles that he had been sent 

from Australia, and that “even very rude flakes were considered of such value as to be 

deposited in ancient graves” (Gray 1879, 118-9).  

 

Further ethnographic comparisons were made to Irish stone tools in Wood-Martin’s 

(1888) book on The rude stone monuments of Ireland; he suggested that the evidence 

coming from Australia, where a “commerce” in stone tools was observed with stone 

tools being “bartered” over a distance of a hundred miles, could be analogous with the 

finding of Antrim flint in Co. Sligo. Soon after Wood-Martin’s publication, Hardman 

(1889-91) reported on his finds from Australia (where he had been part of a geological 

survey), where he collected various implements that bore “remarkable resemblance to 

ancient Irish weapons”, so much so that he hoped his collection could help understand 

the manner and mode of stone tool use in Irish prehistory. For example, he (1889-91, 

68) argued that similar scrapers were in use there, “but that the Australian implement is 

used for the carving of wood, not for scraping skins, as it is supposed the Irish one was 

intended for”.   

 

Hardman’s article highlights that the ideological posturing of the biological and 

cultural superiority of the Europeans caused inevitable tensions when actually 

encountering the Other face to face. On the one hand, Hardman (1889-91, 58) relayed 

that the Australian aborigine women were so ugly that a colleague of his could not eat 
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after seeing them; while on the other hand, he commented that “another specimen [of 

stone tool]…attests the wonderful delicacy of touch and sense of symmetry which the 

so-called degraded Australian savage possesses”. Moreover, he (1889-91, 61) noted 

change and innovation in the supposed static society, as the ‘natives’ “were not slow to 

discover that glass makes a formidable offensive weapon…they interfere seriously with 

telegraphic communication, by stealing the glass insulators as material for spear-heads”.  

It should be remembered that scholars at this time noted cultural commonalities 

between the ‘natives’ of contemporary Ireland and Australia (see Miles 1854), and 

ethnographic research of the ‘native’ Irish was carried out into the 1930’s by the 

Harvard Expedition (see Waddell 2005).   

 

Along with Gray, Knowles was another key figure in lithic research at this time, and 

discussions on the antiquity of lithics dominated his work, with a life-long quest to 

recognise Palaeolithic lithics in Irish assemblages. Knowles both collected material 

himself as well as buying material through dealers, and he amassed a significant 

collection of lithics, again mainly from the northeast (Woodman et al. 2006, 21). At this 

time archaeology was still an amateur pursuit and collections were almost exclusively in 

private hands, therefore research necessitated either investigating one’s own collection, 

or visiting other individuals’ homes (Knowles 1893, 163). With a substantial collection, 

Knowles was therefore in a good position to write on the subject of stone tools – 

Woodman et al. (2006, 48) estimate that Knowles’ lithic collection amounted to 40,000 

items. However, Woodman et al. (2006, 37-8) comment that Knowles was never a 

typologist per se, and his “attitude to collection and analysis owed as much to his initial 

interest in the natural sciences…as to his archaeological curiosity”.   

 

Knowles did however investigate various aspects of lithic use and manufacture – he 

looked at the colour differentiation on lithics and remnants of cement as evidence for 

hafting of projectiles (1909); ethnographic analogies for axes (1893), scrapers (1898), 

and flakes (1912); and the manufacture and hafting of axes (1893). Importantly, 

Knowles (1898, 367) showed how biases in collecting and dealing of lithics – which 

was a bustling industry – moulded opinion on prehistory. He commented that in Ireland 

scrapers were often ignored by farmers (whom the dealers bought the lithics from), and  

consequently, Irish prehistory was perceived to be lacking in scrapers, even though 

Knowles (1898, 371) had nearly 10,000 in his collection. Knowles noted another 
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instance where the collector used the scrapers as gravel outside his home as he only 

saved the “better class of implement”. Therefore, the fastidious, or not so fastidious, 

collecting by farmers, antiquarians, and dealers shaped the archaeological record. In 

terms of distribution and density of finds, Woodman et al. (2006) noted the relationship 

between the distribution and density of known findspots and the railway network and 

also the ‘territories’ of the various collectors.   

  

Critically, Knowles (1889; 1891; 1898) pointed out on various occasions the 

necessity of looking beyond the ‘flint gaze’, commenting that in areas of Ireland 

without flint, other materials would have been used: he warned that implements in these 

other materials were harder to recognise, which led to a substantial bias in the known 

distribution in prehistoric communities. During Knowles’ (1889, 182, passim) fieldwork 

along the coast of Ireland – investigating numerous sites found in the sandhills – he 

noted the use of various raw materials such as pitchstone, chert, quartz, ‘crystalline 

rocks’, and metamorphic rocks, commenting that “they wrought almost any material 

that came in their way”.   

 

Partly based on Knowles work, Brunicardi (1914, 206) outlined the evidence of the 

midden sites of Ireland; she compared the Irish middens to those from around the world 

and suggested that the finds “point to a race of people in the same plane of civilisation 

as the Danish and Scotch kitchen-midden makers of prehistoric times, and the Fuegian 

and Australian of to-day”. She argued that the lithics suggested a “low grade of 

civilisation” because flint was not exported around the country, but rather, local material 

was used. Citing the work of Lubbock – who called the Fuegians “the most miserable 

specimens of the human race” – and other explorers, she maintained that aboriginal 

Australians and Pacific Islanders were stuck in a stasis of non-development, and in line 

with this theoretical stance argued that the Neolithic shore-dwellers in Ireland were a 

distinct degraded race from the megalithic builders inland.   

 

 

 

 

 



18 

 

2.3 Culture groups 
 

From this early twentieth century description of a subset of peoples as a race, the 

Childean influence of Culture groups is evident when Mahr contemplated the ‘Riverford 

Peoples’’ material culture. Mahr (1937, 306-8) argued that the evidence produced from 

numerous river systems – such as the Bann, the Shannon and the Barrow – suggested 

the presence of a distinct culture; as there was a clear distinction between the “districts” 

of the Riverford People, the coastal sandhill people, and the megalith builders, “there 

must have been either an almost complete cultural separation, or, more likely still, also a 

chronological difference”.   

 

Mahr’s article also highlighted the important role played by the 1930s Harvard 

Expedition to Ireland. Part of this expedition resulted in Movius’ (1942) publication of 

The Irish Stone Age. While ostensibly covering the Stone Age, this book focused 

primarily on the Mesolithic (the Larnian), and omitted discussion of megaliths as these 

were considered to be primarily Bronze Age entities, which went against Worsaae’s 

more accurate speculation a hundred years previously (see above p. 13). Further, while 

titled The Irish Stone Age, his monograph was limited to the northeast: the Antrim flint 

supply was seen as an attractor for settlers (Movius 1942). Indeed, not only was flint 

seen as an attractor, but during the Late-Glacial period the lack of flint in the south of 

Ireland was seen as a reason for the avoidance of the area by the “wandering bands” of 

hunters (Movius 1942, xxi). Therefore, we can see that researchers effectively ignored 

the earlier work of Knowles which had highlighted the use of various local raw  

materials for stone tools, with the result that flint maintained its position as the 

perceived premier raw material and the northeast as the ultimate home of the Irish Stone 

Age.   

 

The 1930s was certainly a tumultuous time to be involved in a project like the 

Harvard Expedition that involved investigations in both Northern and Southern Ireland. 

The Janus-faced nationalism of Ulster Unionism was in full flight; the South, involved 

in its Economic War with Britain, was in the process of divorcing itself from the Empire 

and becoming a republic; and Britain’s relationship with Europe was again in question.  

Movius (1942, xxi) alluded bluntly to the political climate:  

[t]he writer trained as an archaeologist and approaching the problem from 
the purely objective viewpoint of an outsider, sees no valid reason for 
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doubting an intimate relationship between Britain and Ireland on the one 
hand and Northern Europe on the other during Late-Glacial and Early Post-
Glacial times. 

 

Therefore, Movius (1942, 175) typologically aligned the Irish lithic assemblages 

into a British and European cultural group framework, and argued for an Early and Late 

Larnian division; the Late Larnian was typified by heavier woodworking tools, which 

developed with the increase of the post-glacial forests. Movius (1942, xvii) noted that 

Clark’s work on the Mesolithic in Britain was an inspiration for his monograph.  This 

influence, as well as Childe’s, is clearly seen from this extended quote in which he 

outlines the aforementioned Irish connections with Britain and the continent, the effect 

of diffusion on technology, technology on society, and the overarching influence of the 

environment on technology and society: 

Furthermore, the well-established principles of diffusion are clearly 
substantiated by the distribution of Mesolithic settlements in England and 
Ireland. On the periphery influences arrived late, and, due to the proximity 
of the continent, South-Eastern England was farther advanced than Ireland 
and Scotland…Other factors, both climatological and geological, were 
operative, and, in so far as they affected either mode of life or facilities for 
movement, they must be considered by the archaeologist. These also were 
important in the diffusion of new ideas. Unless there was a definite need 
resulting from such a major cause as environmental conditions, traits would 
probably fail to diffuse…As far as Ireland is concerned the arrival of the 
Campignian seems to mark an invasion of new peoples…As in earlier times, 
the North Channel was the line of approach used by the newcomers, who, 
possessing superior equipment, forced the Larnian food collectors inland 
and to the infertile sand dune areas of the coast, and occupied the rich flint 
region of Counties Antrim and Down…In the sand-dune areas of the coasts 
of Northern and Western Ireland, the Larnian survivors clung on to a 
basically food-gathering economy until the Early Christian Period (Movius 
1942, 260-1, 265 emphasis added). 

 

One hundred years after Worsaae had made his presentations to the Royal Irish 

Academy on the Three Age system and placed the megaliths in the Stone Age, 

Macalister (1949) argued that the work of the Movius and the Harvard Expedition – and 

that of Mahr and Evans – enabled him to (happily) “discard the Danish scheme of 

Stone, Bronze, and Iron Ages, with their subdivisions”, and in its place use a 

chronology based “upon types of megalithic monuments, the most important prehistoric 

remains in the country”. In so doing, he (1949, viii-ix) argued for the following 

periodisation:   
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Period Corresponding generally to the: 

Beachcombers Mesolithic 

Protomegalithic Neolithic and Early Bronze Age 

Deutromegalithic Middle Bronze Age 

Epimegalithic Late Bronze Age and Early Iron Age 

Table 2-1 Macalister’s (1949, viii-ix) periodisation 
 

From Table 2-1, we can see the strong emphasis placed on upstanding monuments in 

comparison to other material culture in defining Irish prehistory. Instead of using lithics 

and artefacts as the primary type fossils of analysis, they were treated as merely 

background to the upstanding monuments. Equally, his work involved the 

marginalisation of the beachcombers, regarded as merely a pre-megalithic phase in 

Ireland, and therefore defined by what they did not do (build megaliths). Nevertheless, 

Macalister did recognise – as did Movius – that the raw materials themselves directly 

impacted upon prehistoric peoples; Macalister (1949, 104) suggested that the lack of 

good flint in Co. Sligo and the reliance on the “poor substitute” chert, was a reason for 

the posited early exploitation of metal there.       

 

Woodman (1978, 11) commented that the Harvard expedition defined the concept of 

the Mesolithic in Ireland which survived until well into the seventies. The main figure 

in Mesolithic research at this time was the natural scientist Mitchell, a polymath who 

excavated a number of Mesolithic sites (1949; 1956; 1972b), as well as fieldwalking for 

surface collections, particularly in the midlands where chert dominated the assemblages 

(1970). Mitchell’s 1971 article was the first to make explicit use of interpretations 

drawn from experimental knapping to understand the character of Irish lithics; Mitchell 

(1971) noted his observations of a flint knapping demonstration that produced various 

types of flakes accidentally: flakes which were similar to those that had been considered 

as implements of Irish Mesolithic type. He (1971, 280) therefore asked: “if we harshly 

exclude as possible debitage a great deal of material, what are we left with as true 

implements?”. Rather than investigating what information the debitage products could 

provide, Mitchell focused on actual perceived implement types, taking a minimal view 

of technology and technological analysis.   
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2.4 The New Archaeology 
 

Considering the Irish prehistorians’ bias towards researching monuments, it is not 

surprising that Woodman’s Mesolithic research provided the greatest emphasis on 

lithics. To a much greater extent than Mitchell – who was in many ways an accidental 

archaeologist, whose main interests and majority of his research lay in natural history 

(Anon. 2006b) – and previous researchers, Woodman looked at the lithics specifically 

for what they could tell about the prehistoric society. Following models developed in 

New Archaeology, he used quantitative analysis on the lithics for the first time in 

Ireland, and discussed concepts such as inter-site lithic variability, site catchment 

analysis, and the Binfordian models of foragers and collectors, all of which were 

founded on ethnographic work.  

 

Woodman’s (1978) monograph on the Mesolithic primarily concerned outlining and 

defining the period’s chronology, typology, technology, and economy. His gazetteer of 

all known sites to that date shows a significant northern bias: he listed about 150 sites in 

the north against 40 in the rest of the island. However, he (1978, 208) made clear that 

the earlier notions – including his own (Woodman 1974) – of the Mesolithic 

dependence on the exploitation of Antrim flint, and of initial colonisation occurring in 

the northeast, were no longer tenable. Moving away from the culture group mode of 

description, Woodman (1978, 209) suggested that the term ‘Larnian’ should be reserved 

for a specific core type. Woodman (1978, 209) typologically divided the period into the 

Early Mesolithic microlithic phase, typified by an indirect percussion technique1, and 

Later Mesolithic macrolithic phase, typified by a hard hammer direct percussion 

technique.   

 

The Later Mesolithic was subsequently subdivided in light of the excavations at 

Newferry, Co. Antrim. Woodman (1977) argued that Newferry was primarily a 

temporary fishing site, with evidence for both the Early and Later Mesolithic but 

predominantly the latter; the range of flint lithics were only those non-organic tools that 

survived – the lithics probably represented tools for the maintenance of weirs and traps, 

as well as general purpose tools. He (1977, 193) argued that as the area changed from a 

                                                           
1 Which Woodman subsequently interpreted as soft and hard hammer direct percussion; see Costa et al. 
(2001). 
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series of river channels to marsh the site was gradually abandoned. Woodman (1977, 

160, 185) noted various changes in the lithic assemblage through the zones with more 

evidence of lithic production in earlier than later zones. Woodman (1977, 192) noted 

that over time the range of tools became more restricted, and that a broader flake 

became more dominant; tanged flakes were more common in the earlier zones, with 

these being superseded by the leaf-shaped, butt trimmed flakes in the upper zones – he 

suggested that this change may be related to a difference in hafting as opposed to a 

differing implement type. The raw materials for the axes changed from a predominant 

use of schist to mudstone (1977, 187-9).   

 

Woodman and Johnson’s (1996) article on the Bay Farm 1, Co. Antrim excavations 

was a belated publication of Woodman’s excavation carried out in 1977-80, after that at 

Newferry. At Bay Farm, Later Mesolithic artefacts were uncovered during drainage 

work beside the Antrim coast, and it was hoped that this would enable the examination 

of in situ material, as for the most part “the study of the Irish Mesolithic on the Antrim 

coast [had] been based on material found in geologically re-sorted contexts” (1996, 

138). The Bay Farm excavations revealed stake-holes and pits but no substantial hearths 

(despite expectations); the excavations produced no evidence for settlement per se, but 

rather, the evidence suggested repeated visits to a specialised knapping site. Over 1000 

cores were uncovered as well as primary debitage products consisting of unused flakes. 

Woodman and Johnson (1996, 228) suggested that the products from Bay Farm were 

transported to the Bann Valley and Lough Neagh, to sites such as Newferry – in 

comparison to Bay Farm, the Newferry assemblage contained substantially less cores 

and substantially more retouched pieces, and the communities at Newferry avoided the 

lower quality material available in the Bann Valley itself. Instead, the Newferry flint 

was of a higher quality such as that found on the coast at Bay Farm (Woodman and 

Anderson 1990, 382-3).     

 

While flint was the predominant raw material at both Newferry and Bay Farm, chert 

also appears. At Bay Farm, some of the excavated pits were filled with flint and 

interpreted as lithic caches, but not for blades alone, as some of the same pits contained 

cores as well: the result was that these features were treated as “enigmatic”. In one of 

these “enigmatic” pits a single, large chert flake was found; aside from the chert flake, 

the rest of the flint found in this pit was treated as ‘industrial waste’ (Woodman and 
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Johnson 1996, 155-6). However, the placement of a chert flake amongst the flint 

suggests something more involved than the disposal of industrial waste. This can 

arguably be seen as a purposeful deposition of a different kind of stone amongst the 

more pedestrian flint – if we can call it that – that is abundant in the area.   

 

Woodman began excavations at Ferriter’s Cove, Co. Kerry in 1983, at what was 

presumed to be a Neolithic site. This excavation was instigated to flesh out the Neolithic 

evidence in the region, and ended up examining a Later Mesolithic coastal site; for the 

first time the Mesolithic occupation was seen as extending to the south of the country 

(Woodman et al. 1999). The site has been interpreted as following the model of 

ephemeral Later Mesolithic habitation, and the dating suggests that it was used 

intermittently over a millennium, with three main phases. The lithics at this site 

highlighted the variable types of stone utilised during the Mesolithic, displacing the 

ideas of a flint-dominated/dependant Mesolithic; the assemblage was predominantly of 

locally sourced stone: greenstone, tuff, rhyolite, and flint, with minimal amounts of 

siltstone, quartz, and chert. Beach pebbles were also used, and 13 polished stone axes 

were recovered, five of which had been deposited together (Woodman et al. 1999, 153). 

The authors (1999, 76) commented that the usual Later Mesolithic-type lithics – the 

butt-trimmed flakes and related forms – were proportionally underrepresented at 

Ferriter’s Cove in comparison to other sites, and that, of those present, “few of them 

could be considered classic examples”; they argued “it is important to emphasise 

diversity within the Later Mesolithic assemblages rather than always attempting to fit 

them within one template”.     

 

While Ferriter’s Cove, Newferry, and Bay Farm became type-sites for the Later 

Mesolithic, Woodman’s (1985) 1970’s excavations of an Early Mesolithic settlement at 

Mt. Sandel, Co. Derry acted as a type-site for the Early Mesolithic. Here, Woodman 

used ethnographic research – such as that of Binford, Gould, and Yellen – to determine 

the settlement type, organisation, and size, as well as using site catchment analysis to 

model the range of the community. Woodman (1985, 151-5) suggested that Mt. Sandel 

typified a base camp, and that the immediately local flint was not used, but rather the 

flint sourced from the coast a few kilometres away, along with the minor amount of 

chert; the lithic types were suggested as being an insular form, suggesting that this site 

did not represent the earliest community in Ireland. 
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Another Early Mesolithic site to become a type-site was the interpreted temporary 

camp at Lough Boora, Co. Offaly (Ryan 1980), which is yet to be published. This site 

provided the perfect complement to the Mt. Sandel base camp: at Mt. Sandel they 

overwintered; at Lough Boora they stayed a while. Whereas at Mt. Sandel the 

predominant raw material was (unsurprisingly) flint with some chert, at Lough Boora it 

was chert, with some flint. The flint in a chert dominated assemblage at Lough Boora 

and vice versa for Mt. Sandel, was interpreted as signs of the extent of peoples’ 

movement in the landscape (Woodman 1985, 166), or signatures of exchange and social 

contact (Cooney and Grogan 1999, 24).   

 

All of this research was primarily based around the excavation of specific sites. A 

move towards a landscape approach to archaeology developed a greater appreciation for 

plough zone surveys. While Ulster, and Leinster to a degree, had a tradition of field 

collecting, this had not been done systematically, and was really comprised of artefact 

collecting rather than landscape survey. The Bally Lough Project, in contrast, was 

developed to research the Stone Age on a landscape scale by walking ploughed fields as 

well as test pitting and excavation to assess the surface collections – this was the first 

large-scale, systematic survey of ploughed fields in Ireland (Zvelebil et al. 1992). This 

was soon followed by Cooney’s (1990) survey at Mt. Oriel, Co. Louth, and later by 

projects including Kimball (2000) at Lough Swilly, Co. Donegal, Brady (2002) in the 

Boyne Valley, Co. Meath, and, at a smaller scale, Driscoll (2006) in the Tawin/Maree 

area, Co. Galway.  

 

The Bally Lough Project used the Barrow River system as a regional focus, and 

sought to ascertain evidence for the initial colonisation, the land-use patterns in the 

Mesolithic, and the question of the land-use patterns in terms of the Neolithic transition. 

They initially investigated around the River Barrow’s estuary and then around the 

middle reaches of the river from Carlow to Monasterevin (Zvelebil et al. 1996). This 

region was for the most part devoid of research and early prehistoric evidence, apart 

from the known monuments. Interestingly, considering they subtitled one of their 

articles “the ‘Riverford Culture’ revisited”, the authors assign ground and polished axes 

as post-Mesolithic artefacts (Green and Zvelebil 1990, 65; Zvelebil et al. 1996, 33). The 

initial work on the coast and estuary produced evidence for a rhyolite quarry. The 

authors noted that while the excavations of the quarry showed evidence of sustained 
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(Mesolithic to Bronze Age) and substantial use (over 30,000 lithics excavated from the 

site), lithics made from rhyolite were found almost exclusively in a very local area 

around the quarry (Zvelebil et al. 1987, 18). This apparently highly localised nature of 

rhyolite use led the authors to four questions:   

(1) How intensive was, in fact, rhyolite production, bearing in mind the high 
waste to finished product ratio of its reduction process?  
(2) Who was in control of the rhyolite source – perhaps a group not resident 
in the region?  
(3) Was rhyolite obtained for export, and if so, what was its destination?  
(4) Why did local the local people ignore the advantages of this raw material 
[over the local small pebble flint] for making large and medium-sized tools? 
(Green and Zvelebil 1990, 70). 

 

The predominant raw material was flint from small beach pebbles, with a small 

amount of chert, basalt, and quartz; the authors (1990) suggested that the coastal and 

estuarine areas were favoured in the Mesolithic compared to inland, and the lack of 

riverine evidence in this area may be due to peat formation and alluvial events, therefore 

biasing their survey results. 

 

The survey then continued in following years, taking place some 70 km upriver from 

the estuary. The density of lithics was smaller in the basin in comparison to the estuary, 

leading the authors to suggest this may have been due to alluvial deposition and the use 

of the coastal area as primary reduction sites, hence creating more artefacts, or due to 

the ease with which worked flint in the estuary was spotted by the researchers, 

compared to the more predominant basalt/rhyolite material inland which was not as 

straightforward to identify as worked (Zvelebil et al. 1996, 31). Inland the (prehistoric, 

not specifically Mesolithic) lithic raw material changed, with a preponderance of chert, 

basalts, andesites and rhyolites – flint accounted for 20% of the lithics, with the authors 

suggesting that the larger flint tools were imported from outside the region, as the 

available flint nodule size was too small for such tool-making; 5% of the lithics were 

quartz or quartzite (Zvelebil et al. 1996, 21-3).  

 

Looking at the authors’ Appendix A where they list the finds by find area, one 

initially gets the impression that chert and flint are the almost exclusive raw materials 

collected, but a footnote explains that they have used the term ‘chert’ to denote “a 

variety of non-flint materials...and subsumes Basalt, Rhyolite, Chert, Slate and other 

materials (Zvelebil et al. 1996, 38-9 emphasis added). While this can be seen as simply 
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a convenient way of reducing the size of an appendix, it clearly is not a helpful way of 

outlining research findings; it reduces the actual variability seen in the findings, and 

creates the impression that material is flint or ‘non-flint’.  

 

Kimball (2000) designed his Lough Swilly Survey to investigate the Neolithic 

transition in Co. Donegal through fieldwalking of ploughed fields, and to compare his 

results to that of the Bally Lough Project. He argued that whereas the Bally Lough 

Project’s results showed continuity in geographical locations over the transition, his 

results showed that Mesolithic evidence was located solely in aquatic locations (as 

defined by his division of ecotones) and post-Mesolithic was more widespread (Kimball 

2000, 77). Further, he argued that discontinuity is apparent in the lithic material use and 

procurement strategies, with Later Mesolithic characterised by the use of non-local flint, 

and the post-Mesolithic characterised by local flint, apart from the axes. Kimball argued 

that the Later Mesolithic implements were too large to be made from local flint, and that 

their source of suitable flint was 50km away. However, his thesis was based on finding 

21 diagnostic Later Mesolithic artefacts out of 100 tilled fields, and he also noted that 

only two quartz artefacts were collected even though “natural quartz is ubiquitous, 

which probably suggests that worked quartz is underrepresented in the survey’s sample” 

(Kimball 2000, 25). Further, his survey team almost exclusively collected flint, hinting 

that other raw materials may well have been missed in addition to quartz. 

 

  

2.5 Use-wear, Refitting, and replication 
 

Woodman instigated the first application of use-wear analysis on Irish lithics, with 

Dumont’s (1985) work on the Mt. Sandel flint assemblage which revealed signs of 

extensive use. However, Anderson and Johnson (1993, 98) have hinted that Dumont 

may have overstated the case of the evidence for use-wear on that assemblage. Use-

wear analysis was conducted on the Bay Farm flint assemblage, but the analysis was 

ultimately “not successful”, with Anderson (1996, 234) suggesting that possible use was 

masked by post-depositional surface modification. The Ferriter’s Cove assemblage was 

tested for use-wear – this time on non-flint, and unretouched artefacts. The results 

suggested that of the 49 pieces tested, none showed signs of extensive use, and a few 

showed signs of possible use. One of the siltstone points had possible traces of birch tar, 
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perhaps indicating hafting. Another showed evidence of scraping animal material as 

well as polish which was suggested as being formed by rubbing against a cover during 

transport, implying that this lithic was “curated” and “valued” (Woodman et al. 1999, 

68-70). Bamforth and Woodman (2004) approached use-wear analysis from a different 

angle than previously, when they analysed scrapers from surface collections, hoards, 

and excavations in order to look at material from a regional perspective in northeastern 

Ireland. This was done to ascertain the possible spectrum of mobility of Neolithic 

communities in that area. The wear marks suggested that the larger convex scrapers 

were used for scraping hides and the smaller for scraping wood; as scrapers were 

reduced in size due to resharpening, their use switched use to wood. The hollow 

scrapers were used for scraping wood and a number of them for cutting.  

 

While Knowles (1897, 17) had commented on French research that used refitting of 

lithics in their analysis, it was almost a century later before this technique was used in 

Ireland. The Windy Ridge assemblage was subjected to refitting, in this case to 

understand the spatial distribution of the flint scatter and the function of the site 

(Woodman et al. 1991-92, 29). Refitting was also carried out on the flint, tuff, and 

greenstone assemblage from Ferriter’s Cove, again to attempt to ascertain the spatial 

distribution and the reduction sequences carried out (Woodman et al. 1999). The Bay 

Farm assemblage’s refitting was undertaken in order to understand the reduction 

sequence of the ‘Larnian’ core, specifically to ascertain whether the production of broad 

‘Bann’ flakes was deliberate or incidental, as well as to understand the spatial 

distribution of the lithics (Anderson and Johnson 1993, 83). The results suggested that 

the reduction sequence was “very repetitive and predictable”, and that the full range of 

broad blades, flakes, and leaf-shaped flakes were the result of the sequence, but no 

preferential production of one type of lithic could be discerned. Woodman and Johnson 

(1996, 221) suggested that:  

[t]he classic uniplane core is not so much an integral feature during the 
reduction of a core but rather a frequent by-product which is a limitation to 
the further effective utilisation of the core. It has also been shown that 
frequently very few useful flakes and blades are produced from each core, 
with the result that large quantities of by-products are left after the 
production of a relatively small number of usable flakes.        

 

The experimental knapping of stone to answer questions concerning archaeological 

artefacts dates back to the nineteenth century, with an explosion of experimental work 
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from the mid-twentieth century (see Johnson et al. 1978; Flenniken 1984). “Limited” 

experimental knapping of siltstone and rhyolite was conducted during the Ferriter’s 

Cove excavations (Woodman et al. 1999). The results of this knapping did not feature 

greatly in the monograph, and appears to have been undertaken on a casual basis, or at 

least the results did not merit a full discussion. The only other published experimental 

knapping project in Ireland investigated axe manufacturing techniques (Mandal et al. 

2004). This experimental work resulted from the research of the Irish Stone Axe 

Project, which undertook an extensive review of Irish stone axes, of which over 20,000 

have been catalogued. Similarly to the Mesolithic material, the distribution of axes is 

biased towards the northeast of the country. Over half of the axes in the database have 

been macroscopically examined, and a single raw material, porcellanite, accounts for 

over half of these (Cooney and Mandal 1998, 58). The two known porcellanite quarries 

are located in Antrim, and nearly a third of the identified porcellanite axes are 

roughouts, and only about 2% of porcellanite axes are provenanced outside of Ulster 

(2006a). The next most common raw materials were shale and mudstone, with over 

nearly 4,000 identified; c. 15 % of these are also from Antrim (2006a).   

 

Mandal et al.’s (2004) experimental work on axes primarily used shale as a raw 

material, as well as one attempt using porphyritic dolerite. The authors’ questions for 

the experiments were, 1) what was the most efficient method of making a stone axe; 2) 

what time and effort was required for the different materials and techniques; 3) and 

what tools were required? The experimentation initially produced 4 axes, and then two 

experienced knappers joined the project, and taught them techniques for raw material 

selection and production. The experiment led the authors (2004, 121-2) to conclude: 

that the manufacturing of axes is a “craft”, the “craft can be taught”, and the skills 

needed to produce high quality tools from some rock types “cannot easily be learned”. 

Again, similarly to Woodman’s assessment of technology and technological practices, 

this experiment was based on the notion of the rational actor as the driving force of 

technological practices. However, other research on prehistoric axe manufacturing 

techniques has suggested that technological choices are often dependent on cultural 

understandings of the ‘right’ way to work material, rather than on raw material qualities 

or the most efficient method of manufacture (Petrequin 1993).      
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2.6 Re-assessing old assemblages 
 

In 1993, McCartan and Anderson (1993) produced a list of published Irish lithic 

research from 1977 to that year. Of the 76 articles cited (of which five concerned the 

Isle of Man), over half were either short reports or brief mentions of finds. Eight papers 

concerned the typology of individual types such as maceheads, while 12 were 

substantial papers: of these 12, three were on the Bally Lough Project mentioned above 

and seven were by Woodman. This list highlights conspicuously that most of the work 

on lithics has been relegated to brief listings and addenda to reports. Consequently, 

many lithic assemblages have received little attention, as the sites were either not fully 

published, or the finds of lithics were glossed over. Since then the pattern has been 

reinforced – while there has been a massive increase in the amount of archaeological 

excavations since 1993 due to the development boom, few of these have reached 

publication, and detailed lithic analyses, such as use-wear or reduction sequencing, 

rarely factors into the report equation.    

 

Since 1993, however, a number of older assemblages have been reassessed, such as 

those from, Lyles Hill, Co. Antrim (Nelis 2003); Mesolithic material from the midlands 

(Little 2005); and the Bally Lough Project’s assemblage (Kador 2007b). The Irish Stone 

Axe Project mentioned previously has focused on the multitude of stone axes that have 

been collected over the years (Cooney and Mandal 1998), and Woodman et al. (2006) 

have analysed the Keiller-Knowles collection of 15,000 items which had gone 

unrecorded in the National Museum for 70 years – this collection is predominantly 

comprised of Knowles’ collection mentioned earlier, but is much reduced from his 

original collection of 40,000. In the context of this publication, Woodman et al. (2006) 

have also provided an overview of Irish stonecraft, which has not been attempted since 

Wilde’s catalogue, published 150 years ago. Three other reassessed assemblages with 

quartz components – Lough Gur, Co. Limerick (Woodman and Scannell 1993); the 

Ballyglass, Co. Mayo Neolithic house and court tomb assemblage (Warren 

Forthcoming) and the Behy Co. Mayo court tomb assemblage (Dolan and Warren 2006) 

– will be discussed in the next chapter.   
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2.7   Overview and Discussion 
 

The nineteenth and early twentieth century’s collectors were predominantly based in 

the north east of Ireland, where a relative abundance of flint – and geographical features 

such as raised beaches and diatomite – allowed an intensity of collection not witnessed 

elsewhere in Ireland. This intensity of collection, which portrayed itself as an intensity 

of prehistoric settlement, has had an enduring legacy on perceptions of Irish prehistory. 

While researchers such as Knowles rightly pointed out that collectors should look 

beyond the flint gaze, and that other raw materials were valid in their own right, others 

such as Brunicardi regarded flint as the standard, and the lack of a trade in it as signs of 

the backwardness of the prehistoric communities. For the slim evidence there was of a 

flint trade around the country, ethnographic parallels were drawn between Irish 

prehistoric communities and what was witnessed in colonial Australia. The apparent 

preponderance of the use of flint, however, was not a major issue of the time, and for 

the most part was taken for granted, with more focus and energy spent on determining 

the antiquity of the stone tools, and debates raged on their correct place in a European-

wide Stone Age chronology; this chronology was by the latter half of the nineteenth 

century divided into an earlier Palaeolithic phase, and a later Neolithic phase, and then 

in the twentieth century an intervening Mesolithic phase was accepted. 

 

The existence of contemporary stone tool-using communities also had to be factored 

in to understandings of the chronology of the past, and the development of technology 

in particular, why some peoples continued using stone tools, while others had not. This 

was highly contentious, and provoked various theories, which by the late nineteenth 

century were dominated by a ‘scientific’ Social Darwinian approach, providing a theory 

that suggested that surviving stone tool-using societies had simply not progressed to a 

higher stage of civilisation. Meetings between Europeans and stone tool-using 

Aboriginal Australians, as well as those in the Americas, led to speculation as to the 

function and use of Irish stone tools, and these communities were seen as mirrors as to 

how the stone tool users in prehistoric Europe had lived. ‘Scrapers’ were seen to have 

been used for more than scraping, and importantly, it was noted that plain, non-

diagnostic flakes were often tools, and that not just ‘formal’ tools from the 

archaeological record should be studied (Hardman 1889-91) – a lesson that is still often 

ignored today.   
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With a wealth of upstanding prehistoric monuments to study, lithic research took 

second place to megaliths – as noted, Macalister even used megaliths, and megalith 

building, as chronological markers instead of the Three Age system. Looking at the 

topics chosen for research by archaeology post-graduates in the Irish universities from 

1970 to 2004, out of 519 theses surveyed, just 3.3% focused on lithics. When looking at 

theses that covered the prehistoric period alone (Figure 2-2), this figure moves to 11.8% 

(n-17), and 13.9% (n-20) if the stone axe studies are also included.2 

 

 
Figure 2-2 Prehistoric theses from Irish and Northern Irish universities by topic, 1970-2004 

 

In the mid-twentieth century numerous non-flint assemblages began to be collected, 

connected with the drainage work in the midlands. Here, chert-dominated assemblages 

dating mainly to the Mesolithic were surface collected and excavated. However, while 

Mitchell used the results of the experimental knapping he witnessed to assess the 

assemblages he collected, he concluded that most was waste, and went on to focus on 

‘formal’ types only in his assessment of the archaeological assemblages. For the most 

part these non-flint assemblages from the midlands were overlooked by the wider 

archaeological community and research focus remained on monuments, and flint 

assemblages.  

 
                                                           
2 This analysis of theses was undertaken by assessing all post-graduate theses submitted to the 
archaeology departments in NUI, Galway, UCC, UCD, and Queens University between 1970 and 2004, 
with the subject matter determined by the thesis title. 
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With a focus on megaliths, it was left mostly to Mesolithic researchers to focus on 

the lithic record. Woodman excavated Early and Later Mesolithic sites – as well as 

some post-Mesolithic sites – and investigated the lithic record from a typological and 

technological approach, mainly based on flint assemblages. His Ferriter’s Cove 

excavation allowed this approach to be extended to a non-flint assemblage. In the 

1980’s, the landscape approach to the archaeological record was a development away 

from single sites and upstanding monuments, whereby ploughed fields were 

systematically investigated.  Similarly, the focus of the lithic analysis in these 

assemblages was based on both a typological and technological approach.   

 

In Ireland the application of use-wear, refitting, and replication methods to analyse 

lithics has been limited in Ireland, and has mostly been instigated by Woodman’s 

excavations. An exception is the small replication experiment conducted on the 

manufacture of stone axes; this was undertaken as part of the more extensive, long term 

project headed by Cooney and Mandel which has catalogued and analysed Irish stone 

axes. None of these methods have yet been used on the lithic assemblages that have 

been produced by development-led excavations, most of which have yet to be 

published. 
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3 Quartz lithic research in Ireland 
 

3.1 Introduction 
 

In the last chapter I outlined a general history of lithic research in Ireland, describing 

some of the main preoccupations of researchers. In this chapter I will turn attention 

specifically to quartz research in Ireland. Section 3.2 discusses the position of quartz 

research here; I will discuss the neglect of quartz research, and how this has had 

implications for misunderstandings of the prehistoric use of quartz. I will focus on two 

areas that have produced concentrations of quartz and have recently had parts of the 

assemblages reassessed – Lough Gur, Co. Limerick and sites from north Co. Mayo. 

This will be followed in Section 3.3 by a discussion of the findings of the database of 

quartz finds. This database has been formulated by a literature review, the 

excavations.ie database, and an archive search in the National Museum, Dublin, and has 

highlighted the widespread use of quartz throughout Ireland.  

 

 

3.2 Irish research 
 

As we saw in Chapter 2 quartz3 had been identified in the archaeological record 

from the time of Knowles’ work in the late nineteenth century; the amount of quartz 

collected was minor, however, and made no impact on general discussions of 

prehistory. In Macalister’s (1949, 179) second edition to The Archaeology of Ireland, 

quartz is cited in relation to magical stones, such as “so frequently found in tomb-

deposits”. Macalister’s publication came out just as Ó Ríordáin (Ó Ríordáin and Ó 

Danachair 1947) began publishing the Lough Gur (Figure 3-1) excavations mentioned 

in Chapter 2, which were the first excavations to produce a lithic assemblage with a 

substantial quartz component.  

 

 
                                                           
3 The term ‘quartz’ is generally used in the literature to cover both vein quartz (xenomorphic quartz) 
which consists of an aggregation of quartz crystals and individual quartz crystals (automorphic quartz) 
usually called rock crystal. Therefore, in the following literature review ‘quartz’ by itself is generally a 
shorthand for vein quartz, but also can mean both xenomorphic and automorphic quartzes. 
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Figure 3-1 Locations mentioned in Chapter 3 
 

In Ó Ríordáin’s articles, however, little discussion was undertaken on the lithic 

assemblage, with more emphasis placed on the pottery assemblage as well as on the 

structural components excavated. Subsequently, while quartz tools have continued to be 

found over the years, they have rarely been mentioned in the literature, and prehistoric 

quartz has primarily been viewed in the context of megalithic monuments, especially as 

these types of sites were chosen for exploration and excavation, thus compounding this 

view. A prime example of this can be seen in Waddell’s (1998) introductory textbook 

on Irish prehistory – while quartz is mentioned in the text, for instance in relation to one 
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of Irish archaeology’s most famous icons, the quartz facade at Newgrange, the index 

has just one entry for quartz, and ironically this is related to quartz found during the 

excavations which uncovered a series of pits, stake holes and  ditch with Neolithic 

artefacts at Langford Lodge, Co. Antrim (Figure 3-1), the premier flint region of 

Ireland. 

 

In Woodman et al.’s (2006) recent overview of quartz use in prehistoric stonecraft, 

they noted eight sites with quartz and mentioned that it occurs at a number of other 

sites. They suggest that “[a]lthough quartz is relatively common across Ireland as vein 

deposits, it is often poor grained and has a sugary texture, making it unsuitable for 

flaking”, and, comment on the difficulties faced in the identification and classification 

of quartz artefacts (Woodman et al. 2006, 84). They make the distinction between vein 

quartz and rock crystal, suggesting the latter was used more frequently for stone tools.    

 

The fact that the widespread use of quartz as stone tools has not been acknowledged 

can lead to misconceptions within the archaeological record. For example, the folklorist 

Thompson (2004), calling for a greater degree of openness on the part of archaeologists 

towards the insights of the sì tradition in folklore in their research, uses the example of 

quartz  use in Ireland in prehistoric and historic times. Citing a paper by Gibbons and 

Higgins, Thompson (2004, 359) notes that they regard the use of quartz in monumental 

structures as having elusive ritual meanings; he argues, however, that this is incorrect 

and that quartz is mentioned in folklore and much can be learned from these – primarily, 

quartz is not to be used by the living but reserved for places of the dead, and quartz is 

intimately related to the sì (the sì meaning both the burial mounds and the spirits of the 

mounds).  He goes on to argue:  

[t]his reveals continuity at several levels: one is simply the remembrance of 
Newgrange as “shimmering” and of its use of white quartz crystals...Even 
more pronounced, if more subtle, is the common thread that white quartz 
crystals (clocha geala/clocha uaisle), are closely associated with the sì, and 
are appropriate only for thanatopic architecture. This is true whether in the 
ancient sites, old church graveyards, or in the graveyards and folk beliefs of 
traditional Ireland today. There is no effective break in this tradition, from 
the Neolithic on down, although it may be currently less pervasive than in 
the past (Thompson 2004, 360-1, emphasis added).     

 

Therefore, we can see that as a consequence of archaeologists failing to bring 

attention to the widespread ‘mundane’ use of quartz, researchers from outside the field 
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have a skewed sense of the role that quartz played in prehistory; while quartz was 

clearly a substance that held special ritual properties and purposes, it was also used by 

the living in their stone tool repertoires, and therefore there would appear to be a break 

in the tradition of quartz use since the Neolithic and Bronze Age. 

 

 

3.2.1 Lough Gur and its environs 
 

The Lough Gur (Figure 3-1 and Figure 3-2) excavations were the first to reveal a 

substantial quartz component within a lithic assemblage; the intensity of excavations in 

this area, as well as the building of a gas pipeline nearby, led it to have the greatest 

concentration of quartz finds in Ireland. Quartz was found at nearly all of the prehistoric 

sites excavated (Ó Ríordáin and Ó Danachair 1947; Ó Ríordáin 1951, 1954; Ó Ríordáin 

and Ó h-Iceadha 1955; Grogan and Eogan 1987; Woodman and Scannell 1993), as well 

as a minor amount from Rathjordan (Ó Ríordáin 1947) and Cush (Ó Ríordáin 1940) 

which were also excavated at the time. Added to these are the more recent finds from 

the gas pipeline excavations (Gowan 1988) – some of which can be noted as the 

relatively straight line of finds in Figure 3-2 – and another research excavation at 

Chancellorsland, Tipperary (Doody 1993b).    

 
Figure 3-2 Lough Gur area’s sites with quartz. Inset: Lough Gur sites with quartz 
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Ó Ríordáin’s (1949; 1951; 1954) excavations of various Neolithic and Bronze Age 

settlement and ceremonial sites at Lough Gur began in the 1930s and continued for 18 

years; his excavations were added to in the 1950s by Liversage (1958), and in the 

1990’s by Cleary (2003). Thousands of lithics were collected during the various 

excavations (Woodman and Scannell 1993), along with over 400 axes (2006a) – 

however, it is unclear what collection strategy was used during the excavations and 

what the retention policy was during post-excavation. In Woodman and Scannell’s 

(1993, 54) table of the raw materials from a selection of six sites, there are 1300 flint, 

219 quartz, 188 chert, and 87 greenstone artefacts, showing a predominance of flint; 

however, this selection is skewed as the chert-dominated site – Site 10 – is not included. 

(The quartz database in this thesis provides a minimum count of 457 quartz artefacts for 

all of the Lough Gur sites, see Section 3.3.)  

 

There is a debate as to why chert may be under-represented in the record, in a region 

where chert would be available – one possibility given is that Ó Ríordáin may have 

initially overlooked chert, and that it occurs more often during his later excavations 

when he became more familiar with the material (Woodman and Scannell 1993, 54); the 

authors suggested that the Lough Gur assemblage probably represents “an accumulation 

through time of a limited selection of highly curated artefacts, particularly arrowheads 

and axeheads” and that this “may have to do with specialist activities and ritual as with 

settlement”. Woodman and Scannell (1993, 54) suggested that the predominance of flint 

follows a similar pattern elsewhere in the southwest for later prehistory, even in areas 

where chert was available, and that the use of quartz in the area “may be a simple 

expedient use of a convenient resource”. This comment is similar to Herity’s (1987, 

146) suggestion that chert was used as a substitute for flint, as opposed to it being a 

valid raw material in its own right. 

 

Woodman and Scannell’s (1993) reassessment of part of the Lough Gur lithic 

assemblage was based on Scannell’s (1992) thesis which looked at the effect of raw 

material availability on the prehistoric lithic traditions in the area. She noted that some 

of the excavated material was unobtainable, including the quartz from Site A. Another 

problem encountered was that due “to the nature of some of the quartz in the 

assemblages, coarse grained and brittle, it was difficult to identify pieces which had 

been struck and in some cases pieces which had been retouched” (Scannell 1992, 22). 
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While the Lough Gur assemblage consisted of both vein quartz and rock crystal, with 

many of the sites dominated by rock crystal (see  Grogan and Eogan 1987), Scannell’s 

(1992, 30) metrical analysis does not differentiate between them, and she describes the 

rock crystal as “fine grained” which suggests fine grained vein quartz instead of actual 

crystals. Therefore it is unclear whether these artefacts are indeed vein quartz or crystal. 

Scannell’s analysis does not appear to take the fragmentation of the quartz into account 

and the various metrics for the flakes/blades provided do not appear to differentiate 

between complete and fragmented flakes/blades. Scannell described the use of quartz at 

Lough Gur as a “necessity” (1992, 38), and argued that “[p]ercussion hammering 

seldom produces the required tools, However [sic] bipolar percussion offers a more 

advantageous method of producing the preferred tool types”. Although no references are 

cited, this would seem to follow the common notion of the ubiquity, indeed the 

necessity, of a bipolar technique when working quartz (see Chapter 4). Furthermore, 

while she noted an apparent preference to use the bipolar technique to knap quartz, she 

does not consider that the bipolar cores may have been first reduced as platform cores, 

as implied by the amount of non-bipolar quartz flakes and blades in the assemblages. 

 

Two Neolithic houses were excavated at Tankardstown South close to Lough Gur 

(Figure 3-2) and produced a small lithic assemblage of 72 artefacts, predominantly flint; 

Woodman  (n.d.) noted that the assemblage bore a resemblance to Sites A and B at 

Lough Gur, and that the diagnostic types (leaf-shaped arrowhead, scrapers, and 

retouched pieces) fitted with Early Neolithic type lithics. The quartz consisted of a 

possible platform core and a possible scalar4 (bipolar) core, three rock crystal flakes, 

along with pieces deemed to be natural: one pebble, three fractured pebbles, three small 

fragments, and one crystal (Woodman n.d.). While no spatial contexts were provided, 

Smyth (2006b) notes that the quartz material came from both houses. 

 

 

3.2.2 North Mayo 
 

The north coast of Mayo (Figure 3-1 and Figure 3-3) has seen an intensity of 

archaeological activity instigated by the discovery of prehistoric field boundaries under 

the bog; parts of these have been probed, primarily around the Céide field system, along 
                                                           
4 A number of researchers use the term ‘scalar core’ to mean cores produced using a bipolar technique. 



39 

 

with a number of excavations of the boundaries and related settlement sites (Caulfield 

1983), which for the most part have not been published. The findings of the field 

systems led to the excavation of megaliths at Behy and Ballyglass; the latter excavations 

consequently uncovered house and hut sites (Ó Nualláin 1972, 1998), and also to 

development-led excavations in preparation for the interpretive centre at Céide (Byrne 

1989b), as well as more the recent research excavations at Rathlackan (Byrne 1993b) 

and the lithic scatter at Belderrig (Warren 2009b), the primary case study of this thesis. 

These excavations have almost invariably produced quartz finds, ranging from a minor 

percentage of the assemblage to a majority of the assemblage. With the excavations 

having taken place under different standards of recording and indeed different concepts 

of artefact retrieval and retention – even for ‘standard’ material such as flint – it is 

difficult to provide a clear assessment of the raw material variability at the sites, 

especially in terms of the quartz component.  

 

 
Figure 3-3 North Mayo. Land use and archaeological sites. Land use adapted from Corine dataset 
(EPA 2004a) 
 

The assemblages from the Behy and Ballyglass no. 13 court tombs, originally 

excavated in the 1960s and 1970s, have recently been analysed for the forthcoming 

publications (Dolan and Warren 2006; Warren Forthcoming). A second court tomb at 
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Ballyglass no. 14 and associated structures was excavated at the same time, belatedly 

published in 1998 (Ó Nualláin 1998). A fourth court  tomb, at Rathlackan, was 

excavated in the 1980s, and has not been published (Byrne 1993b).   

 

Excavations initially took place at Behy, and Dolan and Warren (2006) noted that 

the “notebooks for Behy suggest that very early on in the first season of excavation the 

importance of quartz was recognised and the difficulties in identifying bulbs of 

percussion on the material were noted”; just under 63% of the lithic assemblage was 

quartz (total assemblage 597), along with two rock crystal flakes/blades. The non-quartz 

assemblage was primarily non-retouched flakes of chert and flint, with two flint bipolar 

cores and a chert platform core; the retouched component consisted of over a third 

concave scrapers, along with other scraper types, projectiles, and various other types 

(Dolan and Warren 2006). Six platform and five bipolar quartz cores were noted, with 

some of the bipolar cores being bipolar-on-platform cores; four of the quartz artefacts 

were retouched – two as points and two as scrapers (Dolan and Warren 2006). Warren 

and Dolan (2006) noted that 57% of the quartz artefacts was broken; looking at the 

identified flakes only, 71% (n=190) was fragments. Warren and Dolan (2006) 

commented that “is not surprising that the quartz has a high incidence of breakage as it 

is prone to fracture as part of the knapping process”. This rate of breakage is, however, 

actually much lower than that noted during the present analyses of the experimental 

knapping and two case study assemblages – 88% of the experimental flakes was 

fragments as was about 95% of the two case study assemblages’ flakes (see Chapters’ 6, 

9 and 10). This may suggest that there was a greater emphasis on the deposition of 

complete quartz flakes at Behy, or may suggest that the excavators retained more 

complete flakes than fragments. 

 

At Ballyglass no. 13, which was excavated shortly after Behy, quartz forms less than 

9% of assemblage (total assemblage 805), and Warren (Forthcoming) suggests that the 

retention during excavation and post-excavation appears to have been low and should be 

seen as a minimum count. Ballyglass no. 13 uncovered a court tomb, which partially 

overlay a rectangular house, and had a series of pits outside the tomb. The non-quartz 

component was primarily chert with about 20% flint and dominated by non-retouched 

flakes; 25% of the entire assemblage was retouched and 45% of this was concave 

scrapers, with the rest consisting of other scrapers, projectiles, and various other types 
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(Warren Forthcoming). The assemblage was suggested to represent a Middle to Later 

Neolithic assemblage (Warren Forthcoming). The quartz (62 quartz and 9 rock crystal) 

was dominated by non-retouched flakes, with five bipolar cores (four rock crystal). 

Most of the quartz came from the pits, with eight artefacts from the house and one non-

worked rock crystal from the court tomb. One rock crystal leaf-shaped arrowhead came 

from a posthole in the house (Warren Forthcoming). This appears to be the only 

example of a quartz projectile in the Irish archaeological record. 

 

As with the quartz from Ballyglass no. 13, at Ballyglass no. 14 the analysis of the 

quartz may be problematical – while a substantial amount of small fragments of quartz 

(2.5 kg) were collected from the topsoil during excavations, only two were regarded as 

“unequivocal artefacts”, out of a total assemblage of 2300, excluding the discounted 

quartz (Ó Nualláin 1998, 140). At Rathlackan, the initial reports stated that quartz 

comprised 23% of the lithic assemblage (total assemblage 700) (Byrne 1993b).  

 

About 50km south as the crow flies from the Ballyglass house, a Neolithic house 

was excavated at Gortaroe, west Co. Mayo (Figure 3-1) with dates of 3623-3105 cal BC 

from the foundation trench and 3907-3641 cal BC from an internal posthole (Gillespie 

Forthcoming). Here, 261 lithic artefacts, of which 86 were quartz; the type of quartz 

was not mentioned, which may suggest that it was vein quartz with no rock crystal 

(Milliken Forthcoming). The chert and flint assemblage was primarily flakes, with a 

javelin head, a number of arrowheads and scrapers; the four arrowheads were leaf-

shaped arrowheads while nearly half (n=4) of the scrapers were hollow scrapers 

(Milliken Forthcoming). Leaf-shaped arrowheads are seen as earlier Neolithic types, 

while hollow scrapers are seen as later Neolithic types (Woodman et al. 2006). The non-

quartz assemblage was seen as primarily bipolar-based with all the cores (n=6) 

identified as bipolar; the quartz artefacts (57 “flakes”, four “flake fragments”, one 

“fragment”, and 24 “chunks”), however, remained unassigned to a technique (i.e. either 

bipolar or direct percussion). The quartz and non-quartz artefacts came from the 

foundation trenches (17 quartz), the house interior (one quartz), internal pits (70 quartz) 

and external pits (two quartz). The flake breakage rate of 6.6% (4.6% of total debitage) 

is extremely low; as noted in relation to Behy above, 88% of the experimental flakes of 

this project were fragments.  
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Back to the north Mayo coast, other quartz finds from the area are from the pre-bog 

field system and Bronze Age settlement at Beldergbeg (unpublished (Caulfield 1971b)), 

and the lithic scatters identified at Belderrig, Céide fields, and Glenulra. The latter lithic 

scatter was identified after an extension to a road built through the bog unearthed lithics 

which were subsequently spotted by chance in the spoilheap, and led to the excavation 

of the disturbed area as well as the trowelling of most of the initial spoilheap; the 

assemblage amounted to 1100 lithics, of which 25% were quartz (Byrne 1992a). These 

assemblages have not been analysed.          

 

Figure 3-3 shows the four excavated court tombs along with the distribution of the 

other court tombs and possible early-type megaliths on the north coast of Mayo. This 

map also shows the relationship between excavated finds and non-excavated finds from 

the area. One of the key issues in assessing distribution maps of lithics concerns the 

tradition of collecting in a given area – in general, there is no tradition of collecting in 

the west of Ireland, inevitably entailing less finds. Although chert is the most common 

raw material found during excavations in the west, flint is invariably more common as a 

non-excavated find, along with stone axes, no doubt due to the latter’s size and 

distinctive shape (see Driscoll 2006). Apart from the lithic scatter at Glenulra already 

mentioned, there are nine findspots of lithics in the area shown in Figure 3-3. Following 

the general pattern for the west, five of these are finds of single stone axes, two are 

single flint arrowheads, and one collection from a townland consisted of a flint knife, 

two chert scrapers, an awl, and a hammerstone collected during tillage; the others were 

from both the bog and tillage. The ninth findspot is at Belderrig, where Seamas 

Caulfield noted the quartz scatter being eroded out of the cliff face. Hence, while quartz 

is prevalent in the excavated assemblages the only non-excavated quartz collected was 

by an archaeologist. Added to this problem of quartz identification is that much of this 

region is covered in blanket bog, making any lithic scatter surveys extremely limited: 

that being said, as a result of Warren’s (2009b) excavation at Belderrig, and having 

archaeologists conscious of quartz in the area, a number of other quartz scatters near 

Belderrig have now been identified. 
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3.3 Quartz finds database 
 

At the initial stage of formulating this research programme, a survey of the literature 

and the online database excavations.ie, highlighted that quartz had been recorded in 

various contexts throughout the country. In order to bring this to the attention of the 

archaeological community, it was decided to set up a database of all known quartz finds 

from prehistoric contexts in Ireland (i.e. excluding the widespread medieval use of 

quartz). Where it forms part or all of the architecture of monuments, quartz has been 

excluded, though it is acknowledged that a division between the artefactual and 

architectural aspects of quartz is in a sense arbitrary – the deposition of a quartz core at 

the base of a post in the Neolithic house at Cloghers, Co. Kerry (Kiely 2003, 184) 

(Figure 3-7) could be interpreted as a deposited ‘find’ or as an integral part of the 

original ‘architecture’ of the structure.  

 

This database has been formulated by a literature review including grey literature, 

the excavations.ie database as mentioned, and an archive search in the National 

Museum, Dublin. Along with the 12 maps presented below, the database can be queried 

using the Arcview interactive map on the accompanying CD-ROM, as well as viewed in 

the raw data in the accompanying Excel file on the CD-ROM. While the full database is 

presented on the accompanying CD-ROM, Appendix A- 2 presents a summary account 

of the worked quartz finds and Appendix A- 3 presents a summary account of the non-

worked quartz finds. 

 

It is important to note that this database is constrained by the primary data in five 

key areas:  

 Firstly, the database includes both worked and non-worked finds – in other words, 

deposits of quartz in ritual and funerary contexts that do not necessarily include 

‘worked’ quartz (Herity 1987; O'Brien 1999). ‘Worked’ ‘possibly worked’, and 

‘non-worked’ finds are differentiated in the database, and all but one of the maps 

presented here exclude ‘non-worked’ finds. This distinction between worked and 

non-worked, however, is based on the description in the primary source, and, as 

Warren and Neighbour (2004) have argued, the differing contexts of quartz use are 

associated with different sets of archaeological terminology. As well, there are 

significant difficulties in the identification of worked quartz even by experienced 
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lithic analysts (see Chapter 7). Many ‘non-worked’ finds may, actually, include 

worked material; and many ‘worked’ finds may need considering in the light of the 

use of quartz in ritual contexts. 

 Secondly, related to the above constraint, the database has not checked the 

identification of the quartz as worked or possibly worked, but rather simply cited it 

as stated in the reference. 

 Thirdly, this count should be seen as a minimum amount, as it is apparent that even 

though quartz may have been found during excavations, it may not be stated 

explicitly as quartz in the reports or publications but instead called ‘stone’ 

artefacts/lithics; this also applies to the National Museum archives, where quartz is 

currently listed as stone, with only flint given a separate category (Cahill pers. 

comm.). 

 Fourthly, the point made earlier, that quartz will be under-accounted for in both 

surface collections and excavations, must also be borne in mind. 

 Finally, due to the nature of the primary sources used, it has not been possible to 

show the ratio of quartz to non-quartz lithics, as amounts are often not given, or are 

difficult to interpret. It has also not been possible to provide a clear breakdown in 

the ratio of vein quartz to rock crystal artefacts. 

 

These problems demonstrate that any current ‘total’ for quartz in Ireland would be 

incorrect – but in a context where over two thousand licences for archaeological 

excavation are granted each year in Ireland in recent years (Anon. 2006a, 8), any static 

figure would be meaningless in any case. More significantly, and accepting the caveats 

above, this rudimentary database highlights the extent of the quartz ‘problem’ in 

existing archives. As mentioned, Woodman et al.’s (2006) recent review of Irish 

prehistoric stonecraft highlighted eight instances of quartz lithics and mentions that 

quartz occurs at a number of other Neolithic structures. This database has shown that at 

least 170 townlands have quartz artefacts that are described in the literature as either 

worked or possibly worked, with many of these townlands having more than one 

findspot/structure/feature with quartz.  

 

Figure 3-4 presents the quantities of quartz found – while this suggests that the 

numbers are generally low with most being single finds or under 10 artefacts, this has to 

be taken in context of the total lithic assemblage collected. For instance, while only five 
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quartz lithics were found during excavations of the Neolithic structure at Drummenny 

Lower, Co. Donegal, these accounted for 33% of the total lithic assemblage (Dunne 

2003), and at the Neolithic structure at Enagh, Co. Londonderry the quartz finds were a 

“few” flakes with only one flint artefact recovered from this partial excavation 

(McSparron 2003). Conversely, Figure 3-4 shows a large assemblage of quartz from the 

Neolithic site of Donegore Hill, Co. Antrim (Figure 3-1) – a total of 341 artefacts – but 

this only represents 1.4% of the total assemblage, the rest being flint (Nelis 2003, 207). 

It also shows a large assemblage (272 artefacts) from the Neolithic house site at 

Ballygalley, Co. Antrim (Figure 3-1), but these were found along with hundreds of 

thousands of non-quartz lithics (Jeremy et al. 2002). The right map in Figure 3-4 

provides a grouped total for certain sites such as the Thornhill Neolithic enclosure 

whose numerous structures and pits together totalled over 800 quartz artefacts, and the 

four Neolithic houses at Corbally which together produced over 50.  

      

Figure 3-5 shows the decade in which the quartz finds were made. The chronology 

of the finds highlights two main aspects: the minor amount of quartz noted before the 

second half of the twentieth century, and the significant increase of finds in the 1990’s 

and the 2000s up to 2006 – this stems mainly from the significant increase in 

development-led excavations in the last decade, and can be seen as especially 

concentrated on the east coast (Figure 3-6). These maps should also be seen in the 

context of the general distribution of finds of other raw materials; for instance, the 

southwest and the midlands both have a relative lack of non-excavated finds of any 

material, and both have experienced less research and fewer development-led 

excavations. Figure 3-5 also highlights that where a time period was noted, the clear 

majority are placed in the Neolithic. 

 

The top left map in Figure 3-6 presents the find circumstance of the quartz with a 

distinction between surface finds found by ‘amateur’ collectors or the general public 

and fieldwalking finds found during research-led projects. The majority of the findspots 

are from excavations. Figure 3-6 (top right) shows whether the quartz was collected 

during either research or non-research based activities – non-research based activities 

include development-led excavations as well as finds by ‘amateur’ collectors or the 

general public, which account for a small amount of the total finds. Given that research 
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excavations comprise a small proportion of the overall excavations in Ireland, the high 

proportion of the quartz from research excavations is noteworthy. 

 

Figure 3-6 (bottom left) shows the context of the quartz found during research 

projects. The two groups of finds in the southeast from ploughed fields were collected 

during the Bally Lough Project (see above pp. 24-5); the amount of finds collected was 

small, usually one per field surveyed – the area in between these two groups was not 

surveyed, creating an apparent gap in distribution. The group of ploughed field finds on 

the east coast are from the Mt. Oriel and Boyne Valley surveys (see above p. 24). 

Again, the amount collected was small, but they highlight that where research projects 

have dedicated time to ploughzone surveys, they have turned up evidence for quartz. In 

this context, Kimball’s comments cited in Chapter 2 (see above p. 26), on the probable 

under-representation of quartz in his project’s survey in Donegal may well apply also to 

other surveys (see also Bradley 1995). (Kimball’s survey’s quartz finds are the two 

ploughed field findspots in the north.) 

 

Figure 3-6 (bottom right), showing the find contexts from other than research 

projects, highlights the lack of quartz found during either digging or surface finds by the 

general public – as mentioned, this contrasts markedly with the amount of finds of flint 

or stone axes from such contexts around the country. This lack of quartz finds by the 

general public arises from both the difficulty in identifying quartz artefacts and the lack 

of expectation that quartz artefacts might occur because so much of the story told of 

prehistory in Ireland is based around flint. As is clear, excavations and monitoring 

account for nearly all of the non-research finds. Figure 3-6 (top left), showing the find 

circumstance of both research and non-research together, highlights this trend.  

 

Figure 3-7 provides a breakdown of the site types where quartz has been found, 

excluding fieldwalking, surface, and non-monument digging contexts; it includes one 

map (bottom right) showing sites with only non-worked quartz noted. The top left map 

shows the finds in megaliths, stone circles, and cairns. The large amount of court tombs 

with worked quartz highlights how many of these megalith types have witnessed 

research excavations, but may also suggest a greater emphasis towards quartz at court 

tombs compared to portal or wedge tombs; only one portal tomb appears to have 

worked quartz and another non-worked quartz, and only one wedge tomb appears to 
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have worked quartz and two with non-worked quartz. Worked and non-worked quartz is 

also frequently found at passage tomb sites, including the Passage tomb complex at 

Carrowmore, Co. Sligo whose monuments are listed as ‘boulder circles’ in the top left 

map in Figure 3-7.  

 

The top right in Figure 3-7 presents finds from pits, cists, barrows, mounds, 

middens, a causewayed enclosure, houses, and structures/settlements; the Neolithic 

houses and possible houses are named on the map. 14 Neolithic house groups have 

worked quartz finds with quartz found at more than one house at Thornhill (three 

houses), Ballygalley (two houses), Lough Gur (seven houses) Corbally (four houses), 

and Tankardstown South (two houses); Lough Gur also has a number of Bronze Age 

houses with quartz. Therefore, at least 27 Neolithic houses contain quartz lithics. Apart 

from the seven from Lough Gur, the rest are all Early Neolithic examples (see Smyth 

2006b). The quartz from these Neolithic houses very often came from internal and 

external foundation trenches, internal features such as pits, external pits associated with 

the structures, and, in rare cases, occupation layers. The bottom right map in Figure 3-7 

highlights that three Neolithic houses with no worked quartz contained non-worked 

quartz; at Russellstown, “unworked” quartz was found in the foundation trench (Logan 

2007), at Kishoge a crystal was found in the topsoil (Milliken n.d.), and at Corbally 

House 5 an “unworked” crystal fragment was found in the topsoil (Milliken 2002b). 

 

Lough Gur, Ballygalley, and Corbally had significant proportions of rock crystal. 

Ballygalley’s quartz assemblage was 48% rock crystal (Moore 2002). While 29 vein 

quartz cores and four rock crystal cores were noted, none were designated as bipolar 

even though the raw material appears to have been pebbles and small cobbles and the 

cores appear to be extremely small (Moore 2002), much smaller than the platform cores 

from Thornhill (see Section 10.4.3). Along with a couple of scrapers and a few 

retouched flakes, 10 non-retouched crystals had evidence for use with Moore (2002) 

suggesting that “perhaps the serpentinite beads were bored with the rock crystal 

prisms”. Moore (2002) also points out that quartz was used as a temper for the pottery at 

Ballygalley, where it was the sole temper used, “particularly for the Carrowkeel type 

vessels…[which are]…generally associated with funerary activity”. As noted by 

Cooney (2000), other white inclusions in the form of bone and shell temper are also 

noted in Carrowkeel pottery. Moore (2002) suggests that the “quartz and rock crystal 
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occur only in the Middle and Later Neolithic phases” at Ballygalley, and he argues for a 

similar chronological pattern of quartz use at Lough Gur. However, this chronological 

use of quartz does not appear to apply to the Early Neolithic houses at Cloghers, 

Tankardstown, Corbally, or Enagh (for lists of C14 dates for these houses see Smyth 

2006c, 239).  

 

The excavations at Corbally uncovered seven Neolithic houses with quartz from 

four. Houses 1 to 3 were excavated first: the three houses produced 299 lithics of which 

64 were quartz and nearly half were rock crystal; one possible scalar (bipolar) core and 

one possible core were noted (Brady 2001) (Table 3-1). The non-quartz component – 

primarily flint – consisted of bipolar and platform cores, flakes, and a series of leaf 

shaped arrowheads, scrapers and various others, as well as a number of stone axes 

(Brady 2001). The majority of lithics came from the foundation trenches of the three 

houses (Purcell 2002) For the quartz, it was suggested that 17 of the flakes were 

“utilised” but the term was not defined; a number of flakes were posited as being either 

knapped with “direct soft hammer percussion” or “indirect soft hammer percussion” but 

how this was determined was not defined (Brady 2001). The fourth house at Corbally 

produced 115 lithics (four bipolar cores and no platform cores) – predominantly flint – 

of which two were vein quartz flakes and one was a rock crystal flake; there were also 

17 “unworked fragments” (Milliken 2002b). Milliken (2002b) noted that one of the 

flakes had no platform, and in discussing the attributes for the differing techniques of 

hard and soft hammer that “hard hammer…produces flakes with platforms…[and] soft 

hammer…sometimes produces flakes with no platforms”. A lack of platforms is not 

usually an attribute cited for signifying soft hammer percussion (this is discussed further 

in Section 5.6 and Chapter 6). 

 
 House 1 House 2 House 3 

 Vein Rock crystal Vein Rock crystal Vein Rock crystal 

Complete flake - 1 5 3 1 - 

Fragment flake 2 6 7 4 6 9 

‘Flake’ - - - - 2 5 

Chip - - - - 3 1 

Possible scalar core 1 - - - - - 

Possible core - 1 - - - - 

Unworked chunks - - 4 - 3 - 

Total 3 8 16 7 15 15 

Table 3-1 Quartz finds from three Neolithic houses at Corbally (compiled from Brady 2001) 
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Figure 3-4 Worked quartz finds. Left: quantities. Right: quantities for sites grouped  
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Figure 3-5 Worked quartz finds. Left: find decade. Right: find dating 
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Figure 3-6 Worked quartz finds. Top left: finds circumstance. Top right: Find context. Bottom left: 
Research find circumstance. Bottom right: Non-research find circumstance 
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Figure 3-7 Quartz finds from selected site types, excluding surface finds. Bottom right: non-worked quartz 
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3.4 Conclusion 
 

The review of Irish quartz research has shown that the amount of work has been 

minimal, with no intensive research carried out. Whereas experimental work has been 

conducted elsewhere to understand the fracture mechanics of quartz (see Chapter 4), 

such experimental work has not been carried out in Ireland, and very few references are 

made to this experimental work in Irish analyses. As suggested in reference to the 

article by Thompson (2004), this minimal amount of research has led to erroneous 

understandings of the character, and extent, of quartz use in Irish prehistory. Quartz has 

been perceived as a material primarily related to megaliths, and seen in terms of 

architecture or ritual depositions and funerary contexts; where quartz has been noted, 

such as at Lough Gur, it has been seen as a poor substitute for other materials – a raw 

material for expedient use, and to be used out of necessity rather than choice. For the 

most part quartz assemblages recovered to date have been small in number, and the 

larger assemblages that were collected have not been subject to careful scrutiny. The 

examples from North Mayo and Lough Gur have shown that quartz has posed problems 

for excavators in terms of the initial identification of quartz during excavation, as well 

as in post-excavation analysis.  

 

The database highlights that quartz lithics have been discovered from all over 

Ireland in a wide range of archaeological excavations. In terms of quartz from non-

excavated contexts, quartz is more than likely under-represented in finds by 

archaeological researchers as well as by ‘amateur’ collectors and the general public 

compared to flint artefacts. With the increasing amounts of development-led 

excavations, more quartz has been found, but it is difficult to assess the level of 

awareness of quartz identification in Irish archaeological circles. This difficulty applies 

equally to research excavations. In a British context Warren and Neighbour (2004, 84) 

have suggested that “[i]n the field it is still common to see worked quartz missed by 

even skilled and experienced excavators”. It is probable that this applies to Ireland as 

well. Moreover, the quartz recognition experiment discussed later in Chapter 7 

highlights the significant difficulties that even experienced lithic analysts have in 

identifying and classifying vein quartz artefacts. Therefore, it is difficult to get a clear 

picture of the prehistoric use of quartz from the various assemblages outlined here.  
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As well as the quartz from megaliths, especially court and passage tombs, numerous 

barrows, pits, and cists have quartz deposits. For the Neolithic houses, quartz lithics 

have been found in 27, and 20 of these were Early Neolithic, accounting for about a 

quarter of the known early houses. As well as these worked quartz finds, another three 

houses contained non-worked quartz. The quartz from these Neolithic houses very often 

came from internal and external foundation trenches, internal features such as pits, 

external pits associated with the structures, and, in rare cases, occupation layers. Where 

cores have been noted, they are generally bipolar (or called scalar) with Scannell, for 

example, suggesting the necessity of using a bipolar technique with quartz; conversely, 

at Ballygalley 33 cores were noted, but none were described as bipolar even though 

many appear to be very small cores.  

 

Overall, most analyses do not appear to have taken the fracture characteristics of the 

quartz into account, and this may partly explain the differences in core types and other 

types noted (see Chapter 7); others that have been cognisant of the different fracture 

mechanics of the quartz appear to have underestimated the fragmentation rate, and 

possibly the fracture characteristics, of the material. A clear pattern for all the quartz 

assemblages is the minor proportion of formal ‘types’ such as scrapers and projectiles 

compared to other materials in the same assemblages, with the most commonly assigned 

type being scrapers. While this may relate to the under-recognition of retouch on quartz 

(see Lindgren 1998, see also Chapter 7 for the over-recognition of retouch), it is also 

possible that it relates to a different use of quartz – of use in a non-retouched form – that 

does not ‘fit’ easily into the archaeological record, and archaeological understandings, 

from a typological perspective. This important point is discussed further in the next 

chapter which outlines quartz research that has been undertaken outside of Ireland. 
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4 Quartz lithic research outside of Ireland 
 

4.1 Introduction 
 

In the last chapter quartz research in Ireland was outlined. In this chapter, attention 

will be turned elsewhere, picking up on some key themes in approaches to quartz 

research in various parts of the world. The decision of what to include in this seemingly 

eclectic selection of worldwide research was based on accessibility to research, 

published in English, which specifically analysed quartz. From this literature search, it 

is clear that despite quartz often being the predominant raw material in the respective 

regions, quartz research has been neglected. Section 4.2 discusses classificatory 

frameworks utilised by researchers, beginning in Section 4.2.1 with classifications of 

the types of quartz utilised in prehistory. The quartz available in a given landscape 

varies widely in terms of knapping suitability, and researchers have devised schemes in 

order to qualify these differences, with some suggesting that these differences meant 

that different types of ‘quartz’ would have been perceived as different materials by the 

users, and not seen in the petrological sense of mineral that we use today. Section 4.2.2 

outlines various classificatory frameworks, such as attribute analysis and reduction 

sequences, devised for analysing the technological practices, using examples from 

America, Africa, and Scotland. Section 4.3 looks at researchers who have conducted 

experimental knapping and also use wear projects as well as an experiment on the 

identification of retouch conducted on quartz; these knapping experiments are based in 

regions where quartz was the dominant raw material for stone tools in prehistory, using 

examples from America, Sweden, Portugal, and Australia. Section 4.4 considers the 

symbolic and ‘non-utilitarian’ aspects of quartz that for the most part were not discussed 

by researchers in the previous sections, who focused on a more economic and technical 

view of technology. Research on the thermal alteration of quartz will be dealt with in 

Chapter 5. Section 4.5 concludes the chapter with an overview and discussion of the 

chapter’s topics. 
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4.2 Classificatory frameworks 

4.2.1  Classifying the raw material 
 

An important point concerning quartz lithic research is that the term quartz is a 

geological term for the mineral and therefore covers a very wide range of types of 

quartz available in a given area; these quartz types may vary significantly in terms of 

knapping quality. De Lombera Hermida (2009) noted that external aspects such as 

colour and opacity are redundant when attempting to characterise quartz from a 

mechanical perspective; from a petrological perspective quartz can be defined in two 

groups. The first is automorphic quartz which relates to what is considered in the 

archaeological literature as rock crystal. The second is xenomorphic quartz, which is 

“formed through the aggregation of several microcrystals, but macroscopically, has a 

solid structure” (de Lombera Hermida 2009, 7) – when discussing xenomorphic quartz, 

the terms ‘grain size’ and ‘crystal size’ are used interchangeably. Depending on the 

conditions in which quartz forms, and later tectonic activity, the crystals will form in 

different conditions and hence sizes, which creates the grain texture and internal flaws, 

with the latter defined as planes. Grainy quartz is xenomorphic while macrocrystalline 

(rock crystal) is automorphic, with the former sub-divided into fine- and coarse-grained. 

Plane relates to internal flaws or crystalline surfaces. He notes that four 

morphostructural groups of quartz can be distinguished based on the presence or 

absence of grain and plane: NN (no grain, no plane), NS (no grain, plane), SN (grainy, 

no plane), and SS (grainy, plane). 

 

In the Côa Valley, Portugal (Figure 4-1), a recently discovered Palaeolithic rock-art 

complex led to a systematic survey of the region, with over 30 Palaeolithic settlements 

recorded and various excavated dates ranging from 30,000 ± 2400 BP to 11,600 ± 1200 

BP (Aubry et al. 2004, 2). The assemblages consisted of nearly 99% quartz or quartzite. 

Through petrographic characterisation of the lithic assemblages compared to primary 

and secondary geological sources, the authors aimed to reconstruct the exploitation 

territories of the communities (Aubry et al. 2004, 3). The petrographic characterisation 

was conducted by macroscopic attribution and by X-ray diffraction, Scanning Electron 

Microscopy, and Energy Dispersive X-ray analysis. From this analysis they suggested 

that the quartz used was local and available close to each site; they divided the 
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archaeological quartz into three categories based on grain size, and noted that the 

geological samples displayed a wide variation of petrographic and knapping qualities, 

the “definition of limits between the three classes is often difficult and could be 

observed in the same vein” (Aubry et al. 2004, 4). The quartz crystal used could be 

found locally, but larger crystals possibly came from regional sources. 

 

 
Figure 4-1 European locations mentioned 
 

Rankama et al. (2006) outlined current research in eastern Fennoscandia (Figure 

4-1), a region comprising parts of Finland, Norway, Sweden, and Karelia, where quartz 

is the predominant raw material. They suggested that the use of the term quartz as an 

overall term for a variety of sub-types of quartz may not be appropriate way of 

describing assemblages – rather than a petrological division, the knapping quality of the 

material may have been how the prehistoric communities categorised the material, and 

different petrological materials with similar fracturing properties may have been 

perceived as the same material (see also Abbott et al. Forthcoming).   

 

Along these lines, two researchers have provided a breakdown of quartz types for 

their respective regions – Ballin  (2008) for Scotland and Jones (Forthcoming) for the 

South Atlantic Slope in the U.S. Ballin (2008, 46-49) subdivided the Scottish quartz 
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into categories based on colour and grain size, with the caveat that the categories are not 

absolute, but quartz can grade between the categories, blurring the distinctions (Table 

4-1). Jones (Forthcoming) subdivided the quartz from the South Atlantic Slope in the 

U.S. Similarly to Ballin, Jones (Forthcoming, 23) noted that his categories were not 

absolute but graded amongst each other, and a single outcrop or even a hand sample 

may contain two distinct types (Table 4-2). 

 

Quartz type Description 

Rock crystal Colourless and transparent quartz 

Milky quartz Massive, translucent (not transparent) quartz 

Greasy quartz Very fine-grained, impossible to see individual grains without a microscope 

Fine-grained quartz Visible grains in the size order of fractions of a millimetre, relatively compact 

Coarse-grained quartz Grain-sizes of more than a millimetre and it is comparatively loose-textured 

Quartzite Metamorphosed sandstone 

Table 4-1 Table adapted from Ballin’s  (2008) quartz classification 
 
Quartz type Description 

Crystal Clear to just a hint of cloudiness, glass-like; flakes scars visible in great detail, fresh edges 
sharp and smooth 

Ice 
Few to many streaks of white mixed with clear; fracture varies from glassy to slightly 
irregular, with edge quality and flakes scar detail following 

Milk glass 
Smooth, nearly opaque to translucent, glass-like; extremely detailed flake scars, with 
smooth, sharp edges 

Irregular 
White, translucent to nearly opaque; fracture surfaces have a ‘bumpy’ appearance; edges 
are sharp but ragged; flake scars identifiable with varying degrees of difficulty 

Frosty 
Increasing graininess of types 1 or 3 (i.e. crystal to milk glass) may result in this type; very 
homogeneous with relatively obvious flake scars and correspondingly even edge 

Grainy/Sugary 
Details of flakes scars indistinct, but depending on coarseness, larger individual scars are 
readily visible; similar to quartzite and probably served the same function 

Table 4-2 Table adapted from Jones’ (Forthcoming, 23-4) quartz classification. Increased 
graininess from top of table to bottom 

 

While Ballin (2008, 46) comments that his division of quartz follows “geological 

attributes” his use of ‘massive’ in describing his ‘milky quartz’ does not equate with the 

geological meaning of ‘massive’ – which is shorthand for massive habit, meaning “an 

assemblage of anhedral, interlocking crystals” (Menuge 2007 pers. comm.). Rather, his 

interpretation of milky quartz, which was “the most widespread quartz form exploited in 

Scottish prehistory” is that it is massive, milky quartz , with ‘massive’ implying that it is 

“basically like glass and that you cannot see any grains whatsoever” (Ballin 2007 pers. 

comm., emphasis in original). Jones (Forthcoming) subdivided the quartz in his area 

based on opacity and fracture surface texture, and partially on grain size, commenting 

that opacity is the least important and used only to distinguish two types from the rest. 
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4.2.2 Reduction sequences and attribute analysis 
 

The processualist movement in archaeology called for a greater degree of 

quantification in lithic studies in order to present the research on a more rigorous 

scientific base (see Lyman and O’Brien 2004). This call led to many researchers moving 

away from analyses based on formal typological characteristics of lithics, and to 

examinations of the tools and debitage products’ technological characteristics; these 

were to be analysed as part of a technological package in order to develop models of 

prehistoric societal behaviour, and this emphasis on technology as opposed to typology 

occurred along with an increase of knapping experimentation and the study of fracture 

mechanics. Yet even though quartz was the predominant raw material in various parts of 

the world these studies were not in general carried out on quartz assemblages, because 

quartz was perceived to be an intractable material to analyse; the apparent irregularity to 

quartz’s fracture pattern made such studies as attribute analysis and reduction sequences 

inefficient, or futile, in terms of the results. Therefore, quartz assemblages, and quartz 

regions, lagged behind in such studies. 

 

In 1981 the first American – and worldwide – anthology on quartz lithic research 

was published, consisting of papers from various researchers based in New England 

(Figure 4-2), where quartz lithics are often predominant on most excavated sites; the 

papers represented the first tentative steps to in-depth quartz analyses (Barber 1981b). 

The majority of the papers dealt with assemblages from development-led excavations 

from a small area around the southeast of New England, with three of these examining 

reduction sequences and attribute analysis – Barber (1981a), Ritchie (1981), and 

Luedtke (1981). Since this 1981 anthology, however, there is a lacuna in published 

work on quartz in the region. 

 

Barber (1981a) excavated a Late Archaic quarry-workshop, which produced an 

assemblage of 99.4% ‘debitage’, and analysed the assemblage in order to assess the 

activities that had taken place there. He argued that a classification scheme based on 

chert was not directly applicable to the “peculiarities” of quartz, therefore he used four 

types for describing flakes: flat flakes, block flakes, bifacial thinning flakes, and 

pressure/shatter flakes. He analysed the debitage in terms of the reduction sequence of 

the tool manufacture. From this sequence, he suggested that this site was “merely a 
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quarry-workshop” devoted exclusively to producing Squibnocket triangle points (the 

type experimented with by Boudreau in the same volume, see below pp. 65-6), and no 

other activity took place there (Barber 1981a, 62).  

 

 
Figure 4-2 American locations mentioned 
 

Ritchie’s (1981) reduction sequence analysis was formulated in order to assess the 

contemporaneity between the Small stem point tradition and the Susquehanna tradition, 

and to define the variables in the possible reduction sequences. He commented on the 

limitations of using formal attributes: a number of “technologies or production 

techniques” may produce similar forms; consequently, the investigation of 

“constructional units” such as direction of flaking, flake scar length, orientation of flake 

blank to fracture planes was built in to the attribute analysis –  these would be used to 

understand the knapper’s set of decisions (Ritchie 1981, 101). The assemblages under 

scrutiny came from five dated contexts from two nearby sites. Ritchie (1981, 114) noted 

alternative reduction sequences in the material, suggesting that this was caused by the 

different types of quartz used, and commented that some of the “technological” 

variation noted needed more research in order to draw out the reasons behind them.    

 

Luedtke (1981) used attribute analysis in order to develop a system of debitage 

analysis that could be used to date assemblages without diagnostic artefacts or dateable 
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material. One dated assemblage was compared to two undated assemblages. The 

attributes selected included some specifically chosen for quartz, including the flake 

orientation to the “visual grain”, which is apparent as streaks (Luedtke 1981, 64). Her 

attribute analysis broke down into variation due to: material type and constraints, 

production sequence stages, and cultural preferences. Luedtke (1981, 76) commented 

that the results of the study highlighted “the inherent complexities of debitage analysis”, 

and that much work was needed on the mechanical properties of quartz, the 

manufacturing sequences of quartz, and analyses of well-dated sites to assess cultural 

attributes.   

 

As with the examples from New England, in many parts of sub-Saharan Africa 

quartz was the dominant material for stone tools. Excavations in Cameroon and Zambia 

led researchers to devise strategies to understand the reduction sequences of quartz-

dominated assemblages where formal tools were for the most part lacking or difficult to 

discern. Cornelissen (2003) used a typotechnological approach for the analysis of a 

quartz-dominated assemblage – dating from the Lower Pleistocene to the Early 

Holocene and based primarily on a microlithic technology – from the Shum Laka rock 

shelter, Cameroon (Figure 4-3). In undertaking a typotechnological analysis, 

Cornelissen (2003, 11) noted that the first obstacle was in describing a quartz typology; 

he commented that previous researchers had either attempted to allow the material to 

create the classification, or ignored the quartz component of assemblages. The 

difficulties in classifying a quartz assemblage with an established non-quartz typology 

were because the “definition of tools and modified pieces remains difficult on quartz 

artifacts [sic] because intentional retouch can be lost in the irregular surface of the raw 

material”; conversely, these surface irregularities could be mistaken for retouch and 

other edge modification, “with consequent problems of over- or undertyping” 

(Cornelissen 2003, 13). In order, however, to avoid a localistic typology, he opted to use 

an established typology, “which uses the presence of intentional retouch to subdivide 

the assemblage into waste (90-95% of the assemblage), modified and retouched pieces, 

and shaped tools”; due to the difficulties of “recognizing [sic] intentional retouch on 

quartz artifacts [sic]”, ‘scrapers’ were not subdivided into sub-types but lumped as 

scrapers (Cornelissen 2003, 13). The assemblage was divided into ‘cores’, ‘flakes’, 

‘tools’, ‘utilised’, ‘modified’, and ‘fragments and chunks’; quartz ‘fragments and 

chunks’ comprised between 89.8% and 98.1% of the assemblage by level – the 
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categories of ‘utilised’ and ‘chunk’ were not defined (Cornelissen 2003, 12). Bipolar 

cores were absent throughout the periods, and no major shifts were noted in either the 

use of raw material or technology. Cornelissen (2003, 19) suggested that quartz was not 

used simply because of resource availability, as other raw materials were available 

locally, but were not used extensively; rather, quartz was purposively chosen as it was 

suitable for microlithic production.  

 

 
Figure 4-3 African and Australian areas mentioned 
 

Bisson (1990) analysed the reduction sequences of a quartz assemblage from a Late 

Stone Age rock shelter in Luano Spring, Zambia (Figure 4-3), where over 30,000 lithics 

were uncovered. As noted in the opening quote to this thesis, Bisson (1990, 103) 

commented that “there are few things more discouraging for an archaeologist interested 

in the study of lithic reduction sequences than to be faced with the analysis of an 

assemblage that is made on poor quality quartz”, and consequently, that researchers had 

neglected the quantification of quartz assemblages and the analysis of the reduction 

sequences. The principal aim of the study was to assess any changes in the reduction 

sequences of the assemblage over time, as the traditional understanding of the change of 

frequency in formal types as representing cultural change did not seem to apply. In 

reconstructing the reduction sequences – through attribute analysis5 – Bisson 

                                                           
5 Bisson (1990, 120) mentions in one line that flaking experiments were conducted on the raw material, 
but does not elaborate on the results, beyond that it showed that the quartz “has a large number of cracks 
and other flaws”. 
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commented that formal tools (microliths) comprised only 0.0048% of the assemblage, 

and bipolar cores were rare throughout the levels.  The analysis did not examine the 

“angular fragments” and broken flakes, but only the complete flakes and cores. The end 

results suggested that the assemblage represented one technological tradition and that 

the change in formal tool frequency could be explained by activity facies; some 

differences in formal tool types between the Luano Spring assemblage and others were 

suggested as being due to differing raw material. Bisson (1990, 128-9) noted that the 

analysis did not “add much to the information gained from the analysis of formal 

elements”, but the analysis aided the establishment of a techno-chronology for other 

assemblages in the area.  

 

Saville and Ballin initiated a research programme based on Scottish quartz lithics 

which aimed to “increase awareness of the significance of quartz throughout Scottish 

prehistory” (Ballin 2008, 2). Ballin (2008, 2) noted that “many publications of Scottish 

quartz assemblages, as well as quartz reports world-wide, tend to be characterized [sic] 

by lack of enthusiasm, detail and precision”. This was despite the fact that quartz use 

was widespread in Scotland, and dominated assemblages in the Shetlands, the Western 

Isles, and the Southern Hebrides and west mainland Scotland, as well as appearing as 

minor parts of assemblages from other areas (Figure 4-1). The project examined 16 

assemblages ranging from Palaeolithic to Iron Age as well as a quartz quarry; these 

assemblages were both reassessments of older assemblages and analyses of recently 

excavated assemblages. The project focused on examining typology, technology, inter- 

and intra-site spatial patterns, chronology, and variability of the raw material (Ballin 

2008, 2-3).  

 

Ballin (2008, 67) suggested that bipolar reduction was used in earlier industries, 

with the platform technique more common from the Bronze Age on. In terms of 

typologies, Ballin noted that due to the different flaking properties of quartz, they often 

appear different from flint tools, and he noted the Scandinavian approach of creating a 

separate typology. He suggested that this was not helpful as it hindered direct 

comparison between quartz and other materials. As this issue of comparability between 

flint and non-flint artefacts, and a separate quartz core and debitage typology is central 

to this thesis, an extended quotation of Ballin’s stance is given: 
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One of the main questions discussed by the 1980’s Scandinavian analysts 
was whether quartz artefacts should be classified according to the same type 
schema as, for example, worked flint. As a response to the difficulties 
experienced in the classification of quartz assemblages, lithics specialist 
[sic] working in Scandinavia favoured a separate quartz typology…The 
present author disagrees strongly with this approach, as its logical 
consequence is that assemblages in flint/flint-like silica and quartz cannot be 
compared directly…A separate quartz typology is still very much favoured 
in parts of Scandinavia, where Knutsson argues that the difficulties of quartz 
analysis is [sic] largely a product of the automatic use of an ill-fitting flint 
artefact typology...However, his examples …clearly demonstrate that the 
main problem is a prevailing tendency amongst Scandinavian analysts to 
classify quartz chunks and fragments as tools if they have the slightest 
formal likeness to traditional lithic tool types…This problem could be dealt 
with simply by adhering to a simple rule: that a quartz artefact is not a tool 
unless it has the distinctive retouch generally associated with a particular 
tool type…Lindgren demonstrates experimentally, and by blind-tests, how 
difficult it can be to recognise modification on quartz artefacts...and it is a 
fact that many quartz assemblages seem to either lack quartz tools or have 
very low tool ratios. However, it is, in the author’s view, an illusion that 
classification of quartz tools (i.e., the recognition of retouch) would become 
any easier with a different typology (Ballin 2008, 40 emphasis added).  

 

From this we can see that Ballin is strongly opposed to creating a separate quartz 

typology, and that he regards ‘tools’ and tool ‘types’ to be defined by distinctive 

retouch. He then goes on to discuss the Scottish quartz assemblages, acknowledging 

that they appear to have a limited range of formal tools, and more ‘debitage’ – he 

suggests five reasons for this:  

1. They are more difficult to recognise than tools in most other lithic raw materials.  

2. “Quartz blanks were frequently usable as tools, without further modification”.  

3. “Most quartzes tend to flake in more irregular ways than other silica”.  

4. “Economical differences between some quartz-dominated and some flint-

dominated assemblages”. 

5. “Visually distinctive raw materials were frequently associated with non-

functional, or symbolic, values” (Ballin 2008, 73). 

 

An unusual feature of Ballin’s analysis of the selected assemblages is that, while he 

mentions the fragmentation of quartz in the quote above, the fragmentation 

characteristics of quartz were completely ignored in his work and no differentiation was 

made between complete and fragmented flakes. Indeed, the only mention of fragments 
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are where a number of core fragments are noted. It is unclear as to why the flakes are 

not designated as complete or fragments, and are presented as if they are all complete. 

 

 

4.3 Experimental work – knapping and recognition of retouch 
 

In the last section it was noted that the emphasis in the processualist movement in 

archaeology on technology as opposed to typology occurred along with an increase of 

knapping experimentation and the study of fracture mechanics. While research 

concerning quartz lagged behind cryptocrystalline materials, a number of researchers 

from around the globe did devise quartz knapping experiments in order to interpret the 

archaeological record. In an anthology arising from a 1974 Australian conference 

Dickson (1977) reported on his experimental work on quartz, which was based on 

excavated material from four sites in New South Wales and the Australian Capital 

Territory (Figure 4-3) – this paper is one of the first worldwide to explicitly deal with 

experimental quartz-knapping. Commenting on a debate that was recurrent at the time, 

he argued that bipolar cores were “residuals” and not implements in their own right 

(Dickson 1977, 97), as was also argued by Flenniken (see below p. 67). Dickson’s 

(1977, 98) experimental work involved knapping quartz in various ways, including 

direct and indirect percussion, and led him to the conclusion that the bipolar technique 

“is the only way to reduce a lump of quartz”.   

 

In the 1981 New England anthology mentioned above, Boudreau (1981) outlined his 

replication of bifacial Squibnocket triangle points and Squibnocket stemmed points 

based on comparisons of his surface collections of lithics. Following the American 

tradition, the words ‘debris’ and ‘debitage’ are used interchangeably to mean the waste 

material produced during tool manufacture6; his debris types fell into five broad 

categories: shatter, flake and flake-like types, exhausted cores, artefacts broken during 

manufacture, and unbroken, incomplete points and rejects. He suggested that both a 

combination of percussion and pressure flaking, as well as pressure flaking alone could 

produce the points he was replicating, with the latter technique producing thicker points 

than the former (Boudreau 1981, 6). Boudreau commented that his experimental 
                                                           
6 For a discussion on the varying meanings of ‘debitage’ and ‘debris’ see Section 5.4. 
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knapping was for the most part uncontrolled, and geared towards showing possible 

methods of manufacture, and that no formal analysis of the experimental material had 

been conducted at that stage.   

 

In 1983, Baker (1983) published a paper, originally presented at a conference in 

1976, on experimental knapping of vein quartz from Putnam County, Georgia (Figure 

4-2) Previously, an excavated assemblage from around this area had been labelled the 

‘Old Quartz Industry’, and the experimental work sought to understand how this 

assemblage related to the “numerous surface sites in the Georgia and South Carolina 

piedmont which yielded only quartz artifacts [sic]” (Baker 1983, 5). Baker (1983, 7) 

described the quartz as a “granular milky quartz which was fairly homogenous although 

some impurities were present. Individual crystals in the stone were not observable 

without magnification; however, the crystals were sufficiently large to give the material 

a rough texture”. The experiments focused on the different attributes noted for hard 

(diorite) and soft (antler) impactors – 100 flakes for each impactor type were produced 

using hand held percussion, with the impactors being used on the same nodule in 

alternate turns. No quantitative attributes of the resultant quartz flakes were recorded 

during the experiments; instead, the study focused on 14 “qualitative attributes”, 

including “the frequency and character of flake breakage during detachment, force 

fractures, point of impact characteristics, inner platform configuration, and flake 

curvature” – these six attributes were subsequently observed to be the most useful for 

discerning the different percussion techniques  (Baker 1983). Using these attributes, 315 

broken and unbroken excavated quartz flakes were analysed, and the results  - described 

as a “partial success” – suggested that while the attributes observed in the experiments 

also occurred in the archaeological material, “the attributes observed may occur on 

flakes independent of the percussion technique involved” (Baker 1983, 15). Baker 

argued, however, that using these attributes in conjunction with others, could be useful 

for the analysis of quartz assemblages. 

 

By far the most common quartz type utilised worldwide in prehistory was vein 

quartz, but quartz crystal – or rock crystal – was also used. Reher and Frison (1991) 

outlined experimental work conducted on knapping quartz crystals in Wyoming, USA 

(Figure 4-2). The authors noted that their paper was not a detailed outline of their work, 

but conveyed “basic information” only. Their experiments with quartz crystal – sourced 
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from the USA and Brazil – showed that quartz crystal is “less forgiving” than chert in 

terms of correct angle and force used when knapping, and it is less elastic; they argued 

that knapping the crystals to produce “usable implements” can be done with “standard 

knapping techniques” (Reher and Frison 1991, 379-83). 

 

In the northwest of America, Flenniken (1981) undertook a study of a quartz 

assemblage from the Hoko River (Figure 4-2), a coastal site dating to c. 500 BC. Here, 

he used a model of “replicative systems analysis” in order to investigate the 

assemblage’s reduction sequence and function of the tools; this system included 

examining the assemblage from raw material procurement through to eventual discard; 

his methodology included replicative knapping and hafting, heat treatment, 

experimental use and use-wear analysis. The tools from the site were called microliths, 

but these were not related to “Old World” microliths, rather, they were simply small 

pieces of unretouched stone (Flenniken 1981, 77). The water logged assemblage 

produced hafted ‘microliths’, and he commented that the hafted ‘microliths’ recovered 

were not “specifically diagnostic and would not be recognised as functional tools if they 

were recovered from archaeological contexts minus their wooden handles” (Flenniken 

1981, 78). With the ability to identify hafted lithics and therefore the perceived tools, he 

was able to classify the assemblage into what he considered as: 1. functional microliths; 

2. potentially functional microliths; or 3. non-functional microliths – these 

classifications were based on morphological comparison to the hafted examples, 

allowing for the fact that both slightly smaller and larger lithics would also have been 

functional; the hafted, unretouched ‘microliths’ averaged 10.5 mm in length (Flenniken 

1981, 70).7 

 

The replicative work undertaken by Flenniken (1981, 86, 93) showed that the 

‘microliths’ were produced using the bipolar technique, and his experimental work 

suggested that these “piece esquillees” were in fact exhausted cores and not suitable as 

bone or wood wedges, as had been argued by various other researchers. Experimental 

use of the hafted ‘microliths’ suggested that they were not useful for basketry, cordage 

or wood working, but served as fish processing tools (Flenniken 1981, 19, 135-6). The 

use-wear analysis of the tools, however, was not successful – use-wear, assessed 

                                                           
7 The small size of these tools should be noted, in relation to a later discussion in Chapter 5, where the 
terminology for artefacts under 10 mm in length will be discussed. 
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primarily using low power microscopy, was not identified on either the archaeological 

material, nor on the experimentally produced tools, with Flenniken (1981, 160) 

suggesting that the fish processing carried out left no marks due to the hardness of the 

vein quartz.   

 

Flenniken’s model of the knappers at this interpreted manufacturing site (identified 

as female from the ethnographic record of the contemporary indigenous inhabitants of 

the area) followed that of the rational actor – the use of a bipolar technique was argued 

as having been “employed...because a technology of this type required less time and 

energy and, more importantly, produced tools with a small but straight effective cutting 

edge”; higher quality quartz was selected to “maximise their returns from efforts 

expended in microlith production”; hafting was used as “an economizing measure”; 

and:  

[t]hese same knappers probably employed different lithic technologies, 
depending upon the availability of raw material at other locations during 
their seasonal round. Lithic artifacts [sic] on the Northwest Coast are not 
'index fossils' of specific archaeological phases, traditions, or cultures as a 
whole, but are rather an adaption to available raw lithic materials at a 
particular location (Flenniken 1981, 18-9).     

 

While most of the experimental quartz knapping initiated in the 1970’s was based in 

America, Callahan (1987) – an American researcher – undertook a series of quartz 

knapping experiments in Sweden.8 Although the flint-based technology of southern 

Sweden was well understood, the non-flint-based technology from middle Sweden had 

not been investigated by lithic specialists and his project aimed to define the reduction 

systems in the middle Swedish Mesolithic and Neolithic (Callahan 1987). Four 

excavated assemblages from middle Sweden were examined (Figure 4-1), and material 

was then experimentally knapped to verify the archaeological artefacts’ reduction 

techniques (Callahan 1987, 15). Three techniques used on quartz were identified – 

bipolar, freehand, and platform on anvil; bipolar accounted for 42% of the material 

identified, and a bipolar technique was also carried out on platform cores after the latter 

failed to produce flakes, allowing for the “complete exhaustion of the core...Such a 

system is marvellously versatile” (Callahan 1987, 58, 61). Callahan (1987, 18) argued 

that the artefacts were made from the “best grades of quartz” (and other materials) – 

                                                           
8 The experiments were also conducted on a range of other materials, but only quartz will be discussed 
here. 
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which were not widespread in the landscape, suggesting that “the original knappers had 

sought out the most favourable locations of specific raw materials and systematically 

exploited these resources”.   

 

In terms of a tool typology for all the raw materials he researched, Callahan (1987, 

62) argued that flakes were used as both unretouched (identified by edge dulling) and 

retouched – for the retouched flakes “[r]etouch often seems haphazard and adapted to 

the specific task at hand rather than to formalized [sic] mental templates.  In some cases 

the ‘type’ seems to have evolved from use rather than design”. Callahan (1987, 62-3) 

warned, however, that the apparent simplicity of this system of tool manufacture and 

usage does not necessarily correlate with crudeness in the prehistoric technical system; 

he argued that a bipolar technique “should be seen as simple, but not simplistic” and 

suggested that the flakes may have been part of a complex non-composite  or composite 

hafting system – conversely he argued that “even if such complexity [in hafting] were 

not practised, does it follow that the overall system was less efficient for the needs at 

hand?”.   

 

Around the time that Callahan undertook his experimental knapping based on 

comparisons to assemblages from middle Sweden, Knutsson (1988a) analysed Neolithic 

quartz and flint assemblages from Västebotten, northern Sweden (Figure 4-1) in an area 

with no sources of flint, but an abundance of quartz. As with Callahan, Knutsson argued 

that an understanding of the technological attributes was imperative, which 

subsequently necessitated an understanding of the fracture mechanics of the raw 

material in question – analyses based on formal characteristics were unhelpful because 

the assumption that similar forms equalled similar production sequences was not 

necessarily the case, and formal typologies overlooked technological attributes 

(Knutsson 1988a, 12). The bipolar technique and two percussion techniques were used 

to knap quartz – direct percussion and direct percussion on anvil. From these 

techniques, Knutsson (1988a, 89) suggested that “[b]y-products of quartz reduction can 

assume several characteristic forms. These forms do not necessarily bear a close 

relationship to different reduction stages or strategies. On the contrary, they can occur at 

any time in the course of reduction irrespective of the applied method of reduction”. 

One frequently occurring type of by-product, a “conical piece”, was also produced 

during the rejuvenation of a bipolar core (see Section 6.4.2); 70-80% of all flakes 
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produced during his experiments were produced fortuitously – each strike produced 

more than one flake, and platform core knapping also produced apparent bipolar flakes 

as well (Knutsson 1988a, 91-3).   

 

Knutsson’s (1988a, 94, 198) analysis of the excavated assemblage suggested that the 

raw material was procured from glacial cobbles, and in the first phase of occupation, the 

dominant technique was to begin the core with a platform-on-anvil technique, followed 

by a bipolar technique; the bipolar cores were then shaped into scrapers. The second 

period saw the arrival of flint-using communities, which used different techniques for 

manufacture; the third phase saw the adoption of the use of flint by the quartz using 

communities, who knapped in the flint in their traditional ‘quartz way’ – but while the 

“selection of usable flake edges” remained similar to the first period, their quartz 

knapping then excluded the final stage of bipolar knapping and, consequently, the use of 

scrapers made from bipolar cores. A fourth period has similar quartz flaking strategies 

to the previous period, but with the inclusion of bifacially flaked quartz points. 

Knutsson (1988a; 1988b) also undertook a use-wear analysis of the Västebotten 

assemblage. The use-wear analysis was conducted with low power and high power 

microscopy, and suggested that both retouched and unretouched flakes were used, and 

that the breakage of quartz either intentionally or during manufacture was used to the 

advantage of the communities – for example, flakes with breaks creating right angled 

edges were “systematically selected for use as planing tools” and broken pointed flakes 

were “selected for use as piercers and obtusely angled scraping or planning tools 

(Knutsson 1988a, 140).   

 

Discussing his recent research in Portugal, Almeida (2006, 78) noted that earlier 

excavations in Portugal were difficult to use in analyses because most of the non-flint 

materials were generally discarded, along with the smaller artefacts. Therefore quartz 

was under-acknowledged as a substantial component of the lithic traditions of the 

region, a fact which was now being realised based on recent excavations. Almeida 

(2000; 2007) undertook an analysis of a Portuguese Palaeolithic cave site Lapa do 

Anecrial (Figure 4-1). The analysis consisted of experimental knapping, refitting, 

attribute analysis, and use-wear. The cave site had three main layers dating from 24,000 

BP to 20,000 BP. Almeida (2006, 80-4) noted two aspects to quartz use – firstly, there 

is an intensity of use during the Terminal Gravettian which diminishes in later periods; 
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secondly, while in other periods quartz was used “as a second choice for expedient 

technologies related to flake production, in the Terminal Gravettian quartz was 

exploited through the same strategies that were applied to flint”, and the quartz used 

was not directly local, and the refitting of the assemblages pointed out that more quartz 

blanks were taken away from the site compared to the flint; Almeida argued that this 

use of quartz was “an example of the importance of group traditions affecting raw 

material choices: the strength of tradition may be manifested by a pronounced and 

recurring preference for a particular raw-material which cannot be explained by either 

technical or economic considerations”.  

 

The project had a high rate of success with refitting, accounting for 50% of the 

artefacts; by weight 92% were refitted meaning that only the small pieces were not. The 

refitting of the quartz and flint showed that the reduction strategies for the two raw 

materials were identical, and that this was attributed to the high quality quartz available; 

one distinction was that the flint had been de-cortified before being brought to the cave, 

and another was that the abandonment of quartz cores was due to hinging and natural 

cleavages, whereas abandonment of flint cores was due to their reduced size (Almeida 

2007, 61-2). The refitting suggested, as mentioned above, that a larger proportion of the 

quartz bladelets produced were taken from the cave than those of flint. The use-wear 

and refitting also showed that two of the traditional ‘tool’ types, both scrapers, that were 

seen as typologically indicative of the Aurignacian V, were shown to have no use-wear 

but were in fact bladelet and flake cores (Almeida 2007). Nevertheless, while Thacker 

(2001, 11) has concurred with Almeida that the carinated scraper should be regarded as 

a core, he has also shown evidence for use-wear on them, suggesting that they acted as 

both cores and scraping tools. 

 

The previous examples of experimental work concerned experimental knapping in 

order to understand prehistoric technologies, while Lindgren’s (1998) experimental 

work was undertaken in order to understand how archaeologists identify retouch on 

quartz artefacts. Commenting on quartz research that focused on technological aspects – 

such as that of Flenniken (see above pp. 67-8) and Knutsson (see above pp. 69-70) that 

showed that unretouched quartz artefacts have evidence of use-wear and therefore 

qualify as ‘tools’ – Lindgren (1998, 97) has argued that while these “technological 

studies have been of great value…There may however be a danger in focusing 



72 

 

exclusively on technology and leaving aside the question of formal tools”. (Lindgren’s 

use of the term ‘formal tool’ appears to apply to any retouched lithic, and not follow 

some researchers’ division of an expedient retouched tool and a formal retouched tool 

(cf. Andrefsky 1998, 213-8; Wenzel and Shelley 2001, 119); Tomka (2001, 209), 

however, also uses formal to imply any retouched piece.) Lindgren suggested that 

previous research in eastern central Sweden – where quartz predominates – had not 

focused on quartz tools as a source of information, and from a flintcentric viewpoint 

quartz was seen as not fitting into the usual form of tool, apart from the category of 

scraper, and formal types were treated with suspicion due to difficulties in identifying 

retouch on quartz.  Therefore, there was no “chronological sequence, a typology, of the 

formal tools from this region” (Lindgren 1998, 97). Lindgren used a blind test on 13 of 

her colleagues in order to ascertain the level of retouch recognition, in a test in which 

they were not asked to specifically look out for retouch (this was done so that the 

participants would not try to find retouch in particular). The results showed that 59% of 

the retouch was identified, and also that 23% of the participants identified an 

unretouched flake fragment as a transverse arrowhead, as it had a similar form even 

though it lacked retouch. From this test, Lindgren (1998, 100) argued “that there is a 

risk of retouched objects not being classified as retouched. It also shows examples of 

how a familiar shape can lead the archaeologist into identifying formal tools”.  

 

 

4.4 Symbolic and ‘non-utilitarian’ aspects of quartz 
 

The previous quartz research cited in this chapter primarily focused on lithic 

technology in one interpretation of technology (see Dobres 2000), and for the most part 

avoided discussions of quartz in terms of the spiritual, ritual, or symbolic spheres. These 

spheres cannot, of course, be easily divorced from the apparently ‘utilitarian’ sphere of 

stone tools, but almost all of the research noted in the previous sections was silent on 

these aspects of technological practices involving quartz: instead they retained a view of 

technology and technological practices which involved rational, economic, and 

technical motivations for quartz manufacture and use. However, as suggested by 

Almeida above in the context of the Portuguese assemblages, the preference for quartz 

by the communities there did not seem to be based on technical or economic reasons, 
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but rather on what he described as group traditions. These group traditions suggest the 

placement of a value on the use of quartz which transcends the apparent gap between 

the spheres of the utilitarian and non-utilitarian. Although the use of quartz by the 

communities in the Portuguese example is not pinpointed as ritualised or symbolic, the 

example highlights that a more rounded view of material use is necessitated; quartz was 

not simply a raw material available for use, but rather it might be sought out for 

particular reasons.  

 

With quartz, however, the question is not only one of the symbolic and ritualised use 

of quartz stone tools, but also of the use of ‘natural’ quartz. Although such a statement 

could of course be made for any raw material used for stone tools, quartz has had a 

particularly great resonance as a valued material – ethnographic research from South 

America (Eliade 1971), North America (Reher and Frison 1991), and Australia (Eliade 

1967b, 1967a) highlight the important place of quartz and quartz crystal in shamanic 

and religious practices, while Taçon (1991) describes how these ‘non-utilitarian’ 

qualities of quartz and quartzite have consequences for the ‘utilitarian’ use of quartz. 

Indeed, it is fallacious to regard the spiritual and ritual use of quartz as ‘non-utilitarian’, 

as these uses of quartz were in a very real sense utilitarian – they serve a function – but 

not in the archaeological sense of utilitarian in terms of use as a cutting implement and 

so forth. This of course draws into the debate of the dichotomous nature of 

archaeological research between the sacred and mundane (e.g. see Cooney 2000; Lucas 

2001; Warren and Neighbour 2004).   

 

The place that quartz has held in Irish and British prehistory in the spiritual and 

ritual spheres in terms of artefacts and architecture has been discussed by numerous 

researchers (e.g. see Bergh 1995; Lynch 1998; O'Brien 1999; Cooney 2002; Darvill 

2002). As noted in the previous chapter on quartz in Irish prehistory, the non-utilitarian 

uses of quartz have played a particularly strong role in interpretations of the 

archaeological record – with strong links with megalithic structures and medieval 

burials – so much so that Thompson (2004) argued for an unbroken tradition from the 

Neolithic to the recent past of the use of quartz as a material reserved for the dead. The 

example of Thompson’s interpretation highlights the oft-cited dichotomy between the 

sacred and mundane. A more nuanced account suggests that artefacts and monuments 

held differing roles and differing significance depending on the context and on the 
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observer or participant (O'Brien 1999, 192): it is not a question of either/or, but rather 

when, where, and by whom. Using the example from Australia – with ethnographic 

records to buttress his interpretations – Taçon (1991, 194-8) highlighted how aesthetic 

and symbolic characteristics of stone, in this example quartz and quartzite, influenced 

their manufacture and use; he noted that the iridescence and brightness of these 

materials were of significance because they “are associated with both life and Ancestral 

Beings” and hence “power-full”.   

 

As well as the Australian use of quartz for stone tools and its concurrent symbolic 

attributes, Eliade (1967b; 1967a; 1971) has discussed the important role that quartz and 

quartz crystals played in South American and Australian shamanic practices. In some 

parts of Australia, quartz crystals were seen as having fallen from the “vault of heaven. 

They are in a sense ‘solidified light’...the quartz is connected with the sky world and 

with the rainbow” (Eliade 1967a, 177); “[l]et us add that the Rainbow Serpent is an 

important mythological figure in many parts of Australia, and almost everywhere it is 

supposed to convey to medicine men their magical powers in the form of [quartz] 

crystals (Eliade 1967b, 233-4). Quartz played an important part in shamanic initiation 

rites, where quartz crystals were inserted into the body by swallowing them or going 

through skin into the body; sacred powerful water that was reputed to be liquefied 

quartz was also used in these initiations, which caused wings to grow on the initiated – 

hence related to the sky motif of quartz; in one instance, “Baiame sang a piece [of 

quartz] into his forehead so that he would be able to see right into things” (Eliade 

1967a, 164, 170).   

 

An example from a Scottish excavation of a kerbed cairn highlights the difficulty, if 

not the futility, of attempts to divide the spheres of practice. Warren (2005a) analysed a 

quartz assemblage from Scotland, found during excavations of a kerbed cairn in the 

Western Isles (Figure 4-1). The assemblage was comprised of 98% quartz, of which 

over 80% were pieces <10 mm in size; 94 % of these small pieces were natural as were 

almost half of the larger pieces. The quartz was divided into four sub-types, defined by 

perceived knapping quality and colour, with Warren noting that each quartz sub-type 

also contained a variety of qualities. Warren (2005a, 35) noted the work by Knutsson on 

the fracture mechanics of quartz, but used a “standard classification” – a flint 

framework – as he commented that no experimental work on Scottish quartz was 
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available to devise a quartz framework. The assemblage was suggested to include both 

quartz knapping for tools as well as the apparent deliberate smashing of quartz pieces, 

which were added to the cairn during and after its construction (Warren 2005a, 39, 44); 

he suggested that it was impossible to divide the assemblage into functional groups of 

either mundane tool kits or ritual and symbolic entities:  

the idea that a distinction between practical and symbolic uses of quartz can 
be established at different times seems reminiscent of modern attitudes 
towards the secular and the sacred, each of which are considered to have 
their time and place, neatly demarcated and held separate from each other. 
In prehistory, as in many non-Western societies, it seems unlikely to have 
been so...At the very least we must recognize [sic] that quartz was still being 
worked at the time of the construction of the cairn, not least to make formal 
scrapers deposited in and beneath it: this implies that quartz was in use both 
as a raw material for tool manufacture and as a material used in funerary 
rituals at the same time (Warren and Neighbour 2004, 91). 

 

 

4.5 Overview and Discussion 
 

The review of quartz-focused research from various regions around the world has 

highlighted that the difficulties of quartz analysis are not easily resolved. Many of the 

problems with quartz concern what Callahan (1987) described as the gravel effect – 

many quartz assemblages on first glance appear to be comprised of amorphous pieces, 

not easily recognised as humanly modified or forming ‘tools’. Outside of quartz 

research, the processualist movement in archaeology called for a greater degree of 

quantification in lithic studies in order to present the research on a more rigorous 

scientific base (see Lyman and O’Brien 2004). This call led to many researchers moving 

away from analyses based on formal typological characteristics of lithics, towards 

examinations of the tools and debitage products’ technological characteristics; these 

were analysed as part of a technological package in order to develop models of 

prehistoric societal behaviour. This emphasis on technology as opposed to typology 

occurred along with an increase of knapping experimentation and the study of fracture 

mechanics. Even though quartz was the predominant raw material in various parts of the 

world such studies had not been carried out on quartz assemblages, because quartz was 

perceived to be an intractable material to analyse; the apparent irregularity to quartz’s 

fracture pattern made studies such as attribute analysis and reduction sequences 
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inefficient, or futile, in terms of the results. Therefore, quartz assemblages, and quartz 

regions, lagged behind in such studies.  

 

One of the chief difficulties in analysing quartz is caused by the expectations that 

researchers have of what lithic assemblages should be like – as Knutsson (1998) 

outlined, it is the conventions of archaeological training that invariably shape ideas of 

what is expected of the archaeological record. As elsewhere, Scandinavian students 

learn lithic classifications based on a flintcentric research tradition. Consequently, the 

Northern Scandinavian lithic industries were perceived as “rough” in comparison to 

those of Southern Scandinavia and the Continent; “[o]n a subconscious level, this mode 

of thinking has also been projected onto society as such, which at times has even been 

apprehended as retarded” (Knutsson 1998, 74). Knutsson outlined how previous 

Scandinavian research of quartz assemblages which were based on formal types derived 

from flint assemblages led researchers to equate quartz flake fragments with flint ‘tools’ 

that had a similar form, therefore bracketing these assemblages into incorrect cultural 

traditions. Conversely, Gramly (1981) noted that when quartz assemblages appeared to 

not include certain types of implements, these assemblages would be incorrectly 

excluded from the geographical distribution of a culture.  

 

These issues go to the traditional heart, and life-blood, of archaeological endeavours 

– that of typology. As noted in chapter 2, the birth of modern archaeological research 

occurred at a similar time to that of the assertion of evolution as the predominant 

scientific and social paradigm amongst the classes that formed the bulk of 

archaeological researchers: this gave rise to the notion of the type fossil, and, as Lucas 

(2001, 80) has put it, typology was the archaeological equivalent of evolution. With the 

subsequent rise of the Culture paradigm tool typology thence could define cultures and 

chronologies, and the rise and fall of tool types were seen as witnesses to the ebb and 

flow of cultures. The utility and validity of tool typology was, of course, debated over 

the years, in terms of what the types actually represented and meant to both the original 

users and, subsequently the archaeologists (see Clarke 1968; Adams and Adams 1991). 

A significant debate revolved around the Bordes-Binford debate (Bordes and de 

Sonneville-Bordes 1970; Binford 1973), where tool types were seen by Bordes as 

signifying differing (cultural) stylistic preferences or by Binford as differing activities 

or functions. As Tomášková (2005, 82) has noted, this debate did not question the actual 
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types themselves or how they were defined, but rather what these defined types 

represented.   

 

Lithic typologies are for the most part built using the morphological characteristics 

of artefacts, with differing patterns of retouch an especial characteristic in defining tool 

types. When defining and naming an artefact type, form and presumed function, were, 

and are, often used – for example, a ‘disc scraper’ (e.g. Woodman et al. 2006, 159) is 

defined by its retouch, its convex shape, along with its assumed function of ‘scraping’. 

In other cases functional and technological criteria are used, such as the burin (for 

discussion on burins see Tomášková 2005, 83-4). These devised types are often of long 

standing pedigree, and their use often outlives their analytical utility (Tomášková 2005). 

Another category used by researchers is that of the formal tool and the expedient tool, as 

well as the category of ‘utilised flake’ (for discussion on the difficulties with this 

category see Young and Bamforth 1990) – as mentioned these categories are not always 

used in the same manner by researchers, and can mean significantly different things to 

different people; their meaning is not always explicitly stated and must be inferred 

(hopefully correctly) from the context of use.  Quartz lithics in particular often do not 

lend themselves to formal typological studies because retouch can be difficult to 

recognise, and often is not even there in the first place. 

 

In the lithic studies’ literature there is a general division between typological studies 

and technological studies (e.g. Minzoni-Deroche 1985; Callahan 1987; Lindgren 1998; 

Inizan et al. 1999; Andrefsky 2001; Tomášková 2005; Ballin 2008); typological studies 

are generally geared towards results – the finished artefact; these ‘finished’ artefacts 

also include core ‘types’ in typologies. Technological studies are not restricted to typing 

‘tools’, but concern an entire assemblage, including the ‘waste’ or ‘debitage/debris’ (see 

Section 5.4), to understand the mode of manufacture. Of course, the technological 

studies also use the same methods of typing in their analyses, hence technological 

studies are sometimes described as debitage typological analysis (e.g. Andrefsky 2001), 

or typotechnological analysis (e.g. Cornelissen 2003; Ballin 2008). Researchers who 

focus on the technological aspects of lithics are generally critical of ‘pure’ typological 

studies, because lithic assemblages were dynamic entities and what we analyse are the 

end points of this dynamism – using morphological characteristics to define types, and 

hence cultural types, does not take in to account that a certain type may be the result of 
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resharpening or reuse, which may originally have been morphologically similar to a 

different type; consequently, morphology can only show the last phase of tool type, and 

not its original ‘type’ (e.g. Flenniken and Raymond 1986; Dibble 1991; Clarkson 2005).  

As well, while a finished artefact which may appear similar to another finished artefact, 

the mode of manufacture may have been significantly different or two ‘types’ may have 

been part of a sequence of manufacture (Knutsson 1988a).  

 

In terms of the quartz research, two broad camps can be discerned – those who argue 

that a separate typology is necessary, and those who maintain that quartz can be 

analysed in a framework devised for flint. For the latter group, a separate quartz 

typology would in effect get in the way of an easy and coherent typology of stone tools 

which can be compared to assemblages of other raw materials or in mixed assemblages, 

and the emphasis of these researchers is primarily focused on the analysis of ‘tools’, 

with tools being tools if they conform to attributable types, and especially show 

evidence of retouch. On the other hand, the researchers that have called for a separate 

typology for quartz have done so with the recognition that the fracture mechanics of 

quartz entail that fracture characteristics seen in materials like flint do not necessarily 

occur on quartz and that the prehistoric users used the differing fracture mechanics to 

their advantage in selecting pieces for use; therefore a schema devised with the fracture 

mechanics of the material as the lynchpin is crucial. Only with this in place can different 

raw materials be compared. While it is indeed the case that quartz can and was used to 

produce implements that readily fall into formal categories such as arrowheads – 

especially when high quality, homogenous quartz was used – it also the case that 

morphologically different artefacts in quartz and flint may have served as the same 

functional tool to the prehistoric user, as has been argued by Gramly (1981). 

 

The extended quote from Ballin cited above (p. 64) shows clearly that he is highly 

critical of a separate typology for quartz; Ballin wants to be able compare assemblages 

across raw material types regardless of the fracture mechanics of the raw materials and 

how these affected the manufacture and use of stone. Ballin sidesteps the issue of the 

higher fragmentation rate of quartz compared to other materials by not including 

analyses of complete/fragment properties of quartz except for a few mentions of core 

fragments. He is explicit on his stance of what a ‘tool’ is, and how to construct 

typologies: “a quartz artefact is not a tool unless it has the distinctive retouch generally 
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associated with a particular tool type” (Ballin 2008, 40). From this, we can see that 

Ballin takes the restrictive view of a tool being a tool only if it is retouched, which goes 

against much work in the last 30 years of lithic analysis (of quartz and non-quartz), 

especially from use-wear analysis, as well as ethnographic accounts (for examples of 

unretouched artefacts shown to have been used as tools see examples in Man 1883; 

White and Thomas 1972; Hayden 1979; Flenniken 1981; Symens 1986; Knutsson 

1988a; Odell 1994; Banks 1996; Kozlowski et al. 1996; Read and Russell 1996; 

Finlayson and McCartney 1998; Briels 2004; Hardy 2004; Setzer 2004; Shott and 

Sillitoe 2005; Akerman 2006; Hardy et al. 2008).  Consequently, his interpretation 

becomes a vicious circle – if a quartz artefact does not conform to a particular tool 

type’s retouch, it can be discounted as a tool, and therefore becomes lumped as 

‘debitage’.   

 

This issue is precisely what the Scandinavian research he disagrees with attempted 

to prevent: the conforming of quartz to a flint framework of analysis. Knutsson’s 

analysis of mixed quartz and flint assemblages shows that by examining them from a 

technological perspective – with a clear picture of the fracture mechanics involved for 

each type of raw material – they can be compared, and can only be compared directly 

when the fracture patterns are taken into consideration. What is of interest of course are 

Ballin’s five points stated above (p. 64) on why quartz assemblages differ from non-

quartz assemblages and appear to have less ‘formal’ tools. He notes that quartz fractures 

differently, implying a need to understand the fracture mechanics of the material, and 

admits that quartz may have been used without retouch as tools; consequently, 

according to his own logic, direct comparison with flint assemblages may not be 

suitable, and, contradicting himself, he does concede that ‘tools’ are not restricted to 

retouched tool types as devised by archaeologists. Of course, part of this negative 

attitude by Ballin towards a separate typology stems from the distinction made earlier 

between a ‘typology’ implying a ‘tool’ typology, and that of a debitage typology; Ballin 

is more critical of the former than the latter, and needs a similar ‘tool typology’ in order 

to allow the easy comparative analysis of mixed material assemblages. 

 

Commenting on Lindgren’s article cited above (pp. 71-2) Ballin (2008, 40) has 

argued that “it is, in the author’s view, an illusion that classification of quartz tools (i.e., 

the recognition of retouch) would become any easier with a different typology”. 
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However, while this is a valid point, it is clearly not the crux of the matter, and 

definitely not what Lindgren implied. Instead, the differing quartz typology is based on 

the fracture mechanics of quartz and was developed to understand the resultant debitage 

products of knapping and to assess the selection of material for use as tools, and not to 

aid the identification of retouch. Importantly, neither Lindgren nor Knutsson ever 

suggested that a quartz typology would achieve this ease of retouch recognition.   

 

The position taken in this thesis is that certain, highly formalised artefacts may have 

direct typological comparanda in alternative materials, and that in these instances such 

relationships should be highlighted. However, it will also be critical to understand those 

objects in terms of the technical sequences that have led to their formation – and that 

these sequences may not be comparable across materials; a typology devised for the 

spectrum of cores and debitage products is called for in order to devise a framework for 

analysing quartz assemblages, beyond the gleaning for retouched tools. Such an 

understanding can only be generated through detailed understandings of the properties 

of varied materials. What is now firmly recognised is that analyses based on formal tool 

types – tool types defined by archaeologists as ‘formal’ by the recognition of retouch – 

are only part of the picture of the prehistoric use of lithics; unretouched artefacts were 

also tools, and a failure to recognise this produces a skewed picture of the 

archaeological record. Of course, the major dilemma facing the analysis of any 

assemblage is that the identification of retouched artefacts – the so-called formal ‘tools’ 

– is the easy part: the difficulty, in terms of time and expense, is setting up programmes 

of use-wear analysis to identify the unretouched portion of the assemblage as having 

been used as tools, and not bracketing them off as ‘debitage’ or ‘waste’. Unfortunately, 

it is beyond the scope of this thesis to conduct use-wear analysis on the assemblages 

under scrutiny as this would be a full PhD project in its own right; consequently, this 

thesis should be regarded as the first step in the understanding of quartz technology in 

prehistoric Ireland, and this is to be achieved by a series of knapping experiments to 

assess the fracture mechanics of the quartz, in order to set up a framework for 

understanding the assemblages from the point of view of the procurement and 

manufacture of the artefacts. It is hoped that this research will then allow a suitable 

framework for use-wear analysis to follow on from it.   
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 An important aspect discussed by various researchers is that ‘quartz’ as a general 

term for stone, or more correctly, mineral, is a catch-all term that masks considerable 

diversity in quartz-types used; a number of researchers cited pointed out that the best 

quality quartz was actively sought out and used, while some have analysed the 

procurement of differing quartz types for different tool types in terms of the Binfordian 

concept of expedient and curated tool kits (e.g. Ballin 2008; Abbott et al. Forthcoming). 

As noted, quartz is very often linked with a bipolar technique of reduction (cf. Rankama 

et al. 2006, 250), but this review has shown that the reliance on this technique by quartz 

users has been over-emphasised by researchers, and indeed, Knutsson’s experimental 

work suggested that a platform core can also produce what appears to be bipolar flakes, 

therefore adding to the complexity of analysis. But it is clear that the use of a bipolar 

technique was certainly not a necessity but came down to traditions of working and 

choices by the knappers, rather than material constraints. Another aspect is that while 

the use of quartz has often been interpreted as a necessity, this review has shown that 

this was not the case in all instances, and quartz was actively chosen, even when valid 

alternatives were available. Therefore, quartz can be seen as a valid raw material and 

ideas of it as a poor substitute reflect the paucity of our knowledge of prehistoric 

peoples rather than a prehistoric reality.   

 

What is discussed less frequently is that this ‘validity’ of quartz as a raw material 

may well have roots beyond the immediacy of the raw material as analysed by modern 

technologists, but rather, the use of quartz was bound to the social, cosmological, and 

spiritual realities of the prehistoric communities and how they comprehended quartz and 

its place in the world. For much of the research presented, this aspect is usually 

considered secondarily, if at all, to the ‘hard facts’ of technology; a modern take on 

technology that is conceived and interpreted as fundamentally asocial in its conception 

and practice, and splits the social reality of technological practice for the seemingly 

more fundamental aspects, or questions, of technology – those which concern purely 

material and functional attributes (for discussions on the sociality of technology see 

Pfaffenberger 1988; Lemonnier 1993; Reynolds 1993; Dobres 2000; Ingold 2000).   

 

Ingold (2000, 314) has argued that there was no such thing as technology in 

prehistory, by which he means that the modern concept of technology – as a sphere of 

activity separated from social relations, and as a means of mastery over, and distance 
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from, nature – did not exist until relatively recently. Instead, Ingold (2000) emphasises 

skilled practice and the embeddedness of sociality in technology; he argues that the 

study of material culture should be based on artifice rather than artefacts, which 

emphasises technology as action. Similarly to Ingold, Dobres (2000, 1, 128, passim) 

maintains that people do not possess a technology but rather people enact technologies, 

and she places emphasis on practice and on the group – she calls these “mindful 

communities of practice”. Dobres argues that even seemingly ‘simple’ technologies 

were inherently political and consequently open for contestation and ambiguity, and that 

these were played out through technological practice. Reynolds (1993) describes the 

separation of the technical from the social as the “great tool-use fallacy”. In 

deconstructing this fallacy, he highlights the cooperative construction of artefacts and 

complementary action undertaken to bring this about. Reynolds (1993, 410-2) argues 

that even when people work alone, this is still social because the skills used are 

developed as a member of a group; it is usually just one action in a larger, community 

effort; required raw materials obtained through social exchange; and “because it is 

typically direct towards social ends”. 

 

Rankama et al. (2006) broached the question of how the analysis of a seemingly 

simple technology utilising quartz can be analysed in terms of what they consider the 

social dimensions of the technology, as has become more commonplace in the analysis 

of flint. They suggest that avenues taken by lithic analysts such as the study of learning 

processes, the transmission of skills, identifying skill levels, and issues regarding power 

and prestige are ill-suited for quartz studies and that it is “essential that the methods 

employed in these [quartz] studies are not selected on the basis of their popularity in 

current lithic research but purely on the basis of the applicability to the specific 

characteristics of vein quartz assemblages” (Rankama et al. 2006, 261). They suggest 

that investigations into the chaîne opératoires of quartz assemblages can provide an 

avenue into the social implications of quartz technology, by focusing attention on the 

choices taken in the reduction and use of the lithics.   

 

This thesis maintains that technology is ineluctably social in its formulation, 

application, and implication. Consequently, the sociality of technology is not something 

that happens after the fact; a draping of attributes on to technological studies, or a check 

list of evidence which can point out the social side of technological practice, but at the 
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heart of what technology was and did. This acknowledgement of the sociality of 

technology does not of course ignore the fundamental materiality of technology: the 

working of stone could not but be a physical act, but this does not detract from the 

premise that this physical act was played out in a social arena in which the actions and 

consequences of practice formed and maintained social relations – relations not only 

between people, but also between people and the plants, animals, and what we perceive 

as ‘inanimate’ parts of the world; it is only one perspective to view sociality as limited 

to humans (see Ingold 2000). Indeed, the concept of materiality has been used as a way 

to conceive of the mutually reinforcing place of the social and material world (see 

Gosden 1994; Jones 2004a) – the material world’s properties both enable and constrain 

human action (Gosden 1994, 77). The fundamental issue with archaeological concerns 

is that change happens – attitudes change as relationships change, and the aim of 

archaeological practice is to be able to point out changes in material culture and 

interpret what these changes meant for the communities involved. Consequently, while 

the reality of the sociality of technology can be expounded, the challenge is in 

interpreting how this evidences itself in the archaeological record, and how changes in 

material culture can be tied to changes in the relationships between people and the 

world in which they dwelled.            
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5 Methodology 
 

5.1 Introduction 
 

In the last chapter I outlined various approaches that have been taken in analysing 

quartz assemblages, discussing how a variety of approaches to quartz have been 

instigated. This chapter outlines the approach I will take in assessing quartz lithic 

technology in Ireland. The main approach of this thesis is experimental knapping; a 

series of experimental knapping events have been devised in order to create an 

experimental assemblage with which to analyse quartz artefacts from two excavated 

assemblages – Belderrig, Co. Mayo, and Thornhill, Co. Londonderry – which serve as 

case studies. These case study assemblages, and their excavations, will be properly 

introduced in their respective chapters. In Section 5.2 I will turn again to the issue of the 

sociality of technology introduced in the previous chapter, outlining my understanding 

of this and the implications it has for my methodology. Section 5.3 introduces the 

general methodology, the chaîne opératoire, used in this thesis and how it relates to a 

social archaeology perspective. Section 5.4 returns again to the subject of typological 

and terminological considerations discussed in the previous chapter, while Section 5.5 

introduces the petrographic analysis undertaken. Section 5.6 introduces the knapping 

experiments and the analysis of the case studies; Section 5.7 introduces the quartz 

recognition experiments undertaken on participants at the Belderrig excavations and the 

WAC conference in Dublin; Section 5.8 introduces the experiment with burnt quartz; 

and Section 5.9 introduces the case studies.  
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5.2 Primary considerations – the sociality of technology 
 

It is time we took more seriously the likelihood that subtle, non-discursive, 
tacit, and unintended sorts of political interests were practiced by even the 
most 'primitive' technicians in the course of pursuing their most mundane 
and simplest (adaptive) technologies...[E]ven in the most cohesive of 
communities, where the homogeneity of habitus is said to be most 
pronounced (such as egalitarian hunter-gatherers), everyone will not 
necessarily and always agree on what must be done nor how to 
proceed...Life is a terrain full of ambiguity, ambivalence, and contestation; 
technology is both an arena where they come to the fore and an 
intersubjective site where they can be negotiated and worked through 
(Dobres 2000, 118, 140-1 emphasis in original).  
 

This thesis concerns our understandings of quartz use by early prehistoric 

communities as part of their lithic technology. As discussed in the previous chapter, my 

understanding of technology is that it is social in its formulation, application, and 

implication. Consequently, while placing emphasis on the physical attributes of the 

quartz – through the experimental knapping, which will provide data on the material 

characteristics and constraints of quartz – the concurrent consideration is the sociality of 

technology. As mentioned previously, I do not view the social and technical as two 

separate entities, nor are they simply two sides of the same coin. Rather, through the 

enaction of technology people situate themselves in the world in relation to themselves 

and to others. The implication of this stance is that any analysis of technical acts or 

technological systems must recognise that material considerations, and material 

constraints, cannot be analysed first with a dressing of social considerations put on after.   

 

This naturally complicates matters: it would easier to move from the seemingly 

concrete – the hard facts of the material we have evidence for in the shape of the 

surviving lithics – to the seemingly abstract – the elusive facts we want evidence for in 

the shape of what the surviving lithics meant to the prehistoric communities. However, 

such a train of thought derives from the “seductiveness of the tangible” (Dobres 2000, 

66); from the idea that the physical remains are easier to assess than the social systems 

that created them – Dobres (2000, 106, emphasis in original) put the question thus,  

how does a researcher know where, when, and how to draw that imaginary 
line between the material and non-material components of technology (such 
as hunting), if in practice they are inseparably linked through the thoughts 
and value systems of technicians?  For example...the technology of faunal 
acquisition and processing...often focuses narrowly on the material and 
hardware ‘side’ of hunting and dismembering activities.  In doing so, 
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western sensibilities about what a technology of ‘the hunt’ involves are 
reaffirmed, but this may bear little resemblance to the (emic) ethnographic 
or ancient situation.  

 

Along similar lines, Lemonnier (1986) and Petrequin (1993) have discussed the 

parameters of the material and the social, the former from an anthropological 

perspective and the latter from an archaeological perspective. Lemonnier (1986, 164), 

from a study of the Anga in New Guinea, examined the distribution of various technical 

traits, such as traps, houses, arrows, and the chaîne opératoire of gardening amongst 

different groups and discussed how the technical choices of a given group can occur due 

to “purely social dimension[s]”. Addressing an archaeological community wishing to 

understand the social parameters of technical choices, and subtitling his article “toward 

an anthropology of technical systems”, Lemonnier (1986, 176, 179) suggested that one 

of the aims of his paper was to “stress the complexity of social content in material 

culture”; “[w]e shall conclude...that the logic of technical choices made by the Anga 

still escapes us and that the classifications resulting in the similar distribution of 

functionally independent traits have mutual relations which are not all direct...[i]t is 

rather the relation among terms, indeed relations among relations, which are reflected in 

the variety of choices made by societies.”   

 

Petrequin (1993, 52, passim) highlighted that considerations of raw material 

physical characteristics alone will not dictate how it might have been worked, but that 

technological choices are dependent on the cultural understandings of the “right” way to 

work material. His research on the production of axes by Neolithic communities in the 

Jura Mountains suggested that their stone craft was influenced by the traditional, 

culturally defined, techniques used – when a particular type of hard rock that had been 

used was no longer as readily available through exchange, the communities began to 

extract a local, softer rock. Even though this softer rock required a change in technique 

to form the axe, they continued for some generations to use their culturally defined 

technique that was suitable for the imported hard rock. Eventually, their technique 

became modified to suit the new material, and this new technique continued even after 

the raw material reverted back to the original hard rock. Therefore, while material 

constraints are important in understanding prehistoric technology, there was more at 

play in their technological decisions than materiality.  
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Another level of complexity in the sociality of technology derives from 

contextualising notions of individuality and personhood. Taylor (1992, 112) comments 

that the modern idea that a self is something that comes from within a single individual 

is a peculiar, historically contingent understanding, and a difficult one to see beyond: 

“who among us can understand our thought being anywhere else but inside, ‘in the 

mind’? Something in the nature of our experience of ourselves seems to make the 

current localization almost irresistible, beyond challenge”. Fowler (2004) has outlined 

various differing anthropological studies of individuality and dividuality, such as the 

concept of partible people and multiple authorship, and also of permeable people. He 

elaborates how these differing ways that people conceive of themselves in the world do 

not stand in clear distinction from the current modern western idea of the individual, but 

rather 

each person negotiates a tension between dividual and individual 
characteristics, and, in all societies, personhood emerges from the constant 
reconciling of one with the other. In some contexts, like modern Europe, 
individual features are accentuated, while in others, like contemporary 
Melanesia, dividual features are accentuated – but these are dominant 
features, not factors which completely repress or override the other  (Fowler 
2004, 34 emphasis in original). 

 

Along these lines, Finlay (2003b) has approached the study of Scottish Mesolithic 

lithic technology from the perspective of the partibility of people and things. Using the 

concept of multiple authorship, she highlights how the composite nature of making and 

using microliths epitomises this idea, and that a shift away from a focus on the fixed and 

bounded nature of people and things allows for the contemplation of the fluidity and 

ambiguity of social relations.         

 

This thesis, therefore, takes the sociality of technology as axiomatic. What is not 

axiomatic, however, is the minutiae of how quartz technology was involved in the social 

reproduction of prehistoric communities. If we accept that social relations were key in 

the enacting of technology, and that social beings were not fixed or bounded, we must 

accept that the use and perceptions of quartz technology were also fluid and ambiguous. 

Consequently, this calls for a careful consideration of the material remains that provide 

us with our evidence of prehistoric technologies, and a careful consideration of how 

archaeological practice forms our perceptions. In terms of the ramifications for the 

methodology of this thesis, therefore, while placing emphasis on the material 
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characteristics of quartz which will be defined through the experimental knapping and 

geological studies, the framework will maintain a firm social focus, and be concerned 

with not splitting the material from the social; this entails that a separate chapter cannot 

be devoted to social implications once the material concerns are outlined. On the 

contrary, they are implicated in the analysis from the start, and acknowledged as so; the 

analysis of the sociality of technology cannot be contrived as a check list of attributes to 

be sought, but rather as a fundamental premise from which one begins. A useful 

methodology for beginning with such a premise is the concept of the chaîne opératoire.    

 

 

5.3 Exploring the chaîne opératoires 
 

Leroi-Gourhan developed the concept of the chaîne opératoire as a methodology for 

comprehending and analysing the technical actions undertaken in the manufacture and 

use of material culture, especially from a social, cognitive, and evolutionary perspective 

(Leroi-Gourhan 1993; Bleed 2001; Audouze 2002). While Leroi-Gourhan coined the 

term, he “had crystallized an idea or a set of ideas that were emerging at the time”, such 

as those of Mauss and Maget (Audouze 2002, 286-8). As well as the French concept of 

the chaîne opératoire – operational sequences – American and Japanese researchers 

have analysed technology from the sequence model perspective (Bleed 2001). Bleed 

(2001) suggests that two broad approaches can be discerned in the sequence models 

research – the teleological and the evolutionary. The teleological approach treats the 

technical acts as a product of a predetermined pattern, or mental template, with 

emphasis on the results; the evolutionary approach treats the technical acts as reactions 

to situations, with emphasis on the actions and the possible diversity in the sequence 

(Bleed 2001, 120-1). Bleed (2001, 121) suggests, however, that the distinction between 

these two approaches “is not a simple one”, and that “sometimes both perspectives are 

evidenced in the same analysis.” This highlights that the concept of the chaîne 

opératoire is not necessarily a programmatic device, but open to differing conceptual 

perspectives.     

 

Dobres (2000, 154-5) comments that while the initial concept of the chaîne 

opératoire held an explicitly social focus, this has been lost as analyses have 
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“developed a more rigorous scientific basis and analytic program.” Dobres argues that 

an engendering of the chaîne opératoire is needed, which can allow a move away from 

normative templates as the focus of attention, to a focus on variation, which brings to 

the fore the social dynamics of the communities. This is achieved by using a practice 

framework, which “means, in essence, working from the premise that the social context 

of site-specific production and use activities played a major role in structuring the 

choice of productive strategies actually practiced” (Dobres 2000, 158).   

 

Conneller (2000) discussed her use of the chaîne opératoire in investigating the 

Mesolithic in England. Conneller (2000, 140, passim) stated that her “analysis has 

focused on the reduction sequences represented in the lithic assemblages recovered 

from these sites [in the Vale of Pickering]” and suggested that using the chaîne 

opératoire “engendered certain problems when conceptualising human action in the 

landscape”; she was critical of the linearity that can be imposed on the interpretation of 

the chaîne opératoire, and argued that its use can segregate human action from the 

landscape. Conneller translated the ‘chaîne opératoire’ as the “chains of action” 

(Conneller 2000, 143) or as a “chain” (Conneller 2000, 148); this may partially explain 

her uneasiness with the concept – in describing the chaîne opératoire as a ‘chain’, one 

can get the impression of a solid, linear connection, a continuous chain, such as that of a 

metal chain. However, a correct (and more common) translation would be to call it an 

operational sequence – this immediately removes the necessity of contemplating the 

sequence in such a rigid manner, and allows for how Conneller (2000, 148) considers it 

to be, “non-linear, numerous, and frequently of multiple authorship”.    

 

The chaîne opératoire is used in this thesis as a methodology with which to assess 

the technical practices at play in the selected case studies. At base, the chaîne opératoire 

examines all the actions – or enactions – at play from an artefact’s birth to death; this 

can also include an artefact’s rebirth as a reused artefact or its rebirth as an 

archaeological entity (see Woodman et al. 2006), and is not limited to its use to analyse 

reduction sequences (contra Conneller 2000). Figure 5-1 shows at a basic level the 

possible chaîne opératoires seen in the archaeological record for lithics, highlighting 

the myriad of possibilities even at this level of representation; each of the six main 

groups listed concurrently contain their own multiple chaîne opératoires. Odell (2001, 

81) has commented that many adherents to the chaîne opératoire methodology do not 
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use the full battery of methods available, and the results are “warmed-over lithic 

reduction sequences, with occasional lip service to procurement”. Figure 5-2 highlights 

the limitations of this thesis: as no use-wear analysis will be conducted, the possible 

chaîne opératoires available for study are consequently lessened.  

 

 
Figure 5-1 Possible chaîne opératoires 
 

 
Figure 5-2 Chaîne opératoires without use-wear analysis 
 

As stated in the previous chapter, it is beyond the scope of this present project to include 

a use-wear component, which would in effect be a full PhD project its own right, but it 

is hoped that this research can provide a coherent classificatory framework for the 

understanding of the fracture mechanics of the quartz assemblages, which can be added 

to by future use-wear analysis.  
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5.4 Typologies and terminologies 
 

To dictate definition is to wield cultural power 
(Livingstone 1992, 304). 

   
This thesis will attempt, through experimental work, to define a quartz core and 

debitage product typology in order to devise a framework with which to understand 

quartz technology. At base, lithic typologies are devised to organise artefacts into 

mutually exclusive types, and to communicate this organisation to others, often in order 

to delimit cultures, chronologies, and technologies and are generally understood as 

heuristic devices (see Klejn 1982; Adams and Adams 1991; Wylie 1992; Lucas 2001; 

Woodman et al. 2006). As discussed in the previous chapter, there is a general division 

between typological studies and technological studies, with the latter using ‘types’ as 

well, and this has been described as debitage typological analysis (e.g. Andrefsky 

2001), or typotechnological analysis (e.g. Cornelissen 2003; Ballin 2008).   

 

As a prime function of typologies is to communicate, questions of terminology are 

important. Terminology in lithic analysis is characterised by the use of various terms 

that can appear to have ambiguous or multiple meanings, and it is often unclear which 

meaning is implied in a specific instance, unless the authors append a glossary to their 

work – in the last chapter I noted the example of categories of ‘formal’ and ‘expedient’ 

tools. Another prime example is the terminology of ‘debitage’ and ‘debris’; Table 5-1 

lists the descriptions given for ‘debitage’ and ‘debris’, sensu Inizan et al. (1999), from 

six publications (one French, four British9, and one Irish10) that have all explicitly 

outlined the terminology of their lithic analysis. Inizan et al. are used as the comparison 

for three reasons –  

1. As this was the first of these published11;  

2. Woodman et al. (2006) and Ballin (2008) cite this book and were therefore aware 

of Inizan et al.’s terminology;  

3. Wickham-Jones (1990, 57) noted that the terminology of the original French 

edition of Inizan et al. was used for her publication, and subsequently Finlayson (2001, 

                                                           
9 One of the ‘British’ publications was authored by an American (Andrefsky), and another by a 
Norwegian (Ballin). 
10 The Irish publication was co-authored by a Briton (Finlay), who also co-authored the Finlayson et al. 
(2001) publication. 
11 Originally published in French in 1980 (Tixier et al. 1980) and in English in 1992 (Inizan et al. 1992). 
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61) based their terminology on an adaption of Wickham-Jones (1990), and therefore 

ultimately on Tixier et al. (1980). 

 

Table 5-1 Variable meanings of 'debitage' and 'debris' 
 

Term Inizan et al. (1999, 
138) 

Wickham-Jones 
(1990, 58, 73) 

Finlayson et al. 
(2001, 62, 64, 547) 

Woodman et al. 
(2006, 86) 

Andrefsky (1998, 
xxii, 81-2) 

Ballin (2000, 10-
11) 

Debitage [T]he intentional 
knapping of blocks 
of raw material, in 
order to obtain 
products that will 
either be 
subsequently 
shaped or 
retouched, or 
directly used 
without further 
modification [and] 
all removals 
resulting from the 
knapping of a core 

[D]ebris that was 
not suitable for any 
further purpose, 
material discarded 
immediately upon 
the end of the 
knapping exercise. 
It includes much 
very small material  

[U]sed in a 
conventional 
manner and does 
not imply that such 
artefacts are indeed 
waste  

[S]mall pieces – 
flakes, chunks, 
shatter and chips 

Detached pieces 
that are discarded 
during the 
reduction process   

[U]nmodified 
flaked  products 
(various blanks 
and waste material 
including chips, 
flakes, 
indeterminate 
fragments and 
chunks) from the 
reduction of a core 

Microdebitage 
[and] Small 
fraction debitage 

  [Artefacts that are]  
< 10 mm maximum 
dimension 

   

Debitage  
Products 

[A]ll removals 
resulting from the 
knapping of a core, 
i.e. to all flakes in 
the broader sense of 
the term: those 
resulting from 
preparation, 
potential tool 
blanks, and all 
waste products 

     

Debris [S]hapeless 
fragments whose 
mode of fracture 
cannot be 
identified, and 
which cannot be 
assigned to any 
category of objects 

[A] by-product of 
knapping: that 
material which 
inevitably results 
from the knapping 
process but which 
was not the goal of 
that process. Some 
debris may be 
suitable for use 
with or without 
modification 

  Detached pieces 
that are discarded 
during the 
reduction process   

 

Shatter     [Flake shatter] All 
flake debitage 
with no 
recognisable 
striking platform 
[Angular shatter] 
Lack of  a 
recognisable 
single dorsal or 
ventral feature 

 

‘Chip’  Blades below 5mm 
in width 

 [introduced but not 
defined] 

 All flakes and 
indeterminate 
fragments, the 
greatest dimension 
(GD) of which ≤ 
10 mm 

Chunk  [R]emovals with 
neither platform nor 
ventral surface. 
They are generally 
the unintentional 
by-products from 
knapping. They 
may be large or 
small 

Pieces that have 
neither platforms 
nor ventral 
surfaces. These are 
generally an 
accidental knapping 
product, or the 
result of pieces 
shattering because 
of heat 

[A] piece with 
neither platform nor 
ventral surfaces. 
Generally an 
accidental knapping 
product or product 
of heat shatter; 
common in chert 
and quartz 

 [L]arger 
indeterminate 
pieces...chunks 
being a sub-
group...covering 
the larger, 
‘chunky’ pieces so 
characteristic 
of...quartz 
assemblages 

Indeterminate 
Pieces 

     GD > 10 mm, 
which cannot be 
unequivocally 
identified as either 
debitage...or cores  
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Inizan et al. suggest that ‘debris’ is a piece that cannot be assigned to any other 

category. Andrefsky maintains that ‘debris’ is the same as ‘debitage’; instead, he uses 

‘shatter’, with a distinction between ‘flake shatter’ and ‘angular shatter’ – with ‘flake 

shatter’ being mesial and distal flake fragments. Ballin has two usages of ‘debris’ – in 

his outline of terminology cited above, he excludes the term and instead uses the two 

terms ‘indeterminate pieces’ and ‘indeterminate fragments’, depending on size; but in 

other articles he uses ‘debris’ but does not define its meaning (e.g. Ballin 2005, 2008). 

Woodman et al. and Finlayson et al. do not use the term but use ‘chunk’ instead.12 

While Wickham-Jones also calls ‘debris’ ‘chunks’, she describes ‘debris’ as the by-

product of knapping which may have been suitable for use, and ‘debitage’ as ‘debris’ 

that was not suitable for use. Ballin (2000, 10) rightly argues that this use of ‘chunk’ is 

often inappropriate, as the chunks may not actually be ‘chunky’, but may be thin pieces, 

and he suggests that ‘chunk’ should be kept for artefacts that are actually sensu stricto 

‘chunky’, especially in relation to quartz pieces, which , according to him, often fracture 

in such a way.  

 

From this we can see that a relatively straightforward concept – debitage – can have 

substantially different meanings. What is interesting is that Ballin’s (2000) publication 

was a call for a more accurate, standardised, classification and description of lithics. Yet 

he nevertheless eschewed a published, workable terminology, i.e. Inizan et al.’s, for his 

own. Whereas Inizan et al.’s terminology leaves out size, with which the terms could 

then be sub-divided into, others constrain various terms to size, using the >, <, and ≤ 10 

mm as arbitrary dividing points. As noted in Chapter 3, Flenniken’s work showed that 

unretouched pieces under 10 mm were actually used ‘tools’, and under Ballin’s 

classification these would be chips – which he describes as “primary refuse” (Ballin 

2000, 10). Furthermore, there is an inconsistency in the use of the 10mm division: 

Finlayson et al. use “< 10 mm” while Ballin uses “≤ 10 mm”.   

 

Even when lithic analysts note in their reports that they are using a chosen 

terminology such as Inizan et al. or Finlayson et al., they use terms that are undefined, 

or in a different manner. For example, while stating that they are using the Finlayson et 

al. (2001) publication’s terminology, Warren (Forthcoming) and Dolan and Warren 

(2006) use ‘chip’ which is undefined by Finlayson et al., which consequently means 

                                                           
12 However, Woodman and Johnson (1996) had used the terms ‘debris’ and ‘debitage’ interchangeably. 
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that it is not possible to understand what they mean by that category; while stating she is 

using the Inizan et al. publication, Sternke (n.d.-c) uses the term ‘debitage’ in a manner 

that is inconsistent with Inizan et al.   

 

The Inizan et al. terminology is the more useful, and straightforward, in its usage, 

and this thesis will use its terminology. However, the Inizan et al. publication is not 

without its own peculiarities – for instance, while devoted to the techniques and 

methods of knapped stone, it makes no mention of the bipolar technique of knapping. 

The development of a debitage typology for the quartz material will necessitate 

terminology not included in the Inizan et al. publication, and therefore all terms used 

will be defined in Appendix A-1.   

 

“Typology generalises...[it] draws its support from what is repetitive and stable and 

steers clear of what is individual and fugitive” (Klejn 1982, 78-9). In sorting artefacts 

into types, therefore, using a typological framework rests uneasily with understanding a 

social technology, which acknowledges fluidity and ambiguity at the core of social, and 

hence technical, relations. The construction of a quartz debitage typology, however, 

which will generalise an assemblage into fracture types, is a heuristic device to gain a 

better understanding of quartz assemblages. From this starting point, one can assess the 

chaîne opératoires in action in any assemblage, allowing for a detailed picture to be 

drawn of how the communities of practice (sensu Dobres 2000) varied in their lithic 

technology.     

 

 

5.5 Assessing the raw material and collecting for the experiments 
 

The initial stage in the experimental knapping is the assessment of the quartz from 

the main case study area, Belderrig, Co. Mayo. The excavated material appeared to be 

of differing quality, and from a variety of sources such as psammite and metadolerite 

outcrops, and beach cobbles. A selection of quartz from different sources in the locality 

of the site was analysed macroscopically and through thin section by Julian Menuge, 

School of Geology, UCD. This was conducted in order to determine the range of quartz 



95 

 

under consideration, to ascertain its structural properties, and possible effects on 

fracturing. 

 

  The quartz collected for the knapping experiments was collected from around the 

vicinity of Belderrig Harbour. Four locations were chosen for collecting material for the 

knapping – from metadolerite outcrops, psammite outcrops, beach cobbles, and a vein 

associated with metadolerite from about 1 km west of the harbour, which has been 

called Rose Cottage quartz (because of a so-named nearby house). The psammite 

hammerstones used were collected from the Belderrig shore. Festooned chert13 

collected from an outcrop overlooking Lough Derravaragh, Co. Westmeath was 

knapped as a comparison to the fracture patterns of the quartz. This is the site of the 

possible Mesolithic chert quarry investigated by O’Sullivan et al.(2007). The chert was 

extracted away from the face containing the possible prehistoric extraction, in an area 

where weathering had loosened the chert into small, workable slabs. 

 

 

5.6 Fracture mechanics – experimental knapping and case study 

analysis 
 

Understanding the fracture mechanics of raw materials is a key consideration in 

analysing lithic technology (Cotterell and Kamminga 1987; Knutsson 1988a; Callahan 

et al. 1992; Whittaker 1994; Andrefsky 1998; Inizan et al. 1999; Odell 2003). By using 

glass as a proxy for homogenous, isotropic rock, numerous studies have investigated 

flake formation and variables contributing to debitage attributes (e.g. Whittaker 1994; 

Dibble and Pelcin 1995; Pelcin 1997a, 1997b), while other studies have used materials 

used by prehistoric knappers such as flint (e.g. Pelegrin 2006), obsidian (e.g. Davis and 

Shea 1998), rhyolite (e.g. Darmark 2006) and quartz  (e.g. Flenniken 1981; Knutsson 

1988a; Callahan et al. 1992).   

 

Cotterell and Kamminga (1987) define three major flake types based on the type of 

initiation – conchoidal, bending and wedging (Figure 5-3). The authors commented that 

an overemphasis on conchoidal flakes in lithic analysis is a legacy of the eolith debates 

                                                           
13 Festooned chert is a form of chert from the Irish midlands (Nevill 1958; Warren et al. 2009). 
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– when first attempting to define humanly struck stone “[a]nything that did not have 

characteristic conchoidal features was relegated to the status of "chips, spalls or 

splinters" and effectively ignored in artifact [sic] descriptions and analyses” (Cotterell 

and Kamminga 1987, 681). 

 

 
Figure 5-3 Flake initiation – adapted from Cotterell and Kamminga (1987) 

 

For conchoidal flakes, the flake fracture initiation begins at the point of impact and 

the resultant flake will generally have a visible bulb and compression rings – two 

signatures used to identify a humanly struck flake. For bending flakes, the initiation 

begins away from the point of impact, and therefore does not create a bulb and has less 

apparent compression rings; Cotterell and Kamminga (1987, 690) note however, for 

bending flakes that “the flake surface created during the transition from initiation to 

propagation can look superficially like a diffuse bulb and has been mistaken as such by 

archaeologists”. Transverse breaks in flakes during manufacture, use and after discard 

are usually formed by bending fractures. The fracture initiation of bipolar percussion 

usually is formed by wedging, with the resultant flakes often being compression flakes. 

Cotterell and Kamminga (1987, 686) noted that hard hammer percussion generally 

formed conchoidal flakes while bending flakes were formed with softer impactors and 

during pressure flaking. Research by Pelcin (1997b) noted that for hard hammer 

percussion, an increase in platform width and a low exterior platform angle also creates 

bending flakes. 

 

Conchoidal Bending

Initiation
Compression
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Redman (1998) examined the debitage attributes associated with hard and soft 

hammer percussion, based on the experimental knapping of bifaces. In discussing the 

attributes usually cited as signifying differences between impactor types, she lists the 

following: lipping, bulb, flake thickness, flake weight, flake length, crushed platform, 

platform width, flake curvature, platform angles, and manufacture stage. The bifacial 

reduction experiments were performed by three knappers using both impactor types to 

produce six biface blanks from Wyandotte chert. Redman (1987, 41) noted that due to 

the inherent difficulties in accurately measuring platform angle, this attribute was not 

recorded. The only flakes used for the analysis were complete flakes which accounted 

for about half of the assemblage. Redman argued that the results of the analysis 

suggested that categories of ‘hard hammer flake’ and ‘soft hammer flake’ “are, in a 

sense, meaningless” – greater variability was seen between the three different knappers 

rather than impactor. The only variables immune to idiosyncratic knapper difference 

were the bulb thickness, max thickness and midpoint thickness; while immune to 

knapper difference they were nevertheless only weak at distinguishing between 

impactor type (Redman 1998, 90-1).  

 

Redman’s research has highlighted that knapping experiments can benefit from the 

use of multiple knappers. This, however, was not practical for the present project which 

is based on a single knapper; future research on Irish quartz technology could usefully 

follow from this project by examining the variability between knappers. This thesis 

broadly follows the framework used by Knutsson (1988a), whereby quartz was 

knapped, by a single knapper, using various techniques and methods, resulting in an 

experimental assemblage of cores and debitage products with which to analyse the case 

studies assemblages. Inizan et al. (1999, 30) have defined method, technique, and 

technical procedures as referring to  

any carefully thought out sequence of interrelated actions, each of which is 
carried out according to one or more techniques...Physical actions – a deft 
flip of the hand, the use of a hard or soft hammer, the interposition of a 
punch – are all examples of techniques...Technical procedures are short 
systematic sequences of actions involved in any kind of preparation, such 
as: the abrasion of an overhang [etc.]. 

 

Before the experimental phase, a preliminary examination of the excavated 

assemblages from the case studies was conducted, providing a general overview of the 

material. The experimental knapping used three different techniques (hard and soft 
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hammer direct percussion and bipolar percussion) and two supports (elastic and 

inelastic) giving five different technique/support combinations (Appendix A- 4); the 

elastic support means freehand, or against the leg as support, while inelastic means the 

use of an anvil, such as platform-on-anvil or bipolar-on-anvil (Knutsson 1988a). Eight 

cores were knapped with each technique, using four types of vein quartz and cobble 

quartz (the ‘cobble quartz’ is also vein quartz that has been transformed into cobbles). 

One chert block was knapped with hard hammer to provide a base comparison for the 

quartz. The cores were knapped until they either reached a small size, or until no further 

good flaking angles could be achieved.  This knapping provided an experimental 

assemblage of 41 sets of cores and debitage products, comprised of the 10 cores for 

each quartz source type, plus one from the chert. The experimental assemblage was then 

analysed through a combination of debitage typological analysis and attribute analysis 

(cf. Andrefsky 2001). Debitage typological analysis concerns the structuring of the 

debitage into recurring types on an individual basis, such as recurring fracture types of 

flakes and flake terminations (cf. Knutsson 1988a), while attribute analysis concerns the 

assemblages as a whole by assessing attributes such platform attributes (platform 

width/thickness) (cf. Odell 1989). The details of the recording of the experimental 

knapping events are presented in the Chapter 6. 

 

The variables that were recorded during the first phase of the experimentation are 

divided into input (Appendix A- 5) and output (Appendix A- 6) variables (see  Ahler 

1989). Appendix A- 7 and Appendix A- 8 outline the various attributes recorded for the 

cores and debitage products during the experiments. The core and debitage types were 

devised as a result of the experimentation. While Inizan et al. (1999) have suggested 

that for ‘debris’ no other term should be used, from the knapping experiments it was 

noted that the debris often formed into thicker and thinner pieces. Therefore, it was 

decided to subdivide the debris into pieces that were ≥3mm thick or <3mm thick, with 

the thinner pieces defined as slivers; the 3mm size was chosen after experimentation 

showed that this size appeared to create a suitable division. The subdivision of the 

artefacts into slivers and non-slivers could be done rapidly by setting a callipers to 

3mm, with those that passed through the gap defined as slivers. 

 

Measurements were taken with a 200mm Vernier callipers rounded to one decimal. 

Weights were recorded with two scales; a 3000g ±0.1g scale rounded to one decimal for 
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the original block of quartz, and a 400g ±0.01g scale rounded to two decimals for the 

resultant cores and debitage. For the sieving of the bulk-collected smaller debitage into 

size grades, two calibrated sieves were used – a 5mm perforated metal plate sieve and a 

1mm woven wire sieve. The same instruments were subsequently used for the 

archaeological material. 

 

For the statistical analysis, a 95% confidence level was used throughout. The 

statistical analysis and random sampling was conducted with SPSS 15.0 (2006b). The 

principal statistics used for scale data were Analysis of Variance (ANOVA), Univariate 

General Linear Model (UNIANOVA) and Multivariate General Linear Model (GLM), 

which provide analysis of variance. The One-Way ANOVA procedure “produces a one-

way analysis of variance for a quantitative dependent variable by a single factor 

(independent) variable. Analysis of variance is used to test the hypothesis that several 

means are equal”. The UNANOVA “procedure provides…analysis of variance for one 

dependent variable by one or more factors and/or variables. Using this General Linear 

Model procedure, you can test null hypotheses about the effects of other variables on 

the means of various groupings of a single dependent variable. You can investigate 

interactions between factors as well as the effects of individual factors” (2006b). For 

UNIANOVA, one category from each variable is used as the reference category for that 

variable with which to compare to the other categories.  

 

In analysis of variance, post-hoc tests are used “to assess which group means differ 

from which others, after the overall F test has demonstrated at least one difference 

exists. If the F test establishes that there is an effect on the dependent variable, the 

researcher then proceeds to determine just which group means differ significantly from 

others” (Garson 2009b). Three post hoc tests are used in the following analysis – least 

significant difference (LSD), Tukey’s honestly significant difference (HSD), and 

Bonferroni. These three are seen on a scale of liberal (more likely to determine 

differences) to conservative (less likely to determine differences), from the liberal LSD 

to the conservative Bonferroni (Garson 2009b). Generally, the conservative Bonferroni 

results were used and quoted, except in certain instances where apparent anomalies in p 

values (significance) called for a reporting of the LSD test results. For scale data with 

non-normal distributions, the appropriate transformations were used to achieve normal 

distributions (see Shennan 1997). 
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For categorical data, Multinomial Logistic Regression and Generalised Linear 

Model (GZLM) were used for multi-categorical data and binary-categorical data 

respectively. Logistic Regression “can be used to predict a dependent variable on the 

basis of continuous and/or categorical independents and to determine the percent of 

variance in the dependent variable explained by the independents; to rank the relative 

importance of independents; to assess interaction effects; and to understand the impact 

of covariate control variables” (Garson 2009a). The GZLM is used for similar 

predictions, but in cases where the categories are binary responses, such as 

absence/presence of an attribute and so forth (Garson 2009a). While for analysis of 

variance with scale data, post hoc tests are used to identify which particular categories 

differ from others, for logistic regression the difference between particular categories 

are identified from the parameter estimates which provide the p value for each category 

compared to the reference category chosen. 

 

The term ‘significant’ has a specific meaning in statistics, but is also a term used in 

non-statistical language. The term is used in both senses here, but when discussing 

statistical data, the term stands for statistically significant. 

 

 

5.7 Quartz recognition experiment 
 

In order to evaluate how people with different analytical skill levels recognise and 

categorise quartz artefacts Graeme Warren suggested that a quartz recognition 

experiment, similar to that undertaken by Lindgren (1998) investigating the success of 

participants at identifying retouch on quartz artefacts, could be designed and held during 

the 2008 excavations at Belderrig, with the staff and volunteers at the excavation 

participating. This experiment was subsequently run again during the WAC conference 

held in Dublin, in July 2008 with conference attendees invited to participate.  

 

A selection of platform and bipolar cores and debitage were selected from the 

experimental assemblage and presented to the participants. The participants were not 

told that the artefacts were from the experimental assemblage, but instead were told that 

they were ‘Belderrig quartz’ – which the experimental artefacts were made from. The 
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reason for avoiding a description of the artefacts as deriving from the experimental 

assemblage was in order to maintain the possibility that some pieces were not 

anthropogenic in origin – as one might anticipate in an archaeological assemblage but 

not in an experimental one. Furthermore, I was concerned that if the quiz had taken 

place with participants knowing that a definitive answer existed interpretations may 

have been affected by this knowledge. Both factors seemed very important in terms of 

testing an archaeological typology (where prior knowledge does not usually exist). 

 

For the first experiment at Belderrig 30 artefacts were selected, and subsequently 20 

of these were presented to the participants at the WAC quiz. The reason for excluding 

some artefacts was done after feedback from the first quiz suggested that during the 

conference a greater number of people would do the quiz if it was shorter; while this 

meant that less pieces were seen, this would be made up for by a greater range of people 

doing the quiz. The participants were asked to provide details concerning their 

archaeological experience and their experience with analysing lithics in general and 

quartz specifically. The participants were then asked to categorise the quartz artefacts, 

following a form provided, and also using the terminology in the Inizan et al. (1999) 

publication, which was provided for reference. This was requested in order to avoid 

problems of participants using different terminologies as discussed in Section 5.4. The 

participants’ responses were then analysed, with a focus on the effect of their self-

assessed skill level on their ability to identify and classify the artefacts. 

 

 

5.8 Burnt quartz experiment 
 

Two strands of research have investigated thermally altered quartz – those 

investigating the heat treating of quartz to improve the knapping characteristics of 

quartz (e.g. Flenniken 1981; Leveillee and Souza 1981) and those investigating the 

recognition of quartz that has been burnt in hearths and so forth (e.g. Gonick 2003; 

Ballin 2008).  

 

Leveillee and Souza’s (1981) experiments with heat treating quartz arose because 

numerous excavations from southern New England (Figure 4-3) had produced quartz 
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artefacts which had been suggested as being heat treated. Their experiment involved 

slicing a large boulder of quartz and heating these slices in an oven, using variables of 

temperature and time; they then used a mechanical flaking apparatus to flake the heat 

treated quartz. Their results suggested that heat treatment positively affected the size of 

the flakes, and that this was more affected by temperature than time; they argued that 

this supported the hypothesis that heat treatment was used for lithics (Leveillee and 

Souza 1981).  

 

Flenniken’s (1981) experiments with heat treating quartz were part of the larger 

project discussed in the previous chapter. He experimented with heat treatment as a 

possible ‘sub-system’; these experiments involved using x-ray diffraction analysis, 

which records “the loss of inter-granular molecular water between the crystals of the 

heat treated sample” – the results suggested that none of the material had been heat 

treated, probably because it was unnecessary: “heat treatment does not improve the 

flakeability of vein quartz...vein quartz is an example of a high utility (creates sharp 

edges when fractured), low energy (sharp edges are created with little energy out-lay) 

lithic material” (Flenniken 1981, 39, 42). 

 

Gonick (2003) experimented with the effects of both burning and boiling on quartz 

and quartzite, looking at the evidence for fire cracked stones in the archaeological 

record, as well as investigating whether quartz or quartzite is more suitable for heating 

water – while the experiments showed that quartz was more suitable than quartzite (as it 

cracked less), the different fracture patterns between boiling and cracking were 

inconclusive, but discolouration showed that they were in fact heat fractured (Gonick 

2003, 158). 

 

Ballin (2008, 39) noted an under-acknowledgment of burnt quartz in Scottish lithic 

reports and undertook experiments to ascertain the character of it – the findings were 

reported briefly, but unfortunately, he has not published his quartz burning experiment 

results beyond the mention in the 2008 publication. Ballin’s experimentation with 

burning quartz suggested that burnt quartz is generally characterised by: “i) pitting and 

‘peeled-off’ surfaces, ii) a dull and opaque appearance (where fresh quartz tends to be 

clear and vitreous), iii) various degrees of ‘granulation’ and disintegration, and iv) 
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occasional areas with either a reddish or a pink hue”. Ballin suggested that burnt quartz 

can be identified on prehistoric artefacts, however not as easily as with flint.   

 

During the literature review of Irish quartz finds, only one reference was made to 

burnt quartz (in Dolan and Warren 2006). It was decided that this project would focus 

on experimenting with burnt quartz, as experimentation with heat treatment as well 

would be beyond the time available. While technically quartz cannot be burnt (Menuge 

2009a), this shorthand for fire altered or thermally altered is used here, as it has 

common currency in archaeological literature. The identification of burnt quartz can 

have implications for the identification of otherwise ‘invisible hearths’ (see Sergant et 

al. 2006), and other depositional traits. Sergant et al. (2006) devised an experiment to 

examine the identification of ‘invisible hearths’ on Mesolithic sites in Belgium. The 

experiments consisted of firstly depositing flint into a fire and then excavating the 

surrounding area to identify the extent to which artefacts were dispersed from the fire, 

as well as examining the fragmentation rate of the burnt artefacts. A second experiment 

left a trail of artefacts from the hearth, in order to examine at what point did signs of 

burning stop on artefacts; a third experiment placed smouldering charcoal over artefacts 

to see the effect of this type of lower heat burning. For the latter two experiments 

Sergant et al. (2006) commented that only at a high temperature (300 ºC) was heat 

damage on the flint noted, and that the smouldering charcoal had no effect as it was 

insufficiently hot. The temperature boundary for effective damage was “very abrupt: the 

critical point is probably in the order of less than 10 ºC because artefacts exposed to 

temperatures of 280-290 ºC do not show traces of heat damage” (Sergant et al. 2006, 

1001). 

 

Following from the results of Sergant et al., the present experiment on burnt quartz 

focused on placing artefacts directly into a fire and was not concerned with 

experimenting with lower temperatures. This involved burning with both green and 

dead wood; a series of quartz debitage and cores knapped from the four source materials 

from Belderrig mentioned previously was produced and artefacts chosen by seven size 

grades – ≥10<15mm, ≥15<20mm, ≥20<25mm, ≥25<30mm, ≥30<35mm, ≥35<40mm, 

and ≥40<50mm. The hearth was sieved using 5mm and 1mm sieves to retrieve the 

material. Due to time limitations, an excavation of the area around the hearth was 

impossible; instead a series of drop cloths covering 25m² were placed surrounding the 
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hearth in order to determine the extent of artefact dispersal from the fire. In order to 

prevent fire damage to the cloths, a layer of sand was placed surrounding the hearth, 

laying over the edges of the drop cloths. Samples of the burnt and unburnt debitage 

were thin sectioned by Dr. Julian Menuge for analysis. 

 

 

5.9  Case studies 
 

The analysis of the case studies used the same methodology set out for the 

experimental assemblage above, using the experimental datasets for comparative 

analysis. One notable difference in the analysis concerns sequential breaks and 

fragments which were identified during the experimental knapping but subsequently 

excluded from analysis of the case studies; Chapter 6 outlines these terms and the 

reasons for their eventual exclusion. The respective case study chapters outline the sites’ 

geological and palaeoenvironmental context, along with a description of the excavations 

and analysis of the assemblages.  

 

It should be noted at the outset that the two case study assemblages have 

substantially different contexts of artefact retrieval. The Belderrig component analysed 

was excavated from a small trench and consisted of a series of artefact scatters with few 

features noted, while the Thornhill assemblage came from a much greater excavated 

area, and consisted of numerous features such as pits, palisades, and buildings – while 

the Belderrig excavated are is interpreted as involving in situ knapping, no clear 

knapping floor was identified in the Thornhill assemblage.   

 

Throughout the analysis of the case study assemblages I have used the term 

‘community of practice’ sensu Dobres (2000), previously mentioned in Section 4.5 and 

Section 5.4. In lithic reports and writings based on them – and in almost all discourse 

concerning prehistoric technology (Dobres 2000, 40, 58, passim) – it is usual for the 

noun/pronoun to be omitted and for the passive tense to be used, such as in the 

following two examples: “chert and quartz working was being undertaken close to or at 

the Drummenny house, but flint knapping appeared to be carried out off-site” (Smyth 
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2006a, 158); “the pebbles were broken using direct percussion, whereby a pebble core was 

held in the hand and a series of flakes was struck from it using a hammerstone” (Milliken n.d.).  

 

The term ‘community of practice’ is therefore used to avoid this omission of the 

noun/pronoun from the analysis, and to firmly embed the prehistoric people under 

consideration within the discourse. In using ‘community of practice’, the implications 

are that technology is a verb – technology is enacted and practiced rather than 

possessed. This practice is by communities, highlighting that even if individuals are 

alone at work they are always part of a social grouping. Therefore the term stands for 

both an individual within a group and the group itself. This does not imply that a group 

is homogenous but simply that, as social beings, people are always situated within a 

community within which “they are woven into webs of pre-existing social and material 

conditions, rules, values, hierarchies of knowledge, demands, and expectations that 

together weave overarching structures, or forms of involvement…within which their 

making and use activities unfold” (Dobres 2000, 129).  

 

 

5.10 Conclusion 
 

This chapter began with a discussion of the embeddedness of the social sphere in the 

technical sphere, and I suggested that the position taken in this thesis is that any study of 

technology is a study of social beings and their relationships with other people and the 

world in which they dwell. The consequence of this perspective is that there is no social 

side to life to study, nor are they simply two sides of the same coin, but rather they 

dwell on the same plane – there is only a social reality, and, as Ingold  (2000, 195) has 

put it, “one of the outstanding features of technical practices lies in the embeddedness in 

the current of sociality”. The consequence of this approach is that there is a need to 

frame the question of sociality differently, rather than seeing it as an attribute added on, 

a particular realm divisible from the whole, a part of life’s machine. This thesis 

maintains that an approach founded on the exploring of the chaîne opératoires of lithic 

traditions can place emphasis on past practices, and technical choices; the emphasis on 

action allows for the interpretation of the archaeological record as a result of dynamism. 

The main thrust of this thesis is the experimental work which will develop an 

assemblage of worked quartz to understand the fracture mechanics involved as well as 
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the effects of burning, and to bring this understanding to interpret the archaeological 

assemblages. This series of experiments is highly artificial in that it is designed to tease 

out attributes that are apparent from differing knapping techniques; this will hopefully 

allow for an understanding of the resultant debitage in the archaeological record.   

 

This series of experiments is not an attempt to recreate a prehistoric technology; my 

reasons for working this material are fundamentally different than that of the prehistoric 

communities, as are my goals; my social reality both constrains and enables my routine 

of experimentation, as it also did in the past. Instead, the aim is to bring to the 

archaeological material a suite of analytical techniques with which to draw out an 

interpretation of the evidence, while taking care to be cognisant of the complexity of the 

archaeological record, in regards to complexity of the lives that created it, and the 

complexity of the process that have thence transformed it. This complexity is added to 

especially in consideration of the overwhelming fact that the lithic technology under 

scrutiny was but one small part of the prehistoric communities’ technical milieu which 

was comprised mostly of organic materials. 
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6 Experimental knapping experiments 
 

6.1 Introduction 
 

This chapter presents the experimental knapping experiments. Section 6.2 outlines 

the selection and collection of the raw materials used, and the results from the thin 

sectioning of the material. Section 6.3 outlines the experiments, with Section 6.3.1 

discussing the experiments’ organisation and recording; Section 6.3.2 describing the 

measurements, equipment, and sampling strategy used for the resultant assemblage; and 

definitions of the debitage categories discussed in Section 6.3.3. Section 6.4 presents the 

analysis of the experimental assemblage, with debitage covered in Section 6.4.1, 

looking at the debitage fragmentation rate, break and fragment types, complete and 

proximal flakes, debitage types, and lastly curvature, cortex, and flake termination. The 

cores are dealt with in Section 6.4.2. Section 6.5 concludes the chapter with a discussion 

and overview of the experiments and results. 

 

 

6.2 Collecting the materials and assessing the quartz 
 

As outlined in Section 1.2, this series of experiments has focused on vein quartz. 

The quartz used for the experiments was collected from Belderrig, Co. Mayo (Figure 

6-1 and Figure 6-2). The psammite quartz (hereafter P.Q.) was quarried from the quartz 

vein in the psammite bedrock cliff face just north of the excavation site, and also picked 

up from the base of the cliff where blocks of the vein had been eroded out (Figure 6-3). 

The metadolerite quartz (hereafter M.Q.) and the Rose Cottage quartz  (hereafter R.Q.) 

are both quartz veins associated with the metadolerite outcrops, with the M.Q. coming 

from the intertidal zone (Figure 6-4) and the R.Q. from a vein exposed from a cutaway 

bog 1km inland from the coast. The beach (hereafter B.Q.) cobbles used were a mix of 

quartz derived from the metadolerite and the psammite and were collected, along with 

the psammite hammerstones, from the stretch of shore by the river mouth. The 

psammite used for hammerstones is an impure quartzite (metamorphosed sandstone), 

and is therefore a ‘hard’ stone. 
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Over 100kg of quartz was collected and about 30kg was used to familiarise myself 

with knapping the material. Approximately 70kg of quartz was subsequently used for 

the 40 quartz knapping events. These 40 events produced an assemblage of over 14,000 

≥5mm experimental artefacts. The impactors used were a series of 14 psammite 

hammerstones, ranging from 124-627g, and a deer antler (Appendix A- 9). The chert 

used was a festooned chert collected from an outcrop at Lough Derraveragh (Figure 

6-1) in the vicinity of a Mesolithic quarry (Little 2005; O'Sullivan et al. 2007). This 

material was selected as festooned chert was also found at the Belderrig site during 

excavations and the site is a known Mesolithic quarry. 

 

Samples from the three different veins used and a beach cobble have been analysed 

macroscopically and in thin section by Dr Julian Menuge, School of Geological 

Sciences, UCD. The thin sections (Figure 6-5) show that the crystal size was 1-5mm 

making all of them coarse-grained raw materials and were variable in character in terms 

of crystal orientation and fracture development, but with all of them being of massive 

habit. The samples contained multiple macro- and micro-fractures, some of which led to 

the subsequent development of veinlets of quartz within them; a veinlet is visible in the 

P.Q. thin section as a dark line. The R.Q. quartz contained many micro-fractures of 

uncertain age (Menuge 2007 pers. comm.), which appear in the thin section as thin 

white streaks.  

 

When examining the quartz macroscopically, the large crystal size is not always 

apparent – while the quartz is defined as coarse-grained, the majority of it lacks the 

appearance of a sugary texture. Instead, the quartz appears as smooth-textured even 

though the thin sections clearly show the large individual crystal sizes, and the massive 

habit of the quartz. The material could easily be taken for finer-grained quartz, or indeed 

what Ballin has described as ‘milky quartz’. It is difficult to distinguish the grain/crystal 

boundaries from macro-fractures (Menuge 2007 pers. comm.). In some cases of the 

smooth-textured quartz, however, subtle lines of lamellar grain boundaries can be seen 

macroscopically, and take the appearance of a 3-D contour map of a hill or the terraces 

of rice paddies, with the grain boundaries lined up akin to the contour lines. 



109 

 

 
Figure 6-1 Raw material sources 
 

 
Figure 6-2 Quartz. Planes of weakness can be seen as flat surfaces on some blocks. Bottom right: psammite 
hammerstones 
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Figure 6-3 Facing northeast. Psammite outcrop.  
Inset: close up of quartz vein located at top of ranging rod in main picture  
 

 
Figure 6-4 Facing north. Metadolerite outcrop at low tide. Ranging rod at quartz vein. Inset: 
quartz vein. Psammite outcrops on cliff at right of picture 
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Figure 6-5 Quartz thin sections. Upper left: B.Q. Upper right: P.Q. Lower left: M.Q. Lower right: R.Q. 
Scale = 1mm (1000µm) 

 

 
Figure 6-6 Quartz texture. Left: M.Q.. Right: P.Q. 
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Figure 6-6 provides a comparison of the M.Q. and P.Q. using a backlight to view the 

grain texture; the P.Q. has a sugar texture, while the M.Q. has a smooth texture with 

multiple macrofractures, but both have similarly sized crystal grains. None of the M.Q. 

or R.Q. used had a sugar texture, while the P.Q. ranged from sugar to smooth, with the 

majority being sugar; a third of the B.Q. used had a sugar texture. 

 

As noted in Chapter 4 and above, researchers have categorised vein quartz in a 

number of ways, and it is difficult to place the Belderrig quartz into their categories, 

apart from de Lombera Hermida’s (2009), which divides quartz into four categories 

depending on absence or presence of grain and plane. Using his categories, all the 

Belderrig quartz used in the experiments are grain/plane – or S/S as he abbreviates it. 

Compared to Ballin’s (2008) descriptions of quartz, the Belderrig material cannot easily 

fit. Ballin made a distinction between massive, milky quartz – which he described as the 

predominant quartz used in Scottish prehistory – and fine- and coarse-grained quartz. 

However, the Belderrig quartz is both massive, milky quartz and clearly coarse-grained, 

even though the graininess is often invisible, thus taking the appearance of a lack of 

grain. The thin sections, therefore, have highlighted the dangers of using macroscopic 

identification to interpret crystal/grain size and therefore through thin section it is 

possible that, for example, some of Ballin’s ‘milky quartz’ would be found to be in fact 

coarse-grained and of massive habit. 

 

 

6.3 The experiments 

6.3.1 Recording the knapping events 
 

The experiments were structured by defining each knapping of a block or cobble as 

an event (Appendix B- 1). Hence, the experiments consisted of 40 events plus one extra 

for the chert event; Appendix A- 10 lists the weights of the raw material used for the 

different techniques – bipolar, hard hammer direct (H.H.D.) and soft hammer direct 

(S.H.D.). An event began with a block or cobble and this was knapped until no more 

usable flakes could be removed; for some events an event also used a secondary core 

called a child core that had been produced during the event – this child core was derived 

from either the block or cobble splitting or a removal of a large flake during the 
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knapping event. The debitage was recorded as to what core – the initial or child core – it 

was removed from. Of the 32 direct percussion events, 34% produced split cores and an 

additional 28% produced large flakes; some of these split cores and large flakes were 

subsequently used as child cores mentioned above. While it is noted in the literature 

(e.g. Callahan 1987; Knutsson 1988a) that cores were worked by both platform 

percussion and bipolar, this type of combination of reduction strategies was not done in 

these experiments. 

 

The aim of the knapping was to reduce the core until no more flakes could be 

removed – this was due to either the cores’ small size or lack of good angles for further 

flaking. For the direct percussion the aim was to produce medium-sized flakes (defined 

here as flakes 30-90mm in length); for the bipolar percussion the aim was to produce 

small flakes (defined here as flakes 10-29.9mm in length). On some occasions the 

quartz proved difficult to knap and the cores were left quite big; in these instances – as 

long as the event had already produced enough flakes – I did not attempt to reduce 

every core to a small size.  

 

The knapping was conducted in a large room, with a floor space of c. 40m² covered 

with two drop cloths. The initial recording strategy was to collect and bag each strike’s 

debitage of ≥10mm together in order to observe the fracture properties per strike and to 

allow for rapid conjoining to assess the fracture patterns. The bags were numbered, 

allowing the sequence of strikes to be noted and for sampling; each fragment in a bag 

was also given a number. (Using Appendix B- 2 as an example, the ‘32’ signifies that 

this was the 32nd strike with four fragments in the bag, numbered 32-1 to 32-4). An 

event’s technical procedures such as core trimming or core tapping (to loosen incipient 

fractures common with quartz knapping) were also bagged per technical procedure.  

 

To an extent this collecting per strike was achieved but many smaller pieces, i.e. 

<20≥10mm, were not collected per strike because it proved too time consuming to 

collect each fragment. Consequently a lot of pieces were left on the drop cloth and bulk 

bagged at the end of each event. For the bipolar technique’s eight events the recording 

was different because the process of bipolar knapping invariably produces a series of 

child cores and debitage; for these events the cores and debitage were not bagged per 

strike but instead were bulk bagged per event. 
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6.3.2 Sampling strategy 
 

The experimental assemblage produced over 14,000 ≥5mm artefacts and for full 

analysis the assemblage was sampled at a rate of at least 20%; all the sampling was 

conducted using the SPSS 15.0 (2006b) random number generator. The cores from the 

direct percussion technique events were not sampled but instead all were analysed. The 

direct percussion component was sampled by the individually bagged strike piles and 

not by the amount of debitage in each pile, i.e. if a knapping event had 10 strikes, two 

strike piles were sampled no matter how many pieces of debitage were contained within 

each strike pile. In order to avoid a bias in earlier or later phase strikes being analysed, 

the strikes were divided into three arbitrary phases – a beginning, middle, and end – and 

then sampled at 20% for each phase. A second consideration was that in one event a 

large piece of debitage or a core split – the child cores discussed above – was sometimes 

returned to and used in the same event; in these cases, the same sampling strategy of 

dividing the piles into three phases and sampling at least 20% was followed for the child 

core as well, and it was recorded that a core and debitage derived from the child core. 

For the strike bags that arose from the technical procedures or tapping or trimming, 

these were excluded from the sampling of the debitage in order to focus on the attributes 

of the flakes produced alone. 

 

Because the amount of strikes would not always be conveniently divisible, a 

minimum sampling rate of 20% was applied (Table 6-1). The bulk collected debitage 

(i.e. that could not be assigned to an individual strike) was first divided into groups of 

≥20mm, <20≥10mm, <10≥5mm, <5≥1mm, and <1mm and all were ≥20% sampled. The 

<5mm and <1mm debitage were defined by using 5mm and 1mm calibrated sieves. (Of 

course, the use of a 5mm sieve entailed that some pieces that were greater in length than 

5mm would pass through it, as long as their width or thickness were <5mm.)  

 
Sample group Sample rate 

Mean (%) 
Sample rate 
range (%) 

Strike pile bags 21.10 20-25 

Bulk Debitage ≥20mm 

Bulk Debitage <20mm 

29.70 

20.53 

20-100 

20-23.5 

Bipolar 20.25 20-20.4 

Bipolar <10mm 21.86 20-23.1 

Table 6-1 Sample rates and ranges 
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In order to avoid a size bias in the sampling of the <20 mm debitage, they were 

divided into 10 piles (also in a manner to avoid size bias) and using the SPSS random 

number generator two of these groups were selected for analysis giving the 20% sample 

rate. For the bulk collected ≥20mm debitage these were then recorded individually at 

the 20% sample rate as were the <20≥10mm flakes; any <20≥10mm debris was bulk 

recorded (Table 6-2). Because of the small amount of bulk bagged ≥20mm pieces per 

event, Table 6-1 shows that a greater amount of these were invariably sampled – for two 

events this was 100% sampling as only one piece per event was there. For the bipolar 

knapping events, all ≥10mm cores and debitage were laid out in rows of 20 and random 

sampled at a rate of at least 20%. The same recording procedure was then followed as 

outlined in Table 6-2.  

 
Size Category  Debitage recording  

≥20mm Debitage Full recording 

<20≥10mm Debris Counted and bulk recorded 

<10≥5mm Debitage Counted and bulk recorded 

<5≥1mm Debitage Weighed 

<1mm Debitage Weighed 

Table 6-2 Debitage recording 
 

 

6.3.3 Debitage categories 
 

For the experimental assemblage the fragments were classified as detailed in Figure 

6-7. This allowed a given artefact to be classified into a myriad of permutations of 

fragment plus an additional class for cases where a flake fractured sequentially – a 

sequential fracture occurred when a fragment was removed from either the dorsal or 

ventral face of the debitage. This sequential fracture sometimes occurred when a 

fracture had been initiated from a previous strike and subsequently the second strike 

removed the main flake and the previous incipient flake. Also, the use of the bipolar 

technique in a sense produces sequential fragments because a single strike will result in 

a number of flakes. The category of sequential was used to classify both a fragment and 

a break. A minor amount (< 1%) of the breaks were difficult to categorise and were 

labelled ‘?’. 26 permutations of fragment classes were noted and subsequently grouped 

into five fragment groups – proximal, mesial, distal, lateral, and sequential (Appendix 

A- 11 and Appendix A- 12). For example, if a flake was a distal right missing this 
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became a proximal as it retained a platform; if a flake was a proximal right missing it 

became a proximal as it also retained a (partial) platform; a distal missing became a 

proximal and vice versa.  

 

Five categories were used for debitage breaks – siret, uneven, clean, crystal plane, 

and sequential; the uneven category includes languette breaks (Figure 6-7). Crystal 

plane breaks are where breaks form along crystal planes creating a clean, smooth break 

surface. Because of the multiple fracture patterns of the quartz, two longitudinal and 

two transverse breaks were noted per artefact – diagonal breaks were treated as 

longitudinal. While some researchers (e.g. Odell 1989, 192; Redman 1998, 38) define a 

flake with a step termination as a flake fragment, these have been included here as 

complete flakes (11.4% (n=19) of complete flakes had step terminations).  

 

 
Figure 6-7 Debitage fragment classes and breaks. Example for fragments: an artefact may be a 
‘distal right’ if the only piece is from the distal right quadrant, while it may be a ‘distal right 
missing’ if the missing fragment is the distal right quadrant 
 

Theoretically, none of the ≥10mm platform debitage produced during the 

experiments should be classified as debris because with the aid of conjoining of the 

≥10mm debitage bagged per strike, all of the artefacts can be shown to be the result of a 

certain manufacture technique. In practice, however, this did not occur for three 

reasons: 
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1. As mentioned in Section 6.3.1, much of the ≥10mm debitage was not collected 

per strike and no attempts were made to place the bulk collected material into 

their respective strike piles.  

2. Not all of the pieces that were collected in a single strike pile were able to be 

conjoined and remained ‘floating fragments’ which could either be classified as 

a flake fragment if they had diagnostic attributes or, as was more usually the 

case, classified as debris. 

3. For some of the successfully conjoined flake fragments, they nevertheless 

appeared as debris when analysed without their conjoin siblings. In other words, 

only when conjoined was it recognisable that they were indeed flake fragments. 

 

The non-conjoinable ‘floating fragments’, and the ‘conjoinable debris’ fragments, 

therefore, needed two entries in the database to record what was known about them and 

what was perceived about them. Therefore, for the category of debitage class, the 

artefacts’ class was recorded in two columns – the first column called ‘(A) Class’ 

recorded its ‘actual class’ while the second column called ‘(P) Class’ recorded its 

‘perceived class’; this was also done for the artefacts’ categories of type and fragment 

(Appendix A- 11 and Appendix A- 12). In the following analysis, both the (A) and (P) 

categories are used for comparative analysis. 

 

The <10mm debitage was not classified as flake fragments, instead these pieces 

were classified as debris. While this categorisation will inevitably miss some small flake 

fragments, this system attempted to strike a balance between a thorough analysis and 

limited time period with which to analyse an assemblage; these small fragments are the 

hardest – and most time consuming – to identify flake attributes on, therefore the time 

spent on classifying these small pieces can often be of limited value.  

 

However, as noted in Section 5.6, the <10≥5mm debitage (and all debris) was 

subdivided into debris and slivers: ≥3mm thick were debris, while <3mm thick were 

slivers; the 3mm size was chosen after experimentation showed that this size appeared 

to create a meaningful division. The use of the term ‘chunk’ has been used by various 

analysts to describe what is otherwise termed debris (see Section 5.4). As Ballin (2000, 

10) pointed out, using the term chunk in this way will inevitably include pieces that are 

not sensu stricto chunky, with a chunk generally being defined as a thick piece (Chunk 
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2009). While in agreement with Ballin that such a term should be reserved for pieces 

that are ‘chunky’ – i.e. thick – the consequence of this is that one needs to quantify the 

thickness of a piece. Therefore, at least two dimensions must be measured for each 

artefact, with a certain ratio of width/thickness, if not length/width/thickness, designated 

as a cut-off point for determining what ‘thick’ is, and the thinner pieces called 

something else other than ’chunk’ – because there must be some point at which a piece 

is not ‘thick’ any more. While this analysis set out to be thorough, a balance had to be 

struck with the input of time and the resultant outcome. Consequently, it was decided 

that pieces <10mm would not be measured for length/width/thickness, but instead 

would be categorised as debris once they were determined to be <10mm using a piece 

of paper with a series of measured circles allowing for rapid size sorting; for 

<20≥10mm pieces that were categorised as debris, these were also not measured for 

length/width/thickness. Therefore, these pieces were categorised in terms of a minimum 

and maximum dimension which allowed for rapid measuring but entailed that a 

width/thickness ratio could not be computed for each artefact and consequently could 

not be designated a certain ratio of thickness with which to define as a chunk. However, 

the subdivision of the artefacts into slivers and non-slivers could be done rapidly by 

setting a callipers to 3mm, with those that passed through the gap defined as slivers, no 

matter what the width/thickness ratio was. 
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6.4 Analysis 

6.4.1 Debitage 

6.4.1.1 Fragmentation rate 
 

Two blocks/cobbles of each quartz source material were used for each technique and 

support variable, with the one chert block used for H.H.D. (Appendix A- 10). The 20% 

sample of the quartz component of the assemblage produced 2760 ≥5mm debitage; a 

quarter was in the 5-10mm range, a third was debris >10mm, with the rest being flakes; 

no count was taken of the <5mm debitage. The total weight of the sampled debitage was 

11.2kg, with the <10mm debitage accounting for 7.8% of the total weight and the 

majority of this being <5≥1mm (Table 6-3). 

 
(P) Class 
Debitage Flake Debris  

≥10mm 
Debris  

<10≥5mm 
Debris  

<5≥1mm 
Debris 
<1mm Total 

Count 1139 935 686 N/A N/A 2760 

% count 41.3% 33.8% 24.9% N/A N/A 100.0% 

Weight (g) 9727.5 627.4 183.7 477.6 221.9 11238.1 

% weight 86.6% 5.6% 1.6% 4.3% 1.9% 100.0% 

Table 6-3 20% quartz sample – (P) Class debitage count and weight 
 

Figure 6-8 compares the average ≥10mm fragment per strike rate for H.H.D. and 

S.H.D., both including and excluding complete flakes. (This was tallied by dividing the 

quantity of ≥10mm debitage by the number of strikes; excluding the complete flakes 

was tallied by dividing the debitage by the amount of strikes, minus the complete flakes 

and minus the strikes that produced a complete flake.) The chert fragment rate was just 

1.2 fragments per strike with the overall quartz average at 5.4 fragments per strike. 

Excluding the complete flakes, the average for chert is 2 per strike and 6.6 per strike for 

the quartz; the quartz fragment rate excluding complete flakes ranged from 3.6 to 14 

fragments per strike. This chart shows clearly the significantly different fragmentation 

patterning between the chert and quartz. In general the P.Q. (the grainier, more sugary-

textured) produced the least amount of fragments and the S.H.D. Inelastic generally 

produced less fragments across the material source range except for the P.Q. where the 

H.H.D. Inelastic produced less. 
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Figure 6-8 Direct percussion. ≥10mm debitage per strike including and excluding complete flakes. 
Chert knapped with H.H.D. Elastic only 

 

 

6.4.1.2 Break and fragment types 
 

In the last section we saw that for the direct percussion component of quartz the 

≥10mm fragment rate per strike ranged from 3.6 to 14 fragments. Up to four breaks 

were noted per debitage, two longitudinal and two transverse, with diagonal breaks 

categorised as longitudinal. The breaks were noted as a primary and secondary 

longitudinal break and primary and secondary transverse flake; the primary and 

secondary flake was assigned by size, with the greater break being the primary. While 

clean breaks and crystal plane breaks were initially recorded separately, for analysis 

these were grouped together because few crystal plane breaks were noted, and these 

were inevitably clean breaks. For the direct percussion’s primary break (n=1174), siret 

breaks accounted for 21.6%, sequential for 34%, uneven for 38.4%, clean or crystal 

plane for 2.5%, and uncertain breaks for 3.5%. If the secondary break on the same axis 

was different from the primary, this was recorded – i.e. if a siret break also had an 

uneven longitudinal break. 20% (n=228) has different secondary breaks. For the siret 
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with a different secondary break (n=140), 59.3% of the secondary breaks were uneven, 

37.9% were sequential and 2.9% were crystal plane.  

 

Appendix A- 13 lists the primary longitudinal and transverse breaks, with the 

sequential breaks grouped with uneven breaks. The bipolar technique is clearly 

dominant in terms of complete flakes and transverse only uneven breaks, and with 

lesser proportions of longitudinal or transverse clean breaks than with direct percussion. 

Figure 6-9 provides the break types (excluding ‘?/?’, i.e. uncertain types) with 

sequential, uneven, and clean breaks grouped. The significant difference with the 

bipolar debitage is clear, with a/breaks (transverse-only breaks) dominating followed by 

siret/a breaks (siret/no transverse break). S.H.D. Inelastic produced a greater proportion 

of a/breaks (transverse only breaks) than the other direct percussion, with hard hammer 

and bipolar producing more siret breaks than soft hammer. Because the break categories 

and grouped break categories proved unwieldy for statistical analysis, the breaks were 

subsequently categorised into siret and non-siret breaks to ascertain the effect of the 

source materials and technique/supports on the occurrence of siret breaks (Figure 6-10).  

 

The first analysis of the siret breaks, using GZLM, examined the techniques and 

source materials with S.H.D. and R.Q. as the reference categories. The difference in 

siret proportions was significant for technique, with bipolar and H.H.D. having on 

average almost twice the proportion of siret breaks than S.H.D.; neither the source nor 

the interaction of source and technique were significant (Table 6-4 and Appendix A- 

14). While the B.Q. produced a much lower proportion of siret breaks for bipolar, it 

conversely produced a much higher proportion for S.H.D. than the other materials.  

 
Tests of Model Effects 
  χ² df p 
(Intercept) 184.091 1 0.000 

Technique 23.988 2 0.000 

Source 0.881 3 0.830 

Technique * Source 2.565 6 0.861 

Table 6-4 GZLM. Dependent Variable: Siret/non-siret. Model: (Intercept), Technique, Source, 
Technique*Source. Reference categories: S.H.D. and R.Q. 
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Figure 6-9 Break type proportions (excluding ?/?) for technique/support 
 

 
Figure 6-10 Siret break proportions. Technique/support and source 

 

The second analysis included the support variable, with S.H.D. Inelastic and R.Q. as 

the reference categories. While technique/support was significant, and source was not 

significant, in the proportions of siret breaks, the interaction of the two variables proved 

to be significant (Table 6-5 and Appendix A- 15). Appendix A- 15 provides the 

parameter estimates for the variables; compared to S.H.D. Inelastic, the proportions of 

siret breaks from both bipolar and H.H.D. Elastic were significantly different, but not 

from S.H.D. Elastic or from H.H.D. Inelastic. In terms of the source materials’ 
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interactions with technique/support, compared to R.Q., the B.Q.’s siret proportions 

proved significantly different for H.H.D. Elastic and S.H.D. Elastic, but a weaker 

significance for the latter. For H.H.D. Inelastic, a significant difference was between the 

M.Q. and R.Q. 

 
Tests of Model Effects 

  χ² df p 

(Intercept) 244.403 1 0.000 

Technique/Support 34.075 4 0.000 

Source 2.293 3 0.514 

Technique/Support * Source 36.115 12 0.000 

Table 6-5 GZLM. Dependent Variable: Siret/non-siret. Model: (Intercept), Technique/Support, 
Source, Technique/Support*Source. Reference categories: S.H.D. Inelastic and R.Q. 
 

The proportions of siret breaks, therefore, occur more generally with hard hammer 

and bipolar than with soft hammer. However, the support used has an effect; when an 

anvil is used the occurrence of siret breaks is diminished for both hard hammer and soft 

hammer. The effect of the materials is less clear-cut, with the B.Q. both increasing and 

decreasing the likelihood of siret breaks. 

 

In terms of the fragment types, the clearest difference between the techniques was 

the lateral fragments which are related to siret breaks – the majority of lateral fragments 

result from a siret break; occasionally, a lateral fragment will be formed by a fracture 

away from the impact point. S.H.D. produced less lateral fragments than the H.H.D. and 

bipolar (Appendix A- 16). The bipolar technique produced the greatest proportion of 

complete flakes at 26.9% of the debitage; for H.H.D. and S.H.D., complete flakes 

ranged from 4.1% to 8.2% of the debitage. Appendix A- 16 and Appendix A- 17 

compare the two categories given for each artefact in terms of their (A) Class and (P) 

Class as outlined in Section 6.3.3. For H.H.D. and S.H.D. 70% of the (A) Class 

sequential flakes were categorised as (P) Class debris, as were 36% of the mesial flakes 

and 16% of the distal flakes; less than 1% of the proximal or lateral fragments were 

considered (P) Class debris. These few flakes with partial platforms that were 

designated as (P) Class debris were indistinguishable because the partial platform was 

devoid of impact marks or fissures. As the bipolar debitage were not bagged per strike, 

it was difficult to designate them as being sequential, hence the apparent lack of 

sequential fragments; also the bipolar flakes have a high proportion of ‘fragments’ – 

these were fragments that were probably mesial or sequential fragments that were 
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uncertain, but not initially categorised as debris; for the (P) Class these were 

subsequently categorised as debris. Therefore, by far the most problematical artefacts 

for identification are sequential fragments followed by mesial fragments. 

 

Appendix B- 2 shows a fragmented H.H.D. flake, E1-32, detailing the fragments on 

the left and the re-conjoined flake on the right. 32-1 is a sequential fragment from the 

dorsal surface which lay over the two siret break fragments. 32-2, 32-3, and 32-4 are 

siret breaks, with 32-3 and 32-4 also having uneven breaks. The sequential fracture here 

occurred presumably from an incipient fracture formed from a previous strike; the 

sequential fragment lay over the zone of the siret break, but did not split in two, but 

instead popped off with a siret break snapping it in two. Appendix B- 3 shows a 

fragmented H.H.D. flake, number E1-45, showing the lateral left fragment’s siret break; 

the centre and right hand of the image shows the lateral left fragment re-conjoined with 

the lateral right fragment. 

 

Appendix B- 4 is a fragmented S.H.D. flake, number E1-12-10, detailing the 

fragments on the right and bottom left, with the re-conjoined flake on the upper left. 

This fracturing followed a pattern of a pair of sequential breaks of overlapping lateral 

fragments – E1-12-10-1 contained the impact point on the platform. This pair of 

overlapping sequential flakes fractured along a similar fracture line and then also broke 

transversely. The transverse break was an uneven break and the exact conjoin fit was 

impossible as the transverse conjoin zone fragmented into multiple <10mm fragments, 

resulting in a gap in the image of the four re-conjoined flakes. 

 

 

6.4.1.3 Complete and proximal flakes 
 

Complete and proximal flakes are generally seen as flakes which retain the most 

information for lithic analysis. In Knutsson’s (1988a, 91) quartz experiments, he noted 

that “irrespective of reduction strategy, diagnostic flakes, that is flakes with a preserved 

striking area, account for approximately 16-19% of the total number of flakes on a 

‘fresh’ quartz knapping floor”. It is unclear whether his ‘total flake’ count includes what 

is categorised here as debris, and also whether Knutsson means both complete platform 

and partial platforms when calling it a ‘preserved striking area’ as both could apply. 
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For this experiment series, 11.7% (n=133) of the flakes were complete and 35% of 

the ≥10mm debitage had complete or partial platforms, with 12% having complete 

platforms which somewhat corresponds to Knutsson’s range of 16-19%, albeit quite 

lower than his range. Unlike Knutsson’s results however, there was a significant 

difference between the bipolar and direct percussion techniques; as least twice as much 

bipolar debitage retained a complete or partial platform (Table 6-6). This does not 

correspond with Knutsson’s research, but he does not state what size of ‘flakes’ he 

included in the tally and he may have counted bipolar debitage <10mm that was not 

counted here which may explain the significant discrepancy.  

 

Platform 
Bipolar  
(n-193)  

(%) 

H.H.D.  
Elastic 
(n=401)  

(%) 

H.H.D.  
Inelastic 
(n=604)  

(%) 

S.H.D.  
Elastic 
(n=430)  

(%) 

S.H.D.  
Inelastic 
(n-446)  

(%) 

Total  
(n=2074)  

(%) 

Absent 31.1 65.3 67.5 71.6 67.9 64.7 

Present, complete 42.5 6.5 9.1 7.4 13.7 12.3 

Present, fragment 26.4 28.2 23.3 20.9 18.4 23 
Table 6-6 Absent/present platform on all ≥10mm quartz debitage  

 

Morphologically, the quartz direct percussion platforms can often take the same 

form as the chert comparison assemblage – having a convex ventral platform edge. 

Appendix B- 5, Appendix B- 6, and Appendix B- 7 give eight examples of 

characteristic platforms and one characteristic pseudo-platform. These three figures do 

not follow typical conventions for lithics (see Martingell and Saville 1988) as they are 

aimed specifically at certain characteristics, and therefore are presented ‘upside-down’ 

(or more specifically ‘upside-up’ to how it’s knapped) and angled to show the platform 

in plan and in perspective to the ventral/dorsal surface. 

 

E1-4-37 (Appendix B- 5, bottom right) is a typical direct percussion platform with a 

convex platform edge and the impact point on the edge. The impact point is a distinctive 

whitened area, formed from the multiple fractures at the impact point partially filling 

with quartz dust and the micro- and macro-fracturing leading to an increased opacity; 

this distinctive, whitened impact area can also form on the core from which the flake is 

detached; this can be seen on the E1-4-37’s platform dorsal face, formed from the 

previous flake removal. (Often, however, the impact point is not on the ventral platform 

edge, resulting in no whitened area on the core). The fractures at the impact point zone 

are partially made up of radial fissures. Along with the radial fissures, transverse 

platform fissures can form just below the impact point; if these fissures fracture 
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completely, step fractures form on the platform. This flake also exhibits edge damage 

formed during flake formation – here, a fracture is formed running from the number ‘3’ 

on the image, diagonally up to a few mm below the right side of the platform, to the 

point where a slight indentation can be seen. This type of edge damage and fracture 

formed during flake formation is common, and the fracture can lead to the flake 

fragmenting completely rather than just an incipient fragment as in this example. This 

type of flake formation edge damage can be difficult to discern from edge damage 

created during subsequent use or post-deposition. Moreover, this fracture inevitably 

leads to a plane of weakness whereby the flake will more easily snap during use or post-

deposition.  

 

E1-3-9-1 (Appendix B- 6, left) is an example of a characteristic triangular-shaped 

fracture. The apex of the triangle is at the point of impact; the fracture lines are visible 

on the platform and the ventral surface, continuing down to the flake’s distal end; a 

second, subtler, triangular fracture occurs on the dorsal side of the impact point, also 

radiating from the impact point. In some cases these incipient triangular fractures are 

completed, whereby the platform fragments, leaving a distinct triangular-shaped 

platform ventral edge, as in the example E1-29-16 (Appendix B- 5, top left); here the 

impact point has been crushed, with the distinctive triangular edges angled towards the 

dorsal face. E1-37-17 (Appendix B- 7, right) provides an example of a morphologically 

similar triangular platform created using a bipolar technique. While many platforms 

have the triangular form with a reasonably sharp apex, in other cases the triangle’s apex 

is more rounded, appearing as a convex fracture; if this type fragments, the fragment 

inevitably appears as a convex fragment. 

 

E1-6-29 (Appendix B- 6, right) is an example of a sequential break where the 

platform fractured in two, in effect creating two substantial flakes, with most of the 

impact point absent due to shattering (a small gap in the conjoined flake, representing 

the collapsed impact point, is somewhat visible in the image). The sequential break’s 

fracture line has been darkened in the image for clarity, with the two separated conjoins 

at the bottom of the image. The aim for this flake removal had been for the flake to 

detach at the point of impact, resulting in the first of the two flakes, but the flake 

formation continued along a plane of weakness further in towards the core resulting in 

the second, even bigger, flake also being detached at the same time. The resultant flake 
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fragments could easily be interpreted as two separate, complete flakes with complete 

platforms.  

 

The pseudo-platform on E1-15-4 (Appendix B- 5, bottom left) is another example of 

misleading flake morphology. Here, a distal fragment has edge damage created during 

flake formation, with the flake fracturing transversely; this formation is similar to that 

discussed in relation to E1-4-37 above. This fracturing created a distal fragment whose 

proximal end is an apparent ‘platform’ with an apparent ‘impact point’ on the edge; the 

‘impact point’ has a characteristic fracture running to the dorsal face and has radial 

fissures. This distal fragment could easily be identified as a complete flake with flat 

platform and impact point on edge.  

 

E1-40-42 (Appendix B- 5, top right) is an example of a soft hammer impact mark. 

The soft hammer created a small, compact impact mark with less crushing and radial 

fissures, and with a diffuse bulb. These bulbar ventral surfaces were uncommon with 

quartz, with more occurring on B.Q. than other materials and also more occurring while 

using a soft hammer than hard (see below p. 128). 

 

Looking at the bipolar platforms, a characteristic feature is that they tend to be 

rounded, with the steeper side of the roundedness on the ventral face. A common feature 

is for the platform angle to be reversed compared to direct percussion debitage – E1-22-

21 and E1-37-24 (Appendix B- 7, left and centre) both show the platform angles 

dipping towards the dorsal face. E1-22-21 is a complete flake with the impact point at 

the edge of the flake, with the remaining platform appearing flat; E1-37-24 is a siret 

break. As mentioned, E1-37-17 is a fragmented platform that is morphologically more 

similar to a direct percussion strike. 

 

In addition to the impact points, radial and transverse fissures on platforms, and the 

edge damage marks noted above, non-proximal radial fissures are a consistent pattern 

on the quartz. However, these fissures occur regularly on non-knapped quartz and 

therefore are not by themselves indicative of knapped quartz.  

 

The images highlight that the impact point on quartz flakes is generally well defined 

as a whitened area of multiple fractures, often with radial and transverse fissures. 
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Nevertheless, the impact point is not always clearly visible and can be a more 

ephemeral marking than the examples provided, and in some cases not visible at all. 

While the vast majority of the complete hard hammer and bipolar flakes retained a 

visible impact point, with all materials equal in their proportions, the soft hammer had a 

significantly lesser proportion (Table 6-7). The lack of a whitened area with some of the 

soft hammer platforms is a result of a lack of micro-fractures and macro-fractures 

forming. 

 
Technique Impact point 

 Present Absent Total Present Absent 

 Count Count Count % % 

Bipolar 51 2 53 96.2 3.8 

H.H.D. 44 2 46 95.7 4.3 

S.H.D. 26 7 33 78.8 21.2 

Total 121 11 132 91.7 8.3 

Table 6-7 Impact point presence on complete flakes 
 

For the direct percussion debitage, the partial platforms were recorded as either 

fragments or collapsed. Platform collapse is defined as the platform collapsing at the 

point of impact, and platform fragment when the platform fractured away from the point 

of impact; siret platforms are not treated as platform collapse, as these are splits rather 

than collapse, although some present as collapsed at the split. There were 173 debitage 

with complete platforms and 420 with partial platforms (Table 6-8).  

 

Platform fragment H.H.D. 
Elastic 

H.H.D. 
Inelastic 

S.H.D. 
Elastic 

S.H.D. 
Inelastic Total 

Count Count Count Count Count 
Non-siret fragment 34 47 41 39 161 
Siret fragment 68 78 45 27 218 
Collapsed 9 15 2 15 41 
Total 111 140 88 81 420 

% % % % % 
Non-siret fragment 30.63 33.57 46.59 48.15 38.33 
Siret fragment 61.26 55.70 51.14 33.33 51.91 
Collapsed 8.10 10.71 2.27 18.52 9.76 
Table 6-8 Platform fragment types. Direct percussion 

 

Statistical analysis comparing the proportions of platform collapse for 

technique/support with source material proved not to be testable; therefore analysis was 

conducted on technique and source. Using GZLM, with S.H.D. and R.Q. as the 

reference categories, there was no significant difference for collapse proportions for 

technique, source, nor for the interaction of technique and source (Appendix A- 18). 
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However, when compared with support (Table 6-9), with Inelastic as the reference 

category, the difference is collapse proportions was significant (Appendix A- 19), with 

Elastic support having significantly less platform collapses than Inelastic. The analysis 

was conducted a second time excluding siret break, i.e. comparing non-siret platform 

fragments to collapsed platforms. For these, the difference between supports was also 

significant (Appendix A- 20). 

 
Platform fragment Support 

Elastic Inelastic Elastic Inelastic 
Count Count % % 

Siret fragment 113 105 56.78 47.51 
Non-siret fragment 75 86 37.69 38.91 
Collapsed 11 30 5.53 13.58 
Total 199 221 100.00 100.00 
Table 6-9 Platform fragment types. Direct percussion support 

 
Conchoidal fracturing is considered a key fracture type of humanly struck lithics, 

with the resultant bulbs and compression rings the obvious signature marks. As noted in 

the previous chapter (Section 5.6), however, bending fractures also play a key role 

especially when using soft hammers. For vein quartz, a significant part of the fracture 

initiation stems from fracture planes already in existence in the raw material; this is 

especially the case in coarse-grained quartz such as that used in these experiments, 

which contained numerous major and minor fractures.  

 
While compression rings were looked for, just two flakes had visible compression 

rings. Both were R.Q. and were produced by both soft and hard hammer; all but one of 

the chert flakes had compression rings. The analysis therefore focused on bulbs. Table 

6-10 lists the percentage of complete and proximal quartz flakes that exhibited bulbs. 

The bipolar flakes are excluded as just one bipolar flake had a bulb. Overall 5% (n=31) 

had visible bulbs; for the chert, which is not listed in the table, 88% (n=16) had visible 

bulbs. Analysis was conducted with GZLM, with chert as the reference category. The 

difference between the bulb presence on chert and quartz was significant (Appendix A- 

21). Looking at the quartz alone, while bulbs occurred more frequently with S.H.D. and 

B.Q., there was no significant difference for the materials, techniques, nor interaction of 

the two for the proportions of bulb presence (Appendix A- 22). 
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Source Bulb 

H.H.D.  
Elastic 

(n= 139) 
(%) 

H.H.D.  
Inelastic 
(n=196) 

(%) 

S.H.D.  
Elastic 
(n=122) 

(%) 

S.H.D.  
Inelastic 
(n=143) 

(%) 

Total 
(n=600) 

(%) 

Beach Present 6.3 12.5 10.0 9.4 9.2 

Metadolerite Present 6.5 - 11.6 - 4.1 

Psammite Present 6.5 - 7.7 - 2.9 

Rose Cottage Present 3.3 6.3 4.7 7.9 5.7 

Table 6-10 Presence of bulb – complete and proximal quartz flakes 
 

This lack of visible bulbs, however, does not imply that only 5% of the quartz 

initiation fractures were conchoidal, but rather, that the visible characteristics of 

conchoidal fracturing are less apparent on the quartz. This was especially the case for 

compression rings, which were not apparent at all. This suggests that while conchoidal 

fracturing is an important signature to look for in a quartz assemblage, low numbers are 

to be expected. While at a micro-scale, the quartz crystals fracture conchoidally, in the 

aggregation of crystals in the xenomorphic quartz a clear fractal pattern does not occur 

as with cryptocrystalline quartz. On many artefacts, the debitage fractured away from 

the point of impact as happens with bending fractures; but often this is the result of an 

already existent fracture plane or plane of weakness in the material, rather than an 

example of a bending fracture in cryptocrystalline materials as described by Cotterell 

and Kamminga (1987).   

 

As noted, the aim for the direct percussion was to produce medium-sized flakes, 

defined here as flakes with a length range of 30-90mm. Figure 6-11 and Figure 6-12 

compare the 26 complete chert and quartz H.H.D. Elastic flakes. The mean length of the 

chert flakes was 50mm, with the mean length for the quartz flakes similar to the mean 

chert flakes’ width; on average, the quartz flakes have a length/width ratio of 1:1; while 

of lesser length and weight than the chert, the quartz flakes were thicker (Appendix A- 

23). The chert and quartz flakes were compared using ANOVA. The differences 

between the chert and quartz flakes’ length, and the ratios of length/width and 

length/thickness, were significant, while differences for the remaining variables were 

not significant (Appendix A- 24). Figure 6-13, Figure 6-14, Appendix A- 25, and 

Appendix A- 26 compare the complete quartz flakes by material and technique/support. 

Overall, S.H.D., and especially S.H.D. Elastic, produced bigger, thicker flakes with a 

greater length/width ratio. Few flakes had a length/width ratio of 2:1 or greater. The 

S.H.D. flakes’ length range is the greatest and overall P.Q. gave the smallest length 

range (Figure 6-14). That the S.H.D. produced the bigger, thicker flakes goes against 
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the usual perception that using a soft hammer will produce flakes of a diminutive size 

compared to a hard hammer (e.g. Kooyman 2001, 78-81).  

 

 
Figure 6-11 Means. Chert and quartz complete H.H.D. Elastic flakes 
 

 
Figure 6-12 Chert and quartz complete H.H.D. Elastic flakes. Length/width ratio 
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Figure 6-13 Length/width ratio. Complete quartz flakes 

 

 
Figure 6-14 Means. Complete quartz flakes 
 
 

Analysis was conducted using UNIANOVA. This comparison of the means of the 

complete quartz flakes – using the log transformation of the metrics because of non-

normal distributions – showed no significant difference for length, width, or weight for 

technique/support or source material (Appendix A- 27). The difference in thickness was 

significant; post hoc tests using LSD showed a significant difference (p = 0.016) 

between S.H.D. Elastic and H.H.D. Inelastic, but using Bonferroni (p = 0.095) or 

Tukey’s HSD (p = 0.073) did not. Therefore, while the more liberal post hoc test proved 

significant, the more conservative ones did not. In comparing the means of platform 
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width and thickness, all complete and flake fragments with complete platforms were 

included. For the 174 platform flakes with complete platforms, there was no significant 

difference for the different source materials or technique/supports for either platform 

width or thickness (Appendix A- 28). 

 

Figure 6-15 highlights that many flake fragments’ length was greater that the mean 

length of complete flakes. This boxplot14 provides the grouped fragments whereby 

‘proximal’ include distal missing fragments and ‘distal’ include proximal missing 

fragments – both these fragment groups can invariably be of substantial length, with just 

a short distal or proximal fragment fractured off. This is especially so for the proximal 

fragment group. A distinction is apparent with the lateral fragments, with the S.H.D. 

lateral fragments having a smaller range, and tending to be shorter than the H.H.D. 

 

 
Figure 6-15 Boxplot. Complete, lateral, proximal, and distal flakes 
                                                           
14 The following boxplots provide the median in the box with the minor outliers signified by circles and 
major outliers signified by stars. 
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The aim with the bipolar technique was to produce a series of small flakes, taken 

here as ranging from 10 to 29.9mm in length. As mentioned, the bipolar technique 

produced a substantially greater proportion of complete flakes than direct percussion. 

For the complete bipolar flakes, the P.Q. produced smaller, lighter flakes, as it had with 

the direct percussion, and the length/width ratio was less than with the other materials 

(Figure 6-16, Figure 6-17 and Appendix A- 29). However, the difference for weight, 

length, width, or thickness between the source materials was not significant (Appendix 

A- 30). Overall, a greater number of bipolar flakes had a length/width ratio approaching 

2:1 and greater. Similarly to the direct percussion, the B.Q. provided the overall greatest 

length/width ratio for the bipolar flakes. In terms of the flake curvature of complete 

flakes (Appendix A- 31), 55.8% of the bipolar flakes were straight. Compared to the 

platform flakes, this fell in the upper range but below the S.H.D. Inelastic which 

produced 59.1% straight flakes; S.H.D. Elastic produced 45.5% while H.H.D. Elastic 

and Inelastic produced between 20-22.6%. 
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Figure 6-16 Means. Complete bipolar flakes 

 

 
Figure 6-17 Length/width ratio. Complete bipolar flakes 
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6.4.1.4 Debitage types 
 

Overall, the 20% sample analysed of the H.H.D. and S.H.D. quartz knapping 

produced 2482 ≥5mm artefacts and 1881 ≥10mm artefacts (Table 6-11). Appendix A- 

32 gives a breakdown for (A) Type platform debitage by source and technique/support, 

highlighting that unlike the chert component, there were no eraillure flakes noted for the 

quartz material; while the majority of the chert flakes were regular flakes, the majority 

of the quartz flakes were irregular flakes; the M.Q. produced the greatest proportion of 

regular flakes (4.2% of the flakes) with the other three source materials producing 

similar, smaller proportions (average of 2.8% of the flakes). This low proportion of 

regular quartz flakes highlights the coarse-grained nature of the raw materials. Overall, 

the B.Q. produced the least proportion of debris. Appendix A- 33 provides a breakdown 

for (A) Type platform debitage excluding source.  

 
20% sampled H.H.D. and 
S.H.D. quartz debitage Count 

Debitage ≥5 mm 2482 

Debitage ≥10mm 1881 

Flake ≥10mm  bulk bagged 117 

Debris ≥10mm  bulk bagged 636 

Table 6-11 Count of 20% sampled debitage 
 
20% sampled H.H.D. and  

S.H.D. quartz debitage (P) Class Count % 

Flake ≥10mm 993 52.8 

Debris ≥20mm   38 2.0 

Debris <20≥10mm  524 27.9 

Sliver <20≥10mm 326 17.3 

Total 1881 100.0 

Table 6-12 20% sampled direct percussion – (P) Class debitage 
 

52.8% of the ≥10 mm debitage was classified as (P) Class flakes (Table 6-12 and 

Appendix A- 34). This highlights that almost half of the ≥10mm debitage produced 

during the experiments was, without the aid of conjoining, non-diagnostic fragments. 

Almost a fifth of the ≥10mm debitage was slivers (debris with a max. thickness of 

<3mm) and slivers accounted for over a third of the ≥10mm debris. 60% (n=1125) of 

the ≥10mm debitage was collected in strike piles and 22.4% (n=252) of these fell into 

the category of conjoinable fragments but perceived as debris, i.e. a part of the (P) Class 

debris category. This substantial amount, at 22.4%, of conjoinable but otherwise 

unrecognisable fragments highlights the difficulty in determining a lot of the quartz 
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debitage without the aid of conjoining. Only 2% of the debitage was classified as 

>20mm debris. 2.6% of the platform debitage was categorised as (P) Type bipolar 

flakes (Appendix A- 34); this accounted for 4.6% of the (P) Type flakes, highlighting 

that a small minority of platform flakes can take the appearance of bipolar reduction, 

especially in the case of H.H.D. Elastic. 

 

The 20% sample of the bipolar debitage produced 280 ≥5mm debitage and 193 

≥10mm debitage (Table 6-13). Table 6-14 looks at bipolar debitage ≥10mm. Just as 

some of the platform flakes were interpreted as bipolar flakes, some bipolar flakes were 

interpreted as having attributes of platform flakes. For the bipolar flakes, however, a 

greater proportion appeared as platform flakes – at 17.1% of the total ≥10mm debitage 

and 22.6% of the bipolar flakes. Nevertheless, the bipolar technique produced more 

diagnostic debitage than the direct percussion techniques – just a quarter of the 

assemblage was classified as debris, compared to almost half of the direct percussion 

(see Table 6-12).  

 
20% sampled bipolar 

debitage (P) Class Count % 

Flake ≥10mm 146 52.1 

Debris ≥20mm 3 1.1 

Debris <20≥10mm 24 8.6 

Sliver <20≥10mm 20 7.1 

Debris <10≥5mm 87 31.1 

Total 280 100.0 

Table 6-13 20% sampled bipolar debitage 
 

20% sampled 
bipolar (P) Class Count % 

Irregular bipolar flake 113 58.5 

Irregular platform flake 33 17.1 

Debris ≥20mm 2 1.0 

Sliver ≥20mm 1 0.5 

Debris <20>10mm 24 12.4 

Sliver <20>10mm 20 10.4 

Total 193 100.0 
Table 6-14 20% sampled bipolar debitage ≥10mm 

 

During the analysis it was noted that the <20mm debris consisted of numerous thin 

fragments, therefore it was decided to sub-divide the debris into two categories, the 

general debris and the slivers, which are <3mm in max. thickness to ascertain any 

differences between the materials and the technique/supports. Analysis was conducted 
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with GZLM, using S.H.D. Inelastic and R.Q. as reference categories. In terms of the 

proportions of debris/sliver for <20≥10mm, while bipolar produced a slightly greater 

proportion of slivers, there was no significant difference between the technique/supports 

or sources (Table 6-15).  

 
Tests of model effects 
Source Type III  

Wald χ² df p 

(Intercept) 20.973 1 0.000 

Tech/Support 7.383 4 0.117 

Source 3.800 3 0.284 

Tech/Support * Source 17.365 12 0.136 

Table 6-15 GZLM. Dependent Variable: Debitage P Sub-type <20≥10mm Model: (Intercept), 
Tech/Support, Source, Tech/Support * Source. Reference categories: S.H.D. Inelastic and R.Q. 

 

However, the support used had an effect on the proportions. Looking at the direct 

percussion proportions alone (using Inelastic and R.Q. as reference categories) while the 

source did not have an influence on the proportions, the differing supports did, as did 

the interaction of support and source (Table 6-16).  The inelastic support produced a 

greater proportion of slivers overall, but the M.Q. reversed the trend with the largest 

proportion of slivers produced with elastic support and the smallest proportion produced 

with inelastic support (Appendix A- 35). Therefore, while the use of an anvil influenced 

the proportions of slivers, the M.Q. proved to reverse the pattern compared to the other 

materials.  

  
Tests of model effects 
Source Type III  

Wald χ² df p 

(Intercept) 40.706 1 0.000 

Support 5.766 1 0.016 

Source 2.980 3 0.395 

Support * Source 8.402 3 0.038 

Table 6-16 GZLM. Direct percussion only. Dependent Variable: Debitage P Sub-type <20≥10m  
Model: (Intercept), Support, Source, Support * Source. Reference categories: Inelastic and R.Q. 
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6.4.1.5 Curvature, cortex, and termination 
 

The analysis of flake curvature examined all ≥ 20mm debitage, providing a sample 

of 613 quartz debitage. While the majority of curved flakes were convex, a small 

number of direct percussion flakes exhibited a concave curvature (Table 6-17). 

Appendix A- 36 provides the proportions of curvature with concave and convex flakes 

grouped. For the quartz debitage, the bipolar debitage generally produced more straight 

flakes but this varied considerably by source material. Analysis was conducted with 

GZLM, using S.H.D. Inelastic and R.Q. as reference categories. Overall, none of the 

variables’ effect on the curvature proportions was significant (Table 6-18). While the 

chert component is not tallied in the appendix, all of the chert flakes were convex, 

highlighting a clear distinction on the materials. 

 
Technique Curvature 
 Concave Convex Total Concave Convex 

 Count Count Count % % 

Bipolar - 22 22  100.0 

H.H.D. 11 186 197 5.6 94.4 

S.H.D. 10 136 146 6.8 93.2 

Total 21 344 365 5.8 94.2 
Table 6-17 Concave/convex proportions for ≥ 20mm debitage. For  
curved/straight proportions see Appendix A- 36 
 
Tests of Model Effects 

 χ² df p 

(Intercept) 8.488 1 0.004 

Technique/Support 8.724 4 0.068 

Source 1.942 3 0.585 

Technique/Support * Source 16.348 12 0.176 

Table 6-18 GZLM. Dependent Variable: Curvature grouped. Model: (Intercept), 
Technique/Support, Source, Technique/Support * Source. Reference categories:  
S.H.D. Inelastic and R.Q. 
 

While technically quartz does not form a cortex, the term cortex is used here to 

describe the exterior surface of quartz which becomes altered due to weathering, natural 

abrading, and so forth. Figure 6-18 provides the proportions of cortex for quartz 

debitage, showing a clear correlation with source material and cortex. The B.Q. had the 

greatest proportion of cortical debitage, while the quarried R.Q. had the least. While the 

M.Q. and P.Q. were also quarried, the original blocks were of a smaller size than the 

R.Q., and therefore had a greater proportion of cortex; the M.Q. was sourced from the 

inter-tidal zone, which therefore produced a more distinctive cortex than the P.Q. 
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Looking at the B.Q. alone – which contained the greater proportion of cortex – for all 

techniques, complete flakes were less likely to occur at the initial and latter stages of 

knapping, i.e. flakes with either 100% or 0% cortex; especially, few 100% cortex 

complete flakes (Appendix A- 37).  

 

 
Figure 6-18 Cortex by source. Quartz debitage 
 
 

The flake terminations were dominated by feather terminations (Figure 6-19). 

Unsurprisingly, no bipolar flakes had plunging terminations, which otherwise occurred 

frequently for the other technique/supports, especially with S.H.D. Inelastic with a 

subsequent reduction in feather terminations; this however, changed with the source 

material. While no step terminations occurred for H.H.D. on B.Q., they occurred 

frequently with S.H.D. on the same material. Overall no clear patterns could be 

discerned for technique/supports and materials on the proportions of terminations – 

apart from the lack of bipolar plunging flakes and the lack of chert flakes with irregular 

terminations. 
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Figure 6-19 Flake terminations. Chert knapped with H.H.D. Elastic only 
 

 

6.4.2 Cores 
 

All of the direct percussion cores were analysed and the bipolar cores were sampled 

at 20%. The 32 direct percussion quartz events produced an assemblage of 49 complete 

cores and 13 core fragments (Appendix A- 38). The 13 platform core fragments were 

derived from five cores – three cores fragmented into two pieces, one fragmented into 

three, and one fragmented into four pieces. Therefore, overall 10% of the platform cores 

fragmented, which gave an assemblage consisting of 21% of core fragments. The 

S.H.D. Inelastic events did not produce a fragmented core; neither did the B.Q. or P.Q. 

materials.  

 

The term ‘core fragment’ occurs regularly in lithic analysis but it is hard to find this 

term defined; it would appear that a ‘core fragment’ is a self-evident entity – a core, yet 

not a complete core. A moot point is whether a ‘core fragment’ should simply be 

considered as debitage. A core can be described as a “block of raw material from which 

flakes...have been struck” (Inizan et al. 1999, 137) and debitage can be described as “all 

removals resulting from the knapping of a core” (Inizan et al. 1999, 138). So, in a sense 

all debitage are fragments of cores – but there is nevertheless a distinction between a 
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‘fragment of a core’ and a ‘core fragment’. In this series of experiments of platform 

percussion, the core fragmentation occurred post knapping, i.e. not in direct relationship 

to a strike. Of course, the fracturing was a consequence of a series of earlier strikes 

which had produced incipient fractures along pre-existing planes of weakness/fracture 

lines. Therefore, these core fragments were not designated as debitage. Without this 

knowledge of the timing of the fracturing, it would be easy in some cases to designate 

some core fragments as debitage, thus leading to an under-recording of cores in an 

assemblage. 

 

The H.H.D. Inelastic core (Appendix B- 8) is an example of core fragmentation – 

fragments E1-24-81-2, 81-3, and 81-4 were held in my hand while fragment 81-1 was 

also held in my hand with its distal surface resting on the anvil; the last strike occurred 

on the opposite end of the proximal surface from where the fragmentation subsequently 

occurred, approximately where the number ‘81’ appears in the image. Once the last 

flake was struck, the core was manoeuvred to set up for the next strike at which point 

the core fragmented in my hand into one large fragment and three smaller fragments. 

Appendix B- 8 shows on the top left the plan of the re-conjoined core; bottom left 

shows the profile of 81-1, with the three images on the right, from the top, shows the 

sequence of the re-conjoining of the three fragments onto 81-1.  

 

The platform core types produced were primarily multiplatform cores – 54 complete 

cores and core fragments – with four each of single platform and dual, opposed 

complete and core fragments (Appendix A- 38). Appendix A- 38 highlights that the 

core fragment types do not match – this is an inevitable result of the visible flake scars 

on the fragments showing a different patterning than how the whole core had been 

knapped.  

 

The mean initial weight of the block/cobble was 2.2kg, with the beach cobbles 

generally the smallest used. The average resultant core weight for the complete cores is 

183.3g (Figure 6-20 and Appendix A- 39). While the S.H.D. cores were generally 

larger, as were the S.H.D. debitage, the greater variability related to the materials, with 

the B.Q. and M.Q. resulting in below average core sizes. Besides size, the distinction 

between core types related to the impact marks visible on the Inelastic support groups, 

formed by the impact with the anvil – all the Inelastic cores had distal impact marks 
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apart from the M.Q. core which fragmented into four pieces, none of which had visible 

distal impact marks. 

 

The 20% sample of the bipolar cores amounted to 64 complete cores and 41 core 

fragments (Appendix A- 40). For the complete cores, the average masses were similar 

across the materials apart from the M.Q. which were thinner and lighter (Figure 6-21). 

Of the 64 complete bipolar cores, all but one had distal impact marks. Knutsson (1988a, 

90-1) noted that the conical piece was a diagnostic quartz artefact, which he stated does 

“not necessarily bear a close relationship to different reduction stages or 

strategies...[but] can occur at any time...irrespective of the applied method of 

reduction”; he described the conical pieces as  

hav[ing] one point of impact formed by several converging, negative and 
positive fracture facets. The point of impact may be crushed. Opposite this 
point of impact is a flat surface created by an already existing fracture in the 
piece of raw material or natural plane. These pieces are produced when a 
detaching blow crushes the 'flake' and at a point where the fracture front 
meets a flat fracture face that runs perpendicular to the line of the detaching 
blow.  

 

While it appears that Knutsson found instances of conical pieces occurring with 

platform reduction, no conical pieces were produced with the direct percussion 

technique and method of flake removal used during these experiments, at least not out 

of the 2000 artefacts that formed the 20% sample of platform reduction. In these 

experiments all of the conical pieces were the result of bipolar reduction, whereby, as 

described by Knutsson above, the bipolar core fractured along a fracture plane 

perpendicular to the impact point, creating a conical piece (Appendix B- 9). 

Consequently, they have been categorised as bipolar core fragments, with the awareness 

that this differs from Knutsson’s designation. Nine conical pieces were noted out of the 

20% sample, accounting for 8.6% of the total sample of cores and 22% of the core 

fragments (Appendix A- 40). 
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Figure 6-20 Complete platform cores - initial weight and core weight.  
Reference line at 183g indicates average core weight 
 

 
Figure 6-21 Complete bipolar cores - mean length, width, thickness, weight 
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6.5 Overview and Discussion 
 

The aim of the experimental knapping of vein quartz from Belderrig was to produce 

an assemblage of artefacts using various techniques and supports with which to 

investigate the fracture mechanics of the materials, and to use the experimental 

assemblage to compare with archaeological assemblages. Over 14,000 ≥5mm artefacts 

resulted from the 40 knapping events of 70kg of quartz from three quartz veins and 

beach cobbles. A series of psammite hammerstones and a deer antler were used as 

impactors. One block of chert was knapped to use as a baseline comparison. 

 

The thin sectioning of the quartz has shown that the Belderrig quartz sources, while 

variable in terms of crystal orientation and fracture development, are all coarse-grained 

quartz of massive habit, with multiple macro- and micro-fractures. While all the quartz 

is coarse-grained, the minority of it appears as sugar-grained/textured, with the majority 

appearing as smooth-grained and it can be difficult to distinguish the grain/crystal 

boundaries from macro-fractures. 

 

Two blocks/cobbles of each source – B.Q., P.Q., M.Q., and R.Q. – were knapped for 

each technique/support with the direct percussion debitage bagged per strike and the 

bipolar artefacts bulk bagged after each event. The assemblage was then random 

sampled at a rate of at least 20%, providing a quartz assemblage of over 2700 ≥5mm 

debitage for full analysis, weighing 10.5kg along with 700g of <5mm debitage. 

 

The per strike fragmentation rate for ≥10mm debitage of the direct percussion quartz 

was dramatically different to the chert component. While the chert fragment rate was 

1.2 per strike, the quartz was 4.5 times greater at 5.4 fragments per strike. In general the 

P.Q. – which is the grainier, more sugary-textured quartz – produced the least amount of 

fragments per strike and the soft hammer inelastic also produced the least amount. The 

significant difference between the chert and quartz is clear, as are the implications for 

analyses of archaeological assemblages – if the differences in the fracture mechanics of 

the various materials used are not taken into account, misleading interpretations will 

inevitably result; if an assemblage which consisted of equal knapping of chert and 

quartz cores is tabulated, it will inevitably appear to be dominated by quartz debitage 

due to the significantly greater fragmentation rate, and a tabulation of complete flakes 
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will make the chert component appear to dominate. Moreover, the relative ease of 

‘reading’ the chert component can lead to the chert appearing as a more carefully 

crafted component of an assemblage, with the quartz knapping appearing as 

unstructured and, as Lindgren (1998) put it, without shape. However, the shapes of 

quartz knapped during this series of experiments are relatively predictable.  

 

In order to ascertain the differences in what was actually being produced during the 

knapping, and how the assemblage would be perceived without this knowledge, the 

debitage types, classes and fragments were categorised twice – as the A Type, A Class, 

and A Fragment, and then as the P Type, P Class, and P Fragment. For the A Class, 

debris accounted for 30% (n=628) of the ≥10mm debitage, while for the P Class the 

debris jumped to 45% (n=934). This increase consisted mainly of sequential and mesial 

flakes, highlighting that these two fragment types are the most difficult to identify with 

certainty and will therefore be under-recognised in assemblages. The fact that almost 

half of the experimental debitage was categorised as debris could make one despondent 

with attempting to analyse assemblages produced on coarse-grained vein quartz such as 

that from Belderrig, and view these ‘shapeless’ fragments as no more than gravel. 

Nevertheless, while this 45% of debris is substantial, and in many ways disquieting, the 

remaining 55% is more than amenable to analysis, and clear patterns of debitage 

formation and breakage can be discerned. As noted, sequential fragments are amongst 

the hardest to identify in the assemblage, as were sequential breaks. Because of this 

difficulty in identifying these breaks and fragments consistently, these categories were 

excluded during the analysis of the archaeological material (see Chapters 9 and 10). 

 

The analysis of the complete and platform flakes has shown that a number of 

characteristic platform attributes are identifiable, albeit with a number of complicating 

factors such as edge damage that forms and which can result in pseudo-platforms 

forming on non-proximal flakes. For all ≥10mm debitage, 35% had complete or partial 

platforms, with 12% having complete platforms. The impact point on quartz is typified 

by a whitened area, formed by micro- and macro-fractures which increase the opacity in 

the area and also partially fill with quartz dust; the whitened impact point is found on 

the detached flake’s platform and often on the core if the impact point was at the edge 

of the platform. However, the impact point may be more ephemeral in many cases and 

in some case not visible at all, as with a sizeable minority of the soft hammer flakes. 
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Along with the impact points, radial and transverse fissures form on the platform, which 

can result in full fractures if they develop significantly. As well as these fissures, more 

substantial fractures can develop, with a signature fracture being the triangular fracture 

with the triangle’s apex forming at the impact point; another triangular fracture can 

often form radiating towards the dorsal face of the platform as well. The triangle’s apex 

is often less acute, resulting in more rounded and appearing as a convex fracture. If 

these fractures develop fully, a triangular-shaped platform fragment is formed, or a 

more convex shape if the apex was less acute. Another characteristic platform is formed 

during a sequential break, where the flake breaks into a number of flakes, which some 

or all can take the appearance of complete flakes, with complete platforms and flake 

terminations. Another complicating fragment is where a pseudo-platform is created by a 

transverse break, formed by edge damage during flake formation – these ‘platforms’ 

appear to have an impact point and radial fissures, and can appear to be complete flakes. 

The bipolar flake platforms are generally characterised by a rounded platform with the 

steep side on the ventral face of the flake, with the platform angle reversed compared 

with direct percussion platforms. As with the direct percussion platforms, bipolar 

platforms can also fracture in a triangular fashion, leading to triangular-shaped platform 

fragments. For both bipolar and direct percussion, a less frequent occurrence was bulbs, 

with compression rings only noted on two direct percussion flakes. Just 5% of the flakes 

had bulbs, and no pattern was discerned for the occurrence according to 

technique/support or source, apart from bipolar which had practically none.  

 

The distinction between bipolar flakes and platform flakes was generally clear. 

Nevertheless, a sizable proportion of bipolar flakes appeared as platform flakes. 17.1% 

of the ≥10mm bipolar debitage and 22.6% of the bipolar flakes appeared to be platform 

flakes, while 2.6% of the ≥10mm platform debitage and 4.6% of the platform flakes 

appeared as bipolar flakes. This highlights that it is more likely that bipolar flakes will 

be underestimated in an assemblage compared to platform flakes. 

 

Compared to the direct percussion, the bipolar component had a significantly greater 

proportion of complete flakes at a third of the flakes, with the direct percussion 

producing less than 8%. This may be related to size, with less surface area available for 

fragmentation. However, the different recording strategies may have exaggerated the 

proportion of apparently complete bipolar flakes – as the bipolar debitage was not 
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bagged per strike, it was difficult to identify sequential breaks and fragments; 

consequently, some of the bipolar flakes that were assigned as complete may in fact be 

flake fragments with indistinguishable sequential breaks; the surface of the quartz 

makes it difficult to assess the completeness of flakes compared to flint or chert. The 

bipolar had substantially more transverse only breaks than the direct percussion, which 

had both longitudinal and transverse breaks on most artefacts.  

 

The analysis of the proportions of siret breaks showed that the soft hammer 

produced significantly less siret breaks than the hard hammer or bipolar regardless of 

the quartz source, and that the use of the platform-on-anvil reduced the occurrence of 

siret breaks for both soft and hard hammer, but that the B.Q. both increased and 

decreased the likelihood depending on the technique/support. Therefore, the proportion 

of siret breaks is useful predictor of the technique/support used. Additionally, while 

96% of the hard hammer direct and bipolar flakes’ platforms exhibited impact marks, 

only 79% of the soft hammer flakes did. Overall, the various materials produced 

relatively few clean breaks, highlighting the coarse-grained nature of the material and 

also few regular flakes, with the clear majority having irregular edges. 

 

The complete bipolar flakes were, unsurprisingly, smaller (as was the aim), and with 

a greater proportion of length/width ratio approaching 2:1 and greater. For the direct 

percussion, while the S.H.D. Elastic generally produced bigger, thicker complete flakes 

with a greater length/width ratio, the differences between the technique/supports and 

source materials for all the metrics were not significant, and therefore not useful as 

predictors for identifying technique/supports. Comparing the H.H.D. Elastic quartz and 

chert flakes, the metrics that were significantly different were length and the 

length/width and length/thickness ratios. Because of the fragmentation rate, many of the 

non-complete quartz flakes were of a greater size the complete flakes, especially the 

distal missing, proximal missing, and lateral fragments. Consequently, analysis of just 

the complete flakes is not necessarily representative of the size range of flakes, but it is 

difficult to analyse these together. 

 

The analysis of the cores has shown that the process of core fragmentation 

complicates the interpretation of assemblages. Overall, 10% of the platform cores 

fragmented, resulting in a platform core assemblage of 21% core fragments – many of 
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these core fragments are indistinguishable as core fragments, possibly resulting in an 

under-recognition of cores in archaeological assemblages and a consequent over-count 

of debitage. Neither the B.Q. nor the P.Q. – both the sugar-textured quartz – produced 

core fragments; nor did the soft hammer elastic knapping events. For the platform cores 

knapped on inelastic supports, all but one core fragment set had indicative distal impact 

marks signifying the use of an anvil, as did the bipolar cores which also had proximal 

impact marks. The bipolar core assemblage produced a greater proportion of core 

fragments, but the bipolar component is overall easier to identify as bipolar cores and 

bipolar core fragments (however, see below Chapter 7). One difference noted to 

Knutsson’s experimental dataset was the occurrence of conical pieces, which he states 

as occurring from both bipolar and direct percussion knapping. In this series of 

experiments, all the conical pieces resulted from bipolar reduction, and are treated, 

cautiously, as bipolar core fragments. 

 

Overall, the four quartz source materials did not result in significantly different 

outcomes for most attributes recorded with just a couple of exceptions – such as with 

the interaction with technique/support in siret proportions where the B.Q. produced less 

siret breaks using bipolar compared to other materials, and more siret breaks using 

S.H.D compared to other materials; for slivers the M.Q. reversed the proportion of 

slivers produced with inelastic support compared to other materials. The 

technique/supports generally had a greater influence in the differences, where 

significant differences were discerned such as with the siret proportions and platform 

collapse. Therefore, for some attributes the materials used confounded the otherwise 

clearer pattern of the technique/support results, highlighting that the idiosyncrasies of 

the individual blocks/cobbles of quartz will affect the composition of vein quartz 

assemblages in unpredictable ways, but the materials only altered the patterns in 

interaction with techniques and/or supports. The clearest difference in materials, 

however, was between the chert and the quartz, which produced significantly different 

results for most of the attributes recorded such as the differences between the chert and 

quartz flakes’ length; the ratios of length/width and length/thickness; curvature; 

presence of bulb, compression rings, and eraillure flakes; the regularity of flakes; and 

the difference in fragmentation rate of the debitage per strike and consequently the types 

of flake breaks produced. 
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7 Quartz recognition experiment 
 

Typological systems are essential for communication...as well as for 
interpretive purposes. For both communication and interpretation, it is 
important to know that different individuals using the same typology 
classify artifacts in similar ways, but the consistency with which typologies 
are used is rarely evaluated or explicitly tested...Typologies are "sacred 
knowledge" acquired as a rite of passage into professional status, and the 
ability to classify things correctly is a basic professional skill about which 
some archaeologists are very sensitive (Whittaker et al. 1998, 129, 132, 
emphasis added). 

 

7.1 Introduction 
 

This chapter discusses the two quartz recognition experiments conducted on 

volunteer participants at the Belderrig Summer 2008 excavations and at the WAC 

conference, Dublin 2008. These two related experiments, which were dubbed as ‘quartz 

quizzes’, were undertaken in order to understand how quartz artefacts are indentified 

and classified by different people.  In Section 7.2 I introduce the reasons for the quizzes, 

discuss the considerations and decisions regarding the formulation and conducting of 

them, and introduce some previous research pertaining to examining researchers’ 

consistencies and biases in analysing and classifying artefacts and interobserver biases. 

Section 7.3 details the quiz presented to the conference attendees at WAC, Dublin 2008. 

Section 7.4 concludes the chapter with an overview and discussion. For reasons outlined 

in Section 7.2, the results of the quiz at Belderrig are dealt with summarily, and are 

provided in Appendix A- 48. 

 

 

7.2 Formulating and introducing the quizzes 
 

The initial analysis of the experimental assemblage made it clear that the correct 

identification of a given artefact’s place in the chaîne opératoire was often 

problematical, especially with non-proximal flake fragments and core fragments, thus 

leading to incorrect interpretations. As the experimental assemblage’s debitage had been 

for the most part divided into strike piles, the fragmentation of a given flake could be 
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reconstructed through conjoining – once this possibility of conjoining was taken away 

and the analysis was done ‘blind’, as would be the case in an archaeological 

assemblage, the results were quite different. Leading from discussions concerning this, 

Graeme Warren suggested that members of the 2008 Belderrig excavation team could 

be asked to participate in a ‘quartz quiz’ which would be devised in order to understand 

how people with a variety of lithic analysis skills identified and classified quartz 

artefacts. Following this quiz, called Quiz A, which was held in Belderrig in June 2008, 

I was invited to run the quiz again at the WAC conference, called Quiz B, which was 

taking place in UCD the following month. It was hoped that by holding the quiz at the 

week-long conference a cross section of both Irish and international archaeologists and 

especially lithic analysts – including hopefully some with experience in analysing 

quartz – would volunteer to participate.  

 

As detailed in Chapter 5, when introducing the quiz to the participants the pieces 

presented to them were described as 'Belderrig quartz', alluding that they were from the 

Belderrig excavations – they were in fact made from Belderrig quartz, but were not 

prehistoric artefacts. This was done for two reasons 

1. In order maintain the possibility that some pieces were not anthropogenic in 

origin – as one might anticipate in an archaeological assemblage but not in an 

experimental one.  

2. I was concerned that if the quiz had taken place with participants knowing that a 

definitive answer existed interpretations may have been affected by this 

knowledge.  

 

Both factors seemed very important in terms of testing an archaeological typology 

(where prior knowledge does not usually exist). It was, of course, essential that all 

participants took the quiz under the same conditions – hence not being able to respond 

correctly to the direct questions. I would like to apologise to all participants for 

misleading them about the nature of the materials they were examining and I hope that 

they understand the logic behind the decision. I want to stress that no attempt 

whatsoever was made to ‘antique’ the quartz pieces; the pieces shown to the participants 

were in the same condition as when they were knapped. While a few participants 

commented that a few of the pieces appeared ‘fresh’, for the most part there were no 

objections voiced as to the antiquity of the pieces. 
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A selection of 30 pieces of quartz from the experimental assemblage was initially 

chosen for Quiz A; 20 of these pieces were subsequently used for the Quiz B (Table 7-1 

and Appendix A- 42). The reasons for only presenting 20 of the original 30 pieces for 

Quiz B was that it was suggested in feedback from the first quiz that a shorter quiz 

would attract more participants which would outweigh the subsequent loss of some 

information. The pieces were chosen because they were representative flakes and cores 

knapped by both bipolar and direct percussion, with 30% being bipolar cores and flakes 

(Appendix B- 10, Appendix B- 11, Appendix B- 12, Appendix B- 13). The pieces were 

graded into what I (subjectively) considered would be levels of difficulty – difficulty 

one being easy, difficulty two moderately difficult, and difficulty three being difficult 

(Table 7-1). This grading into levels of difficulty was done in order for me to then 

compare my perception of a given artefact’s difficulty in recognition compared to the 

participants. For the Quiz B selection, a greater proportion of ‘difficulty 2’ pieces were 

excluded, mainly a variety of platform flake fragments; these were excluded in order for 

a balanced selection of other types and difficulty levels to remain included. The 30 

pieces were the results of ten experimental knapping events, an ‘event’ signifying the 

knapping of one parent core (Figure 7-1). The four platform core fragments selected 

were all conjoins of one core, while there were four other sets of conjoined platform 

flakes; for the 20 pieces examined by both quizzes, two of the conjoined flake sets were 

not examined, and one of the core fragments that formed the conjoin was excluded, 

leaving a set of three conjoined core fragments.  

 
Piece Quiz A Quiz B 

Bipolar Diff. 1 Diff. 2 Diff. 3 Total Diff. 1 Diff. 2 Diff. 3 Total
Core, complete 4 - - 4 4 - - 4
Flake, complete - 2 2 4 - 1 1 2
Platform       

Core, complete 1 - - 1 1 - - 1
Core, fragment - - 4 4 - - 3 3
Flake, complete 3 - - 3 2 - - 2
Flake, fragment 6 6 2 14 4 2 2 8
Total 14 8 8 30 11 3 6 20

Table 7-1 Selected quiz pieces – Diff. = Difficulty level 
 

Due to the different terminologies that various people use in describing debitage 

(discussed previously, see Section 5.4), I asked all the participants to use the 

terminology from Inizan et al. (1999) which was available for them to examine if the 

terminology was unfamiliar, and also presented each participant with a sheet (Appendix 
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A- 43)15 containing a diagram showing the structure of the basic terminology for 

classifying the pieces and a list of attributes, such as fragmentation, flake termination, 

striking marks etc. to note where possible. I asked the participants to give as much or as 

little information as they so wished. Figure 7-2 shows the classificatory structure used 

for the quiz. The first level of identification is ‘piece’, which consisted of either cores or 

debitage; or they could be described as natural, or as indeterminate if the interpretation 

was unclear. The second level is ‘type’ which for cores were multiplatform and bipolar 

and so forth, and for debitage were flakes and blades, or debris; the third level is ‘sub-

type’ which for debitage was regular platform flakes, irregular platform flakes, and 

bipolar flakes – a bipolar flake could, of course, also be regular or irregular, but this was 

not included on the sheet provided.16  

 

In terms of the debitage, I was not concerned whether the participants classified a 

piece as either a flake or blade, or regular or irregular. Instead, I was interested in 

classifications of debitage as either flake/blade or debris, and identifications of the sub-

types of either platform or bipolar technology. As well as those shown, other types are 

possible such as cores that show signs of a combination of platform and bipolar 

reduction.  

 

While discussing the quiz and the terminology of Inizan et al. (1999) with the 

participants of Quiz A at Belderrig, I explained that a given piece could be a core, 

debitage, indeterminate, or natural. The latter two classificatory choices were not 

written down on the sheet provided, but given verbally. For Quiz B at WAC, however, 

the categories ‘natural’ and ‘indeterminate’ were written on the sheet alongside ‘core’ 

and ‘debitage’. This written addition dramatically altered the responses to the pieces. It 

appears that the participants of Quiz A implicitly assumed the pieces presented to them 

to be artefactual, whereas the participants of Quiz B did not have this assumption – 

Table 7-2 highlights the significant difference in responses for the 20 pieces that both 

quizzes looked at: while only 1% of the responses in Quiz A were either ‘natural’ or 

‘indeterminate’, in Quiz B this jumped to 21%; looking only at participants from Quiz B 

that had ‘substantial’ lithic experience did not alter the percentage, therefore this change 

is not related to experience with lithics.  
                                                           
15 This sheet was slightly amended for the Quiz B participants; Appendix A- 43 is the amended version. 
16 ‘Regular’ means a flake or blade with an acute, straight edge of at least 10mm in length, and a blade 
means a flake with a length:breath ratio of 2:1. 
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Figure 7-1 Relationships of pieces examined during quizzes 
 
 

 
Figure 7-2 Classificatory structure for quiz artefacts 
 
 

It is probable that this difference is due specifically to the presentation format of the 

quiz, or else because of the fact that Quiz A was undertaken at Belderrig in the vicinity 

of the excavation, therefore allowing an assumption that the pieces were all excavated 

there. Because of this significant difference between the two quizzes at the first level of 
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classification their data was not combined and analysed together as had been initially 

planned. Therefore, the results of the two quizzes will be dealt with separately, with the 

main focus of analysis on Quiz B. A summary of the results from the Belderrig quiz are 

provided in Appendix A- 48. 

 
Response Quiz A (%) Quiz B (%) 

Indeterminate 1.03 12.66 

Natural - 8.94 

Total 1.03 21.16

Table 7-2 Responses to 20 pieces seen by both quizzes 
 

An interesting result of this lack of the explicit categories of natural and 

indeterminate for Quiz A was that its participants nevertheless did not categorise the 

experimental assemblage more accurately even though they did not use those categories. 

Instead, they used the category ‘debris’ more often than the participants of Quiz B, and 

the frequencies of use for ‘debris’ matched the ‘natural’ and ‘indeterminate’ pieces of 

Quiz B. Therefore, one can surmise that while the participants of Quiz A were explicitly 

asked to use the term ‘debris’ as used by Inizan et al. (1999), some of them may in fact 

have ‘broadened’ its meaning to suit their needs in attempting to classify pieces they 

were unsure about. 

 

 

7.3 Quiz B – WAC, Dublin 2008 

7.3.1 Participants’ background and skill levels 
 

A major aim of the quiz was to determine how differing skill levels affected the 

identification and classification of a quartz assemblage. The participants were asked to 

rate and give details concerning their archaeological experience, lithic experience, and 

quartz experience – here, ‘lithic’ stood for stone in general, while ‘quartz’ meant 

specifically quartz. Four categories of experience were provided – none, student, minor, 

and substantial. The category of ‘student’ was used in order to distinguish those 

participants who would have had some experience with fieldwork, lithics, or quartz as a 

student such as in introductory lithic analysis classes and so forth, but less than ‘minor’ 

experience. The participants were asked to also provide information on their countries 
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of archaeological education and work, their level of education, and their current 

position.     

 

47 people attending WAC volunteered to participate in the quartz quiz. These 

represented archaeologists who received their archaeological education in 17 countries, 

with 24 countries listed as their main countries of work. All continents bar Asia (and 

Antarctica) were listed as places of archaeological education; 43% were primarily 

educated in Ireland and Britain; 19% in Australasia, and 15% in America. The 

participants ranged from senior archaeologists with a wealth of archaeological and lithic 

analysis experience to students with little. Table 7-3 shows the breakdown of the 

participants in terms of their current occupation and experience with lithics and quartz; 

62% of the participants described themselves as having substantial experience with 

lithics, while 23% had substantial quartz experience. Of those with no quartz 

experience, 36% had substantial lithic experience and 27% had minor lithic experience.  

 
Current position  Lithic experience Quartz experience

 Total None Student Minor Substantial None Student Minor Substantial 

Field archaeologist 21 - 2 7 12 3 2 9 7 

Lecturer 8 - - 3 5 1 1 6 - 

Researcher 5 - - - 5 - 1 1 3 

PhD Student 5 - - - 5 4 1 - - 

Undergraduate 4 1 3 - - 2 2 - - 

Museum curator 1 - - 1 - - - 1 - 

Petrologist 1 1 - - - 1 - - - 

Retired 1 - - - 1 - - 1 - 

Unemployed 1 - - - 1 - - - 1 

Total 47 2 5 11 29 11 7 18 11

Table 7-3 Quiz B - Occupation and lithic and quartz experience. 
 

For the 11 participants with substantial quartz experience 36% work in Australia, 

27% in Scandinavia, with rest working in Britain or North America and most were 

educated where they work (two listed more than one work location including Africa, 

India, and France). For the participants with substantial lithic experience (but excluding 

the 11 with substantial quartz experience mentioned above) 51% work in Ireland or 

Britain, 17% in Australia, 16% in America with the rest working in Continental Europe 

(some listed more than one work location including Israel, Africa, and South America). 

Again, almost all participants work where educated. Table 7-3 highlights that almost 

half of the participants described themselves as field archaeologists and 20% were 
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current students. Only one participant, a petrologist, had no immediate connection with 

archaeology, and along with him one other (an undergraduate) had no experience with 

lithic analysis.  

 

 

7.3.2 First level identification – Piece: core or debitage 
 

Looking at the first, basic level of classification, of whether a given piece was either 

a core or debitage, the overall correct response rate was just 61%, with the correct 

responses being significantly higher for the actual debitage pieces (75%) compared to 

the actual core pieces (39%). Those with substantial quartz experience had greater 

success (Table 7-4) – it should be remembered that four out of the 11 participants with 

no quartz experience described themselves as having substantial lithic experience.  

 
Quartz experience Actual Piece (%) 

 All (n=20) Core (n=8) Debitage (n=12) 

None (11) 57 32 74 

Student (7) 60 36 76 

Minor (18) 60 40 73 

Substantial (11) 66 47 80 

All (47) 61 39 75 

Table 7-4 Correct responses to Piece category 
 

It is clear that for all levels of experience the success rate was low, but a more 

interesting question is what the respondents described the pieces as. Looking at what 

these incorrect responses were, Appendix A- 44 shows that for the incorrectly identified 

cores, the misidentification was split between describing them as debitage or as natural 

or indeterminate; for the substantial quartz experience cohort however, they were more 

likely to describe them as debitage. For the misidentified debitage, the pieces were 

twice as likely to be misidentified as natural or indeterminate instead of as cores, apart 

from the student quartz experience cohort who misidentified them as cores. 
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7.3.3 Second level identification – Types 
 

The identification of types is divided between core types and debitage types (Figure 

7-2). The initial difficulty with analysing the results of the ‘type’ identification relates to 

the large percentage of non-responses for the core types in this category. This omission 

of the type could imply that the participant was unsure of the type and decided to leave 

it simply as a generic ‘core’, or that certain participants systematically did not answer 

the category, or else, on occasion, forgot to fill in that item; a combination of all three of 

these possibilities is more than likely.  

 

 

7.3.3.1 Cores 

  
Beginning with core types, the correct response rate for bipolar and multiplatform 

cores was very low. Table 7-5 gives the response rates for the cores collectively and by 

type, and also for responses when the piece was correctly identified as a core. Overall, 

10% of the responses for core type were correct; looking at only those responses where 

the piece was correctly identified i.e. when the participants knew they were looking at a 

core, this rises to 25% (Table 7-5). For those who correctly identified a piece as a core, 

for bipolar cores their success rate was 18% and 32% for platform cores.  

 
Quartz  
experience Overall Score by Core types (%) Score when Piece was correct  

by Core types (%) 

 
All 

Core 
(n=8) 

Bipolar, 
Comp.  
(n=4) 

Platform, 
Comp. 
(n=1) 

Platform, 
Frag.  
(n=3) 

All 
Core 
(n=8) 

Bipolar, 
Comp. 
(n=4) 

Platform, 
Comp.  
(n=1) 

Platform, 
Frag.  
(n=3) 

None (11) 9 5 36 6 29 17 50 25 

Student (7) 7 - 14 14 20 - 25 43 

Minor (18) 10 10 22 6 24 22 29 25 

Substantial (11) 13 11 46 3 27 22 45 14 

All 10 7 30 6 25 18 38 26 

Table 7-5 Scores for core type; overall scores and scores when correctly identified as a core 
 

Appendix A- 45 gives the responses for those who correctly identified a given 

artefact as a core. This table highlights that for all the cores, the category of type was 

left blank a significant amount of the time, even for the substantial quartz experience 

cohort. The piece that caused the least difficulty in identification was the complete 

platform core – as Table 7-1 shows, this ease in identification was predicted as this 
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piece had been given a difficulty level of 1; in fact, this piece was included in the quiz 

as an ‘easy’ piece, to show the participants a familiar shaped object, i.e. a clear-cut 

multiplatform core. For the bipolar cores however, there was a consistent 

misidentification of them as bipolar cores, even though I had surmised that all of these 

would be easily identified, and had assigned all of them a difficulty level of 1. This 

proved incorrect, and these four bipolar cores were identified as cores for only 41% of 

the responses; the substantial quartz experience cohort identified them as cores for just 

52% of the responses. Looking at responses when they were correctly identified as 

cores, they were identified as bipolar for 18% of the overall responses and 22% for the 

substantial quartz experience cohort (Appendix A- 45). 

 

For the three platform core fragments (see Appendix B- 8) I had surmised that due 

to their morphologies, two of them would be described as cores, while one would be 

identified as debitage. Table 7-6 shows the piece category responses for the three core 

fragments with the type and sub-type categories of ‘debris’ and ‘flake/blade, bipolar’ as 

well; these are highlighted due to the high response rate for them. This table highlights 

that for the first core fragment there was little consensus on what the artefact was, with 

few calling it a core; for the second fragment there was more general agreement that it 

was a core, with those with less experience with quartz faring better. For the third core 

fragment, all experience categories were more decisively incorrect in calling it debitage, 

and compared to the other two core fragments all were less likely to describe it as 

debris. Therefore, most considered this to be a flake, and a significant amount regarded 

this core fragment as a bipolar flake/blade. What is interesting about this latter 

identification is that there were only a few correct responses for the two bipolar flakes 

presented during the quiz; while there were a total of 38 responses of ‘bipolar flake’ or 

‘possible bipolar flake’, only five of these were for actual bipolar flakes which gives a 

correct response rate of just 5%.  
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Exp # Quartz 
Experience 

Core 
(%) 

Debitage 
– All (%) 

(Debitage 
– Debris) 

(%) 

(Debitage 
– Bipolar) 

(%) 
Indeterminate 

(%) 
Natural 

(%) 

2021 None (11) 9 45 (45) - 27 18 

 Student (7) 29 29 (29) - 14 29 

 Minor (18) 17 17 (11) - 33 33 

 Substantial (11) 9 27 (27) - 45 18 

2022 None (11) 64 18 (18) - - 18 

 Student (7) 71 29 (29) - - - 

 Minor (18) 44 28 (17) (6) 11 17 

 Substantial (11) 55 27 (9) (18) 18 - 

2023 None (11) - 73 - (9) 27 - 

 Student (7) - 100 (14) (29) - - 

 Minor (18) 6 89 (17) (17) 6 - 

 Substantial (11) - 82 (9) (27) 18 - 

Table 7-6 Responses for three platform core fragments. Responses for all ‘debitage’ are provided 
and also have been subdivided, highlighting the responses of ‘debitage-debris’ and ‘debitage-
bipolar’ in brackets. E.g. for the first row all of the 45% of ‘debitage’ responses were ‘debris’ while 
for the last row the 82% of ‘debitage’ consisted partially of 9% ‘debris’ and 27% ‘bipolar’ 
 

 

7.3.3.2 Debitage 
 

Looking at the typing of the debitage, which concerned categorising into flakes or 

debris it is clear that debitage was easier to type than cores. Nevertheless the overall 

success rate was still low at 65%, with the bipolar flakes the easiest for all levels of 

experience to type (Table 7-7) At v7ys noted above, not to sub-type as bipolar flakes 

(see also, below p. 160). Appendix A- 46 lists the responses, highlighting that when 

incorrect the complete flakes were often misidentified as cores or as 

indeterminate/natural; the flake fragments were more often described as 

indeterminate/natural and sometimes as debris; and the bipolar flakes were described as 

debris or as indeterminate/natural.  

 

Quartz experience 
Flake, Complete  

(n=2)  
(%) 

Flake, Fragment  
(n=8)  
(%) 

Flake, Bipolar,  
Complete (n=2)  

(%) 
None (11) 50 65 68 

Student (7) 43 64 86 

Minor (18) 42 65 75 

Substantial (11) 59 72 91 

All 49 66 79 

Table 7-7 Correct response rate for debitage type by sub-type 
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7.3.4 Third level identification – Debitage sub-type 
 

The debitage sub-type asked the participants to divide the debitage between regular 

and irregular platform flakes and bipolar flakes (Figure 7-2). The non-response rate to 

the debitage sub-type category was high at 64% - this percentage accounts for only 

those who correctly identified a given artefact as a flake. Overall, the success rate for 

identifying the sub-type of the debitage was only 16%, with this rising to 25% when 

only correct responses for debitage are counted (Table 7-8). Appendix A- 47 lists the 

responses for debitage sub-type when the type category was correctly identified. The 

bipolar flakes were almost never classed correctly, with an overall success rate of only 

4% - 4% of the platform flakes were also categorised as bipolar.  

 
Quartz  
Experience 

Overall  
Response (%) 

Response when 
Type was correct (%) 

  
All  

Flake  
(n=12) 

Platform flake,  
Complete  

(n=2) 

Platform flake,  
Fragment  

(n=8) 

Bipolar flake, 
Complete  

(n=2) 
None (11) 11 18 18 23 - 

Student (7) 17 26 50 31 - 

Minor (18) 18 28 40 32 7 

Substantial (11) 17 24 23 30 5 

All 16 25 31 29 4 

Table 7-8 Correct response rate for debitage sub-type when type category was correct 
 

 

7.3.5 Fragmentation identification  
 

One of the chief difficulties with analysing quartz is due to its fragmentation 

characteristics. During this quiz, the participants were asked to define the pieces as 

fragments or complete. The response rate to this question was low (Table 7-9). One of 

the reasons for this is probably that the participants did not note when they thought a 

piece was complete, but only when a piece was a fragment – while there were 116 

responses of either ‘fragment’ or ‘possible fragment’, there were only six responses of 

‘complete’. This possibility is proved by the fact that in the case of debitage when the 

fragment was not noted, there was no corresponding note of break type either, 

suggesting that they did indeed deem the piece to be complete. Overall, 36% of the 

participants made no mention of fragmentation whatsoever; in terms of quartz 

experience this broke down into 64% for none, 57% for student, 11% for minor, and 
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36% for substantial. You can see that the latter category bucked the trend by a lower 

than expected response rate because the more experienced participants generally 

provided more, and more accurate, responses. Out of the four with substantial 

experience that gave no response to fragment, three also gave no responses at all to the 

attribute categories of break type, striking marks, termination and so forth, possibly 

implying that they treated the quiz at a more general level than their colleagues, or 

otherwise that they were more hesitant in categorising than their counterparts. 

 

Quartz  
experience 

All excluding 
‘natural’ and 

‘indeterminate’ (%) 

Cores excluding 
‘natural’ and 

‘indeterminate’ (%) 

Debitage excluding 
‘natural’ and 

‘indeterminate’ (%) 
‘Blade’ 

(%) 
‘Flake’ 

(%) 

None (11) 9 5 12 25 13 

Student (7) 10 5 12 11 19 

Minor (18) 18 12 21 15 26 

Substantial (11) 25 10 33 11 40 

All 17 9 21 16 26 

Table 7-9 Response rate for 'fragment' by variable 
 

Overall, the response rate for fragment was 13%. However, this percentage includes 

responses such as ‘natural’ and ‘indeterminate’ that the respondents wouldn’t be 

expected to detail the fragmentation of. When these are excluded the overall response 

for fragmentation was 17%, ranging from 9% for no quartz experience to 25% for 

substantial experience. For cores the response was 5% for no experience and 10% for 

substantial, and for debitage, 12% for no experience and for substantial 33%.  

 

Because of this low rate in noting the fragmentation of the pieces it is not 

straightforward to get an idea of how successful the participants were at classifying the 

completeness of the pieces. In order to remove extraneous data, one avenue is to only 

look at responses when the participants thought that they were looking at debitage; this 

excludes an analysis of the cores as overall the response rate for them was meagre. By 

doing this, this analysis is giving the participants the benefit of the doubt and allowing 

the most optimistic result for the category. When this is done, there were 111 responses 

in total (21% of the possible) with an overall accuracy rate of 13%. Excluding the non-

responses to the fragment category, the accuracy in describing a flake fragment as 

fragment was 89%, suggesting that when a participant thought it was a flake fragment, 

they noted so; the greater inaccuracy was in misidentifying complete flakes as 

fragments – here only 33% of the responses were correct.  
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7.3.6 Modified pieces 
 

The participants were provided with a list of suggested modified types. This list of 

suggested modified types was included in order to examine the observations of retouch. 

As discussed previously (Section 4.3), the identification of retouch on quartz can be 

problematical, and more often than not ‘tools’ and tool types are identified and defined 

by the presence of retouch. None of the pieces presented to the participants had been 

modified or retouched in any way. Table 7-10 shows the ‘modified’ categories that were 

presented on the form and the amount of observations, including observations of 

‘possible’ types. (The category ‘trimmed’ relates to Irish Later Mesolithic types such as 

butt-trimmed and distally trimmed.) In addition to the categories provided on the form, 

some participants noted instances of ‘modified’ and ‘possible use wear’ as well (Figure 

7-3). 9% of the 940 observations noted modification (Table 7-11). However, only 31 of 

the 47 participants noted at least one modification; for these 31 the observation rate was 

14%. For the substantial lithic experience cohort it was 6% overall; for the 52% of 

substantial lithic experience who noted at least one modification, they noted it 11% of 

the time. For those with substantial quartz experience it was 5% overall; for the 46% of 

substantial quartz experience who noted at least one modification, they noted it 10% of 

the time.  

 
 

Table 7-10 Suggested ‘modified’ types and Quiz B observations  
 

Lithic experience and  
Quartz experience 

Overall 
observation  

rate (%) 

% for those  
with at least  

one observation 
All (47) 9 14 

Substantial lithic exp. (29) 6 11 

Substantial quartz exp. (11) 5 10 

Table 7-11 Observation rates for modified pieces 
 

 

 

 

‘Modified’ Observations 

Arrowhead 4 

Borer 9 

Retouched 36 

Scraper 35 

Trimmed - 
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Figure 7-3 Modified types observed

 
 
 

 
Figure 7-4 Observations of modification per piece and 
by lithic experience 

 
 
 
 
 

 
 
 

 
Figure 7-5 Observations of modification per 
piece and by quartz experience 
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Overall, the most common description of modification was either as a generic 

‘scraper’ or general ‘retouch’ (Figure 7-3). While a number of arrowheads or possible 

arrowheads were noted, these were by the student or minor lithic experience cohorts. 

Figure 7-4 shows the identification of modified piece by individual artefact and lithic 

experience while Figure 7-5 gives the same by quartz experience. 14 of the 20 artefacts 

presented were identified as modified, while five of these represented 66% of the 

observations. The substantial lithic experience cohort identified 12 modified pieces and 

the substantial quartz experience cohort identified six modified pieces. The substantial 

quartz experience cohort did not just choose the five most commonly chosen artefacts. 

Half of the observations were of artefacts which accounted for 20% of the overall 

observations. 

 

 

7.3.7 Evaluating skill levels 
 

In order to compare the varying analytical skill levels, logistic regression was used 

using the combined skill levels of lithic and quartz experience, which gave 10 skill 

levels ranging from ‘None, None’ to ‘Substantial, Substantial’ following the format of 

lithic/quartz experience. Logistic regression is used in situations where one wants to be 

able to predict outcomes based on values of a set of predictor variables, where the 

response is binary, i.e. yes/no, correct/incorrect (2006b). The ‘Substantial/Substantial’ 

skill level was used as the reference category to compare to the other skill levels, and 

the analysis was run on the scores for Piece, Type, and Class. 

 

For the scores to the Piece category, only the Minor, None experience cohort (minor 

lithic experience and no quartz experience) was significantly different from the 

Substantial, Substantial experience cohort (Table 7-12) with the odds of the former 

cohort answering correctly being 51% of the odds of the Substantial, Substantial 

experience cohort answering correctly. 
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Wald χ² df p 

Experience combined 7.642 9 0.571 

None, None 0.224 1 0.636 

Student, None 1.889 1 0.169 

Student, Student 2.615 1 0.106 

Minor, None 5.306 1 0.021 

Minor, Student 0.028 1 0.867 

Minor, Minor 1.364 1 0.243 

Substantial, None 1.037 1 0.309 

Substantial, Student 0.224 1 0.636 

Substantial, Minor 1.991 1 0.158 

Constant 22.677 1 0.000 

Table 7-12 Scores for Piece category. Logistic regression. Variable: Experience combined. 
Reference category: Substantial, Substantial 

 

For the scores to the Type category, again the Minor, None experience cohort was 

significantly different than the Substantial, Substantial experience cohort, as was the  

Minor, Minor experience cohort, albeit with a weak significance (Table 7-13). The odds 

of the Minor, None experience cohort answering correctly was 49% of the odds of the 

Substantial, Substantial experience cohort answering correctly, while the odds of Minor, 

Minor experience cohort answering correctly was 63% of the odds of the Substantial, 

Substantial experience cohort answering correctly. 

 

Wald χ² df p 

Experience combined 9.524 9 0.390 

None, None 0.025 1 0.874 

Student, None 1.667 1 0.197 

Student, Student 0.531 1 0.466 

Minor, None 5.363 1 0.021 

Minor, Student 0.509 1 0.475 

Minor, Minor 3.873 1 0.049 

Substantial, None 0.134 1 0.715 

Substantial, Student 1.667 1 0.197 

Substantial, Minor 1.299 1 0.254 

Constant 0.164 1 0.686 

Table 7-13 Scores for Type category. Logistic regression. Variable: Experience combined. 
Reference category: Substantial, Substantial 
 

For the scores to the Class category, only the Substantial, Student experience cohort 

was significantly different from the Substantial, Substantial experience cohort (Table 

7-14), and in this case the odds of the Substantial, Student experience cohort answering 

correctly was 249% of the odds of the Substantial, Substantial experience cohort 

answering correctly – in other words the former were more likely to identify the Class 

correctly than the more experienced cohort. 
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 Wald χ² df p 

Experience combined 11.169 9 0.264 

None, None 0.008 1 0.931 

Student, None 0.000 1 0.998 

Student, Student 0.235 1 0.628 

Minor, None 0.000 1 0.997 

Minor, Student 0.000 1 0.998 

Minor, Minor 2.834 1 0.092 

Substantial, None 0.630 1 0.427 

Substantial, Student 4.324 1 0.038 

Substantial, Minor 0.900 1 0.343 

Constant 95.000 1 0.000 

Table 7-14 Scores for Class category. Logistic regression. Variable: Experience combined. 
Reference category: Substantial, Substantial 

 

These three analyses highlight that, statistically, there is little difference in the 

scores, and overall the skill level of the participants is not a good predictor of their 

ability to identify and classify vein quartz artefacts. While the Minor, None experience 

cohort were more likely to answer incorrectly for Piece and Type compared to the most 

experienced cohort, their answers for Class were not significantly different. And while 

the Minor, Minor experience cohort was more likely to answer incorrectly the Type 

category compared to the most experienced cohort, the significance level was 

nevertheless weak. The only cohort that was more likely to outperform the most 

experienced cohort was the Substantial, Student experience cohort when answering the 

Class category, where they were 2.5 times more likely to answer correctly. 

 

 

7.4 Overview and Discussion 
 

The willingness of a cross-section of attendees at the WAC conference in Dublin to 

participate in the quartz quiz is commended. And I would like to thank all those who 

took part; most realised the difficulties in analysing quartz, and a number of people 

introduced themselves by saying “I hate quartz”, but were nevertheless happy to 

voluntarily sit down and scrutinise and agonise over a small quartz assemblage. The 

results of the recognition experiment highlight the significant difficulties in recognising 

quartz artefacts even for archaeologists with substantial experience in analysing lithic 

assemblages and specifically quartz assemblages. Those with substantial experience 

with analysing quartz, however, generally had a greater success rate at both identifying 
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flaked quartz as non-natural and also categorising it into its respective types. Those with 

substantial quartz experience were also less likely to note occurrences of retouch on the 

non-retouched artefacts. Nevertheless, the difference in scores was often slight, and 

analysing with logistic regression highlighted that, apart from a few instances, the skill 

levels were not a good predictor of the participants to answer correctly. 

 

A limitation of the experiment was the level of non-responses for categories such as 

fragmentation and core type. In terms of the participants with substantial lithic and 

quartz experience there was a wide range in the level of non-responses to the artefacts; 

some provided detailed information regarding most artefacts beyond the classification 

into types – such as flake termination and break type – while others omitted even the 

basic classifications such as core type. While this may suggest a hesitance to commit on 

the part of some, in order to mitigate this the form presented to the participants could 

have included fill-in-the-blank entries (e.g. see Whittaker et al. 1998) for each requested 

category – this was only provided for the first category. Providing such entry fields 

would probably have mitigated the low response rate for some of the participants at 

least. Nevertheless, as it stands the results have provided interesting insights into how 

quartz recognition and categorisation is approached by a variety of analytical skill 

levels. 

 

One of the more surprising and unexpected results of the quiz was the 

misidentification of the bipolar component of the experimental assemblage. As noted in 

Chapter 4, the linkage between bipolar technology and quartz is experienced worldwide, 

so much so that many analysts have needed to stress that the two do not always 

necessarily have to go together, and indeed, that quartz technology is viable without the 

use of a bipolar strategy. Given this relationship, it is very surprising that the bipolar 

artefacts, or at least the bipolar cores, were consistently misidentified and misclassified 

by the participants, even those with substantial experience with analysing quartz. When 

formulating the quiz the bipolar cores presented were presumed to be easily identified 

and all of them were given a difficulty rating of 1. I had surmised that there would be 

general difficulty in classifying the bipolar flakes as being bipolar. Significantly, when 

those with substantial quartz experience did judge a piece to be a bipolar core, they were 

only correct 55% of the time. They were incorrect as they mistook both platform core 

fragments and a platform flake for bipolar cores.  
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The platform cores presented to the participants were of varying surmised difficulty. 

The complete platform core was surmised to be easily identified. This proved to be so, 

with a high success rate in identifying it. On the other hand, the three platform core 

fragments were chosen as they were representative of how a core can fragment into 

pieces that could be taken for debitage due to their morphology, as discussed in Section 

6.4.2. This, again, proved to be the case. Looking at those with substantial quartz 

experience we can see that for one of the core fragments, Exp# 2023, there was general 

consensus that it was debitage – 82% of the responses regarded it as debitage, with the 

remaining 18% describing it as indeterminate. For the other two core fragments there 

was far less consensus; Exp# 2022 was described as a core in 55% of the responses, as 

debitage in 27%, and indeterminate in 18%, while the last core fragment was described 

as indeterminate in 45% of the observations, as debitage in 27%, as natural in 18%, and 

a core in 9%.  

 

Table 7-15 gives the responses for the 11 participants with substantial quartz 

experience for the categories of piece, type, and sub-type; as the response rate for 

fragment was so low, this has been excluded. The substantial quartz experience cohort 

was much less likely to note instances of retouch or modification on the pieces than the 

overall average. Nevertheless, they still noted numerous observations of retouch or 

possible retouch – altogether, those with substantial quartz experience noted six of the 

artefacts as being retouched, with an overall rate of 5%.  

 

As mentioned previously, Lindgren (1998, 99) presented 10 experimentally made 

artefacts of quartz to 13 of her colleagues, who presumably had experience in analysing 

quartz artefacts; the participants were asked to classify the ten pieces in any 

classification system they wished, and not specifically asked to note for retouch or the 

lack of it.  Of the ten artefacts, six were retouched and the success rate of identification 

of was 59%. While Lindgren does not mention the identification of retouch on the non-

retouched artefacts, her diagram (Lindgren 1998, 100) shows that of the four non-

retouched artefacts, one had three observations of retouch while another had one, giving 

an overall overestimate of retouch at 8% for the four artefacts. Lindgren does not 

describe whether some participants were more likely to note retouch or the lack of it. 

While it is difficult to compare this current test with Lindgren’s, her participants’ 

overestimate rate of 8% is comparable to this experiment’s overestimate rate of 9%.
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Ex.  
# 

Participant number 
24 28 48 45 12 52 44 33 14 41 56 Combined score 

P T S P T S P T S P T S P T S P T S P T S P T S P T S P T S P T S P T S 

Core, 
Bipolar, 
Comp. 
 
 
 

1  ? - -   - - - - ? - - - - 1/2 - 6 1.5 - 

7  ? - -   - - - -  - - - - - 5 1 - 

15  ? - -   - 1/2 - - -  - - - - - 3 1.5 - 

27  ? - -   - - - -  - - - - 1/2 - 9 2.5 - 
Core, Multi, 
Comp. 20  ? - -   - - ? - -  - - - - - 11 5 - 
Core, 
Multi, 
Frag. 
 
 

21  ? - -   - - - -  - - - - - 1 0 - 

22   - -   - - ? - - ? - - - - - 6 1 - 

23   - -   - - - -  - - - - - 0 0 - 
Flake, 
Platform, 
Comp. 
 
 

04   ? ?    ?  ? ? ? ? 10 10 2 

12   ?     ?  ? ? ? 3 3 0 

14         11 11 11 

Flake, 
Platform, 
Frag. 
 
 
 
 
 
 

06   ?   ? ?  ? ? ? 8 8 3 

08       ?   3 1 1 

10       ? 1/2  ? ? 6 4.5 1 

11   ? ?   ? ? ?  ? ? ? 11 10 3 

16   ? ?   ? ? ? ? ? ? ? ? 11 10 2 

18   ? ?   ?  ? ? ?  ? ? 11 11 0 

28   ? ?   ? ? ?   9 8 4 
Flake, 
Bipolar, 
Comp. 

03       ?  ? 1/2 11 10 0.5 

29      ? ?  ? ? ? 11 10 1 
Percent correct, 
Cores 88 - - 38 25 - 13 - - 50 19 - 50 - - 38 13 - 75 38 - 50 13 - 38 25 - 25 - - 50 25 - 47 14 - 
Percent correct, 
Debitage 58 50 8 83 67 8 92 75 17 58 58 33 83 83 8 75 79 25 75 58 17 83 83 25 92 83 25 83 67 50 92 92 21 80 74 22 
Percent correct, 
Overall 70 30 8 65 50 8 60 45 17 55 43 33 70 50 8 60 53 25 75 50 17 70 55 25 70 60 25 60 45 50 75 65 21 66 50 22 

Table 7-15 Responses of 11 participants with substantial quartz experience. P = Piece; T = Type; S = Sub-type; ? = not answered; ½ = partially correct
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One approach to analysing the performance of the participants in examining the 

experimental assemblage is to take the collective observations by skill level and using 

the majority rules principle, allow an assemblage to form. Unfortunately the data on the 

fragmentation of the pieces is not usable in this context, as too few responses were 

given. Therefore, what follows does not consider the fragmentation of the assemblage; 

this of course is a distinct disadvantage, as the fragmentation of quartz is a key issue. 

For this consensus approach table I have included only those who had either minor or 

substantial quartz experience, as these two groups generally had a greater degree of 

consensus, allowing a clearer assemblage to form. For this, I grouped together responses 

of single, multiplatform, opposed, and dual opposed cores as ‘Core, M/S/O/DO’, and I 

also grouped all flakes and blades, irregular and regular as ‘Flake/Blade, Ir/R’. To create 

a consensus table I tallied the responses for each individual piece, and chose the 

response for each piece by its most common response; for example, if a piece was 

chosen 33% for generic ‘core’ and 33% for single or multiplatform core, the resultant 

choice would be a combination called Core/Core, M/S/O/DO. 

 

Table 7-16 gives the results of the consensus assemblages for those with minor and 

substantial quartz experience as well as the experimental assemblage itself. Looking at 

the assemblage by the participants with minor quartz experience one can see 

immediately that there is no evidence for bipolar technology whatsoever, even though 

bipolar pieces comprised 30% of the experimental assemblage. Similarly, for those with 

substantial quartz experience, the bipolar component is underrepresented, with only one 

bipolar core is listed. Ironically, this is actually a misidentification, as the ‘bipolar core’ 

that they agreed upon is one of the platform core fragments. This is also the case for the 

flakes and cores – while they have agreed that such an artefact is a flake, it may not 

actually correspond to an actual flake but rather a core, and vice versa for the cores. 

What is interesting among these two assemblages is that in using the majority rules 

principle, a lot of the ‘indeterminate’, ‘natural’, and ‘debris’ categories have been 

suppressed; for those with substantial experience 10% of the pieces were called 

indeterminate, none were called natural, and only 5% was called debris. For minor 

experience, the natural category was used more, with 10% being natural/indeterminate 

and 5% being natural/all core.  
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Experimental Count Minor quartz       
experience Count Substantial quartz    

experience Count 

Flake, Regular 10 Flake/Blade, Ir/R. 11 Flake/Blade, Ir/R. 12 
Flake, Bipolar 2  -  - 
    Debris 1 
Core, Multiplatform 4 Core/Core, M/S/O/DO 5 Core/Core, M/S/O/DO 4 
Core, Bipolar 4  - Core, Bipolar 1 

  Core, M/S/O/DO/ 
Indeterminate 1   

  Core/Natural 1   

  Natural/Indeterminate 2 Indeterminate 2 

Table 7-16 Experimental assemblage and two consensus assemblages 
 

This quartz recognition experiment has therefore shown that the identification and 

classification of vein quartz artefacts is difficult for all levels of experience, with the 

most experienced participants not outperforming their colleagues with lesser experience 

to a great extent. While some of the individual participants fared better than their peers 

with similar skill levels, taken as a skill level cohort, all the cohorts fared poorly. Some 

of the artefacts presented to the participants, especially the platform core fragments, 

were surmised to be difficult to correctly identify and classify and this proved correct. 

The most surprising misidentification, however, was the bipolar cores which were 

included in the experiment in order to present the participants with familiar artefacts. 

This proved incorrect and the consensus assemblage compiled for both minor and 

substantial quartz experience was almost bereft of a bipolar component, whereas it 

actually consisted of 30% bipolar artefacts. While none of the artefacts presented to the 

participants were modified, 14 of the 20 artefacts were deemed to be modified by at 

least one observation, with five of these making up 66% of the observations of 

modification. Overall, the participants overestimated the modification of the artefacts at 

a rate of 9%, which is similar to the overestimation rate noted by Lindgren in her 

experiment, highlighting the difficulty in ‘reading’ vein quartz artefacts. 
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8 Burnt quartz experiment 
 

8.1 Introduction 
 

This chapter details the experimental burning of a quartz assemblage and the 

subsequent thin sections taken on burnt and unburnt samples. Section 8.2 refers again to 

previous research outlined in Section 5.8. Section 8.3 describes the selection of 

material, measurements, and the fire setting, while Section 8.4 details the results of the 

experiment and the thin sectioning, detailing the effects on the quartz appearance, 

fragmentation, and spatial distribution in the hearth and beyond. Section 8.5 concludes 

the chapter with a discussion of the results, with the full report on the thin sections in 

Appendix A- 49. 

 

 

8.2 Research background 
 

As discussed in Section 5.8, Gonick (2003) and Ballin (2008) have undertaken 

experiments with burning and boiling, and burning quartz respectively. Ballin (2008) 

noted that burnt quartz did not appear to be recognised in the Scottish lithic reports that 

he examined, and he surmised that this was probably due to a lack of identification, 

rather than a lack of burning. Unfortunately, Ballin has not published his quartz burning 

experiments beyond the mention in the 2008 publication. During the literature review of 

Irish quartz finds, few references were found for burnt quartz. 

 

Ballin (2008, 51) commented that his burning experiments showed that “the quartz 

was generally characterized (sic) by (i) pitting and ‘peeled-off ’ surfaces, (ii) a dull and 

opaque appearance (where fresh quartz tends to be clear and vitreous), (iii) various 

degrees of ‘granulation’ and disintegration, and (iv) occasional areas with either a 

reddish or a pink hue”. Ballin (2008, 51-2) was unable to reproduce a certain yellow-

brown colour in his experimental burning:  

[a]s the yellow-brown pieces of quartz seems to be mainly associated 
with later prehistoric sites from the Northern and Western Isles, and not the 
Mesolithic sites of the western mainland and the Southern Hebrides, the 
author assumed that the burning of peat, particularly characteristic in 
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Scottish later prehistory, might have caused the differences in appearance. It 
has not been possible to reproduce experimentally the yellow-brown colour 
of burnt quartz from the Northern or Western Isles, but the author believes 
this discolouration to be the result of either the accidental burning of quartz 
in peat fires, or the deposition of the burnt pieces in a peaty environment 
(e.g. in peat ash deposited in domestic middens). As the experimental 
burning of quartz in a peat fire did not produce the anticipated colours, the 
author expects the discolouration to probably be the combined result of (1) 
weakly developed ‘granulation’ due to the exposure of heat/fire, making the 
quartz slightly more porous, (2) deposition in iron rich peat or peat ash and 
(3) time. 

 

From his interpretation of the visible attributes of burnt quartz, Ballin (2008, 51) has 

recognised extremely high proportions (over 50% for some assemblage) of burnt quartz 

in some Scottish assemblages; he comments that these high ratios of burnt quartz 

remain unexplained. Ballin notes that he observed varying degrees of disintegration of 

his material, but does not quantify it. 

 

 

8.3 Selection of material, measurements, and fire setting 
 

Following from the results of Sergant et al. (2006) discussed in Section 5.8, this 

burning experiment focused on placing artefacts directly into a fire. Three effects were 

investigated; the visible signs of burning, the fragmentation rate of the quartz, and the 

spatial distribution of artefacts.  

 

The four quartz sources used for the experimental burning were the same as used for the 

first experimental assemblage – B.Q., M.Q., P.Q., and R.Q. 10 artefacts from each 

source were used for each of the seven size grades (Table 8-1). This gave a total 

assemblage of 280 artefacts, totalling 1.7kg. The instruments for measurements, 

weights, and sieving were as outlined in Chapter 5. Two hues were noted for the 

materials; the primary hue and the secondary hue, with the latter defined as the hue 

cause by iron and so forth in the quartz matrix. 

 

The fuel source used was pine (Pinus); the dead wood was collected from a forest 

floor and consisted of small twigs and branches up to 5cm in diameter. Pine was a 

predominant species in the North Mayo forest during the date range of the Belderrig 
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quartz scatter (O'Connell and Molloy 2001). A series of plywood sheets, covering 36m², 

were placed surrounding the hearth in order to determine the extent of artefact dispersal 

from the fire. In order to prevent fire damage to the sheets, a layer of peat was placed 

surrounding the hearth, laying over the edges of the plywood. 

 

Size grades B.Q. (g) R.Q. (g) M.Q. (g) P.Q. (g) Total (g) 
≥10<15mm 4.48 3.35 3.02 6.2 17.05 

≥15<20mm 6.97 12.37 15.85 8.25 43.44 

≥20<25mm 21.9 25.18 23.73 20.6 91.41 

≥25<30mm 40.23 43.15 78.56 37.33 199.27 

≥30<35mm 77.11 48.48 51.16 89.31 266.06 

≥35<40mm 83.43 103.68 104.08 72.18 363.37 

≥40<50mm 164.6 195.23 205.33 158.14 723.3

Total 398.72 431.44 481.73 392.01 1703.9 

Table 8-1 Pre-burning weight for 10 artefacts per size grade 
 

The fire was set and fuelled for one hour; the assemblage was then placed in the 

centre of the hearth, in a manner to allow all of the assemblage an equal chance of 

burning. While the temperature of the fire was not taken, it can be estimated at over 

500ºC (Urbas and Parker 1993). After a further two hours the fire had cooled enough to 

begin removing the assemblage from the hearth and begin the sieving, using the 5mm 

and 1mm sieves. The peat surrounding the hearth was also sieved and the hearth was 

trowelled back until unburnt soil was exposed.   

 

 

8.4 Results 

8.4.1 Visible signs of burning 
 

Once placed in the fire, the immediate visible sign of burning was what appeared as 

a bleaching of the assemblage in the fire, which occurred at the same time as a 

significant amount of crackling was heard. Most of the artefacts turned a pure snow 

white, losing their generally metallic grey hue. Even when in direct contact with flames 

and red hot coals almost none of the quartz exhibited blackening at all. Another 

concurrent immediate effect was the development of a salmon pink and burnt orange 

hue in places on many of the artefacts. Both these colour alterations were noted 
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immediately. Figure 8-1 shows the fire once cooled, three hours after the assemblage 

had been deposited into the hearth. 

 

Once the artefacts were removed from the fire it was clear that the four sources 

reacted differently, albeit subtly, depending on the mineral inclusions present within the 

matrix of the vein quartz. Table 8-2 gives the pre- and post-burn characteristics for the 

four sources. In terms of the primary hue (Figure 8-2), all the materials began as 

metallic grey and all but the R.Q. turned white; the R.Q. only partially turned white.  

 

The secondary hue – caused by iron and inclusions of the psammite matrix – of the 

materials was not apparent on all the pre-burnt artefacts, and when present it was 

usually confined to small patches, apart from the B.Q. when it was more extensive 

(Figure 8-2). For the M.Q. and B.Q., the secondary hue was formed by iron causing a 

pale yellow hue, while the P.Q.’s grey hue was formed by an intermixing of the parent 

psammite into the vein quartz matrix as well as iron. The M.Q.’s secondary hue 

changed to a burnt orange, and the P.Q.’s and B.Q.’s changed to a salmon pink/burnt 

orange.  

 
Material source Stage Primary Hue Secondary Hue Grain Opacity 

Metadolerite Pre-burn Metallic grey Pale yellow Smooth Semi-opaque 

 Post-burn White Burnt orange Smooth Opaque 

Rose Cottage Pre-burn Metallic grey - Sugar/smooth Translucent 

 Post-burn White/metallic grey - Sugar/smooth Semi-opaque 

Psammite Pre-burn Metallic grey Grey Sugar Translucent 

 Post-burn White Salmon Pink/Burnt Orange Sugar Semi-opaque 

Beach Pre-burn Metallic grey Pale yellow Sugar/smooth Semi-opaque 

 Post-burn White Salmon Pink/Burnt Orange Sugar/smooth Semi-opaque 

Table 8-2 Pre- and post-burn characteristics 
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Figure 8-1 Quartz in hearth three hours after initial deposition 
 

 
Figure 8-2 Colour change. Top left: B.Q.. Top right: M.Q.. Bottom left: P.Q.. Bottom right: R.Q. 
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Figure 8-3 Backlit artefacts, highlighting opacity change on similarly thick artefacts. Left: B.Q.. 
Right: M.Q. 
 

In terms of the texture, or granularity, of the materials, the unburnt materials were 

described as either sugar, sugar/smooth, or smooth. The ‘sugar’ texture describes the 

quartz crystal grains that appear like granulated sugar that has been moistened and 

subsequently dried, allowing some of the grains to meld. The smooth grain texture is 

where the crystal grains are not readily apparent, even though the thin sections 

discussed in Chapter 6 have shown that the individual crystals are nevertheless large (1-

5mm). Sugar/smooth lies between the two textures. The B.Q. and R.Q. are 

sugar/smooth. Over all, there was no visible change to the texture. Analysis of the thin 

sections noted little to no effect of burning on the texture or crystal structure: 

undulose extinction and most sub-grain boundaries are little affected, if at 
all, by heating. However the lamellar structures are absent in the burnt 
samples. The reason for the loss of the lamellar structures is unknown but 
might reflect the release of strain in the crystals during heating” (Menuge 
2009b).  

 

While no change was noted to the texture, the changes in the materials’ hue, especially 

the secondary hue, accentuated some of the grain patterning by creating a greater degree 

of contrast in the material. This didn’t apply to the M.Q., which retained its smooth 

appearance, or to R.Q. which had less of a colour change and no secondary hue. 

 

The unburnt materials’ opacity was divided into translucent and semi-opaque. The 

M.Q.’s opacity changed from semi-opaque to opaque, and the change was the most 

uniform of all the materials. The B.Q. began and ended as semi-opaque, but the level of 
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opacity increased slightly. Both the P.Q. and R.Q. changed from translucent to semi-

opaque with the latter’s opacity increasing to a lesser extent. Figure 8-3 uses a back 

light on pre- and post-burnt B.Q. and M.Q. artefacts with similar thicknesses to 

highlight the change in opacity. The thin sections suggest that two factors may create 

the reduced transparency in the samples.  

1. Decrepitation of fluid inclusions. Fluid inclusions are formed from the hydrothermal 

fluid in which the quartz crystals grew; on cooling, bubbles of fluid are trapped, 

within which is a bubble of vapour. During the burning experiment the heat from the 

fire, as well as the consequent fractures, led to the escape of the fluid, called 

decrepitation. (The pre- and post-burn fluid inclusion can be seen in Appendix 5.) 

This “loss of liquid increases the refraction of light passing between quartz crystal 

and the inclusion and so decrepitated inclusions block more light than those which 

are mainly liquid filled” (Menuge 2009b, 4). 

2. Formation of microfractures. There was a distinct increase in the quantity of 

microfractures in the burnt samples. “Microfractures can also reduce the 

transmission of light in a similar way to inclusions, by refraction of light when it 

crosses a fracture. Whilst light can also travel along fractures so that they appear 

bright in thin section...the overall effect of many microfractures in many 

orientations in a hand sample should be to reduce light transmission. 

However, Menuge (2009b) is uncertain whether these two factors are the main cause of 

the increasing opacity. 

 

All the quartzes had an initial vitreous lustre; the P.Q. has a lesser vitreous lustre 

because of the contamination of the psammite parent into the vein quartz matrix giving 

a general duller appearance in places, but where the quartz was less contaminated, it had 

a vitreous lustre. After burning the artefacts were generally dulled giving a less vitreous 

lustre, especially the M.Q. which became the uniformly white and duller. But the 

material all remained vitreous, just less vitreous than the unburnt material. 
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8.4.2 Fragmentation rate and extent of burning 
 

The initial 280 artefacts resulted in an assemblage of 1534 ≥1mm artefacts giving a 

greater than fivefold increase in artefacts. When removing the quartz from the fire, the 

quartz had increased in brittleness and a number of the larger of the artefacts snapped 

and/or crumbled – on returning to the artefacts two days later, the artefacts had become 

less brittle and did not crumble as easily as when initially taken out of the hearth. Figure 

8-4 highlights the changed proportions for the size ranges of the artefacts – they began 

with equal proportions, with no <10mm artefacts – while Figure 8-5 graphs the change 

in weight for the size grades. The largest artefacts (≥40<50mm), were reduced from 40 

artefacts to 31, and the ≥35<40mm artefacts had a similar reduction in quantity. While 

the pre-burnt assemblage contained no ≥5<10mm artefacts, the post-burnt assemblage 

consisted of 12.8% of that size range; <15mm artefacts initially accounted for 14.3% of 

the assemblage, and after burning they accounted for 80.5% of the assemblage, with the 

<5mm artefacts accounting for the majority of that proportion. The thin sections showed 

an increase in both macrofractures and microfractures in the burnt samples (Menuge 

2009b). The macrofractures in the burnt samples developed along quartz grain 

boundaries and/or within crystals. 

 

Overall, 93% of the ≥5<10mm artefacts exhibited signs of burning (Figure 8-6). The 

≥1<5mm fragments proved difficult to identify as burnt so this category was not 

quantified. Similarly, the ≥5<10mm group had the lowest rate of visible burning – this 

is not necessarily because these fragments were not ‘burnt’, but that these smaller 

fragments are more difficult to identify as burnt. The R.Q. was the most difficult to 

identify as burnt, possibly because this quartz contained less fluid to turn white, thus 

appearing unburnt; conversely, some of the artefacts may in fact have remained unburnt, 

and coincidentally have been only the R.Q.. This, however, does not seem likely. For 

the burnt ≥25mm artefacts, it was reasonably easy to categorise the source materials of 

burnt artefacts (Figure 8-7). For the <25mm artefacts, however, it was harder to 

categorise them by source material due to the general similarities of the sources, so they 

were labelled as “?” source. 
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Figure 8-4 Post-burning size grades. Pre-burn assemblage had similar 
proportions (14.3%) of each of the seven initial size grades and no <10mm 
debitage 

 

 
 

Figure 8-5 Pre- and post-burning weight 
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Figure 8-6 Percentage burnt 

 
Figure 8-7 Post-burning quartz count by source and size grade.  
Pre-burn assemblage had 40 artefacts per size grade
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8.4.3 Spatial distribution 
 

As discussed above, a 36m² area was covered with plywood sheets in order to catch 

any artefacts that were expelled from the hearth (Figure 8-8). A minor proportion 

(0.85%; n=13) of the artefacts were expelled outside of the hearth – the hearth zone is 

defined here as any area of burning, and the final hearth was approximately 1.4m². The 

layer of peat surrounding the hearth was low, and therefore would not have blocked 

pieces being expelled. The expelling of the small fragments started within minutes of 

the deposition of the assemblage into the fire and continued sporadically for at least 1½ 

hours. None of the artefacts were expelled in the prevailing breeze’s direction. The 

furthest expelled artefact noted was 2.8m from the hearth’s centre. This may imply that 

some pieces could have been expelled further than the area monitored. Most of the 

expelled artefacts fell within 1m radius of the hearth centre. The greater bulk of the 

artefacts’ movement was limited to within the hearth itself. Figure 8-8 shows the initial 

and final position of the quartz, the extent of the hearth, and the position of the 13 

expelled artefacts; within the hearth, the final area covered by the quartz was double the 

initial area.  

 

 
Figure 8-8  Spatial distribution of hearth extent and artefacts expelled from hearth 
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8.5 Overview and Discussion 
 

The burnt quartz experiment sought to investigate three aspects of burnt quartz in 

order to develop a framework for identifying and analysing burnt quartz in the 

archaeological record: visible characteristics, fragmentation rate, and spatial 

distribution. The effect of burning on the visual characteristics of the quartz was 

apparent immediately on placing the artefacts in the fire, with the assemblage turning a 

snow white. However, differences were apparent with the materials, with the R.Q. 

component changing hue to a lesser degree than the other materials. The quartz with 

more abundant impurities changed as well, from grey and yellow to burnt orange and 

pink. The change in opacity was apparent for all materials but varied; for the M.Q., the 

least granular of the quartzes, the change was the most uniform, while for the B.Q. the 

change was slighter. The burning dulled all the materials, giving them a less vitreous 

appearance; this was especially the case for the M.Q.. The lustre of the quartz is difficult 

to be precise about, and difficult to assess possible heat related changes without a 

similar sample to compare with. All the materials were still in effect vitreous, just less 

so. There was no difference in the granularity of any of the materials. The only effect 

noted was that the hue change created a contrast, accentuating the grain texture – this 

accentuation of grain texture might be due to some grain boundaries becoming the sites 

of macrofractures (Menuge 2009a pers. comm.): however, this effect was slight. The 

burning also increased the amount of visible macrofractures on the artefacts. While 

Ballin (2008, 51) noted pitted and peeled off surfaces as characteristic of burning, 

neither of these were visible on the Belderrig burnt quartz. 

 

In terms of macroscopic visual characteristics of burnt quartz in archaeological 

contexts, therefore, a key consideration is what an unburnt sample of the raw material 

looks like. While a given artefact may appear as dull, opaque, with numerous fractures, 

the source of that material should be examined to determine whether the dullness and 

opacity is related to its source or burning; multiple fractures are not a useful 

characteristic for identification as these are common anyhow. The impurities, such as 

iron, in the quartz changed their hue the most, therefore these can be a useful indicator 

of burning. In terms of the microscopic visual characteristics, the thin sections have 

shown that the decrepitation of fluid inclusions is a signature of burning at high 

temperatures. 
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The effect of burning on the fragmentation of the quartz artefacts was dramatic, with 

a greater than fivefold increase in the assemblage’s quantity.  The 80 ≥35mm artefacts 

were reduced to 61, while the ≥15<25mm size grades almost doubled in quantity. The 

most dramatic difference was the smaller artefacts – the ≥1<10mm began with no 

artefacts and ended with 1128. This has serious implications for any analysis of a burnt 

quartz assemblage, or assemblages that contain burnt quartz. Problematically, it was 

noted that these smaller fragments are the most difficult to identify as being burnt. 

However, assemblages with significantly high proportions of smaller fragments may 

suggest evidence of burning, other depositional and post-depositional factors 

notwithstanding.  

 

The spatial analysis of the hearth has shown that, while the quartz fractures 

dramatically, there is less of an explosive expelling of artefacts from the hearth than 

with flint (see Sergant et al. 2006). Very few artefacts were expelled outside of the 

hearth, with most movement occurring over centimetres, resulting in a reasonably 

contained final hearth spread. The lack of explosive movement compared to the flint 

may relate to the lesser proportion of fluid in quartz compared with flint, resulting in 

less pressure during heating. In terms of a comparison to the fragment rate with the flint, 

this is not possible, as Sergant et al. (2006) do not provide a breakdown of the pre- and 

post-burn size grades.  
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9 Case study 1: Belderrig quartz scatter 
 

9.1 Introduction 
 

This chapter details the analysis of a part of the Belderrig quartz assemblage. 

Section 9.2 introduces the excavations at Belderrig, Co. Mayo and details the Trench 

Two component of the excavation which is the focus of the present analysis. Section 9.3 

describes the geological and palaeoenvironmental context of the area pertinent to the 

Mesolithic and Neolithic periods. Section 9.4 concerns the analysis of the quartz from 

Trench Two, beginning with the condition and sources of the quartz in Section 9.4.1; 

Section 9.4.2 discusses the cores and debitage for all contexts, with the C.203 group 

covered in Section 9.4.3, C.206 in Section 9.4.4, C.202 in Section 9.4.5, and C.205 and 

C.215 in Section 9.4.6. Section 9.4.7 outlines the non-quartz component of the 

assemblage. Section 9.5 concludes the chapter with an overview and discussion of the 

analysis. 

 

 

9.2 Excavation background 
 

As outlined in Chapter 3, north Mayo has received a wealth of archaeological 

attention, beginning with the early twentieth century discovery of Neolithic and Bronze 

Age field systems. A local schoolteacher, Patrick Caulfield, was a key figure in the 

recognition of the sub-blanket bog walls as being prehistoric, and his early discoveries 

were elaborated on by his son, Seamas Caulfield, who eventually became an 

archaeologist at UCD and continued surveying and mapping the field systems (e.g. 

Caulfield 1983; Caulfield et al. 1998).  

 

The quartz-dominated lithic scatter (Irish Grid Reference F992415) at Belderrig 

harbour was first noted by Patrick and Seamas Caulfield – the scatter was eroding from 

the cliff close-by to Seamas Caulfield’s Belderrig home; over the years they collected 

material as it was eroding out of the cliff face. At the point where the archaeological 

material – which included organic material such as hazelnuts and fish bone – was being 

eroded was a section of the cliff which was experiencing substantial erosion, caused by 
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changes in the up-slope drainage regime (Warren 2005b). The Mesolithic character of 

the quartz lithic scatter was noted by Woodman et al. (1999) and Costa et al. (2005), 

and Woodman also took organic samples from the erosion scar (Warren 2005b).  

 

Warren inspected the site in 2002 with Caulfield and began fieldwork in 2004 

consisting of test pit survey, monitoring of erosion scars coupled with geophysical and 

topographic survey (Warren 2005b). From this, the 2005 season involved the excavation 

of a further six test pits, the complete excavation of a c. 4m x 3m trench (Trench Two) 

located on the surmised concentration of lithics (and organic material identified in the 

cliff face) close to the erosion scar, a further 1m x 0.5m trench (Trench ‘Cliff’) on the 

cliff edge itself targeting a visible exposure of fish bone, and the initiation of the 

excavation of a 30m x 2m trench (Trench One) running upslope starting a few metres 

from the erosion scar, and attempting to connect the concentration of stone tools with 

sub-bog structural features including field walls (Warren 2005b). In 2006 another 1m x 

0.5m trench (Trench Three) was excavated on the cliff close to Trench Three and 

Trench ‘Cliff’; excavations continued in Trench One in 2006-2008 with a substantial 

annex to Trench One also excavated (Plan 1). 

 

Trench One, Trench Two, Trench Three, six test pits and along the cliff edge have 

shown that a part of the Mesolithic activity at the locale consisted of the construction of 

stony layers/platforms (Plan 1 and Plan 2), with Mesolithic dates returned for activity in 

and below these stony layers. Trench One and its annex uncovered Neolithic structural 

activity in the form of field walls, cairns, and a horseshoe-shaped structure (Warren 

2009b). The date range of the excavations shows intermittent activity for over two 

thousand years, from the Later Mesolithic to the end of the Neolithic (Appendix A- 50). 

 

 

9.2.1 Trench Two 
 

The quartz assemblage from Trench Two (hereafter TR2) has been selected for the 

following analysis. Graeme Warren suggested that the TR2 assemblage would be a 

suitable assemblage as it provided a completed trench with excellent spatial and control 

over the data, including presumably in situ material. The trench was excavated in 50 cm 

squares, identified through an alphanumerical system (A1, A2, etc.); all spoil was dry 
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sieved through a 5mm mesh (Warren 2005b). Initially, an attempt to record the 3D 

location and angle of dip of all ≥30 mm laminar artefacts where the angle of rest in the 

soil could confidently be ascertained was made. However, problems with the 

recognition of quartz in the field, the non-laminar character of many artefacts and the 

highly compacted stony layers means that this data is of little use (Warren 2009a pers. 

comm.) and is excluded from this study, which uses the grid square as the primary 

spatial information.  

 

There are some difficulties with the TR2 assemblage which should be noted. The 

first difficulty occurred in 2007, while TR2 artefacts were being washed by student 

volunteers in the Belderrig Research Centre – the error occurred because students took 

out and washed lithics from a number of contexts and squares without properly noting 

where they had derived from – it is thought, however, that the contexts themselves were 

not mixed up, and the problem concerns the inter-context spatial information. This error 

was caught quickly, and it was decided that I would take over the job of washing the 

rest of the artefacts myself at a later stage. A note from Warren concerning this mix up 

is in Appendix A- 52. 

 

Appendix A- 52 shows that all squares from C.200, the sod layer, were mixed up; 

for C.202 a third of the rows of squares were mixed up; for C.205 five squares from one 

row were mixed up. Because of this, it was decided to complete a preliminary catalogue 

of all the material, and subsequently exclude the mixed up material from full analysis. 

Consequently, for C.202 a full analysis was completed on 50% of the rows (which 

provided over 900 artefacts) hence excluding the two mixed up rows and also excluding 

Row 3, which left the alternate Rows 2, 4, and 6 for full analysis. For C.205, the 

problem was negligible as only nine artefacts were involved in the mix-up, and were 

simply excluded from the analysis.   

 

A second difficulty arises from issues concerning contexts; Warren has provided the 

following comments on the Trench Two contexts. 

The interpretation of Trench Two, which was completely excavated in 2005, 
is greatly facilitated by the ongoing interpretation of the much larger Trench 
One, which was also more extensively sampled in order to understand site 
formation. Notably, in retrospect, some ambiguous features and layers in 
Trench Two, especially those below the stony layers, were not accorded the 
attention that they may have deserved, and are not well represented in 
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plans/archives. Inevitably given the reliance on student volunteers minor 
inconsistencies in recording and recognition of very subtle archaeological 
features and distinctions are present, and the ongoing programme of post-
excavation work is engaging with these problems (Warren 2009a pers. 
comm.). 

In terms of the present analysis, Warren suggests that for the main layers these problems 

should not negatively affect the analysis. 

  

 

9.2.2 Trench Two contexts 
 

TR2 is located at the point of the substantial erosion scar, in-between the cliff and 

the bank, with the eroded pathway running over the trench (Figure 9-1). Quartz artefacts 

were visible on the surface of TR2 before excavation, with the thin layer of turf/peat 

having been eroded away along the thoroughfare. A full account of the stratigraphic 

sequence for TR2 appears in Warren (2005b). A brief description is provided here, 

based on the 2005 Belderrig Report (Warren 2005b) and from Warren (2009a pers. 

comm.). The contexts in TR2 proved to be complex, with the main artefact-bearing 

layers’ boundaries proving to be difficult to define from each other. A 

micromorphology analysis was conducted on the cliff face in order to interpret the 

context of context formation (Guttman 2005) and this will be supplemented by further 

analysis of micromorphological samples from Trench One (Warren 2009a pers. comm.).  

 

While Trench One and the test pit ‘X’ on the east side of the bank from TR2 had 

significant depths of peat, TR2 was characterised by comparatively thin peats – as is the 

entire cliff edge running southwards towards the harbour. This is provisionally 

interpreted as being a signature of cut-away bog, which respects the bank to the east, 

forming a post-medieval trackway (Warren 2005b).   

C.200: The sod, C.200, which contained numerous artefacts, overlay thin lenses of 

sand (C.201) and marls (C.207) – both of which were “assumedly sub-peat waterborne 

or other erosional features” (Warren 2005b) – and peat (C.208). 

C.202: A root-penetrated brown clay mineral soil with high stone content, which 

“was very artefact rich, but has clearly suffered from erosion and is present in variable 

depths” (Warren 2005b).  
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C.206: Under C.202 was C.206, a metalled layer which was “much more formal 

than anything else we have seen in Trench One, and respects the field bank” to the east 

(Warren 2009a pers. comm.). C.206 was also artefact-rich, and may be a modification 

of the upper levels of the context below (C.203) – this modification may be related to 

the surmised post medieval trackway; Warren (2009a pers. comm.) notes that a 

“possibility is that the true horizon…[of C.206] was missed in this trench, possibly 

because of [this] later disturbance”.  

C.203: C.203, which merges/underlies C.206 “is a compact dark brown clay sand 

with many stone inclusions, especially at its top: it contains abundant artefacts, many of 

which appear to be in situ [sic]. Artefacts are found throughout C.203, and were often 

compacted within the stone inclusions” (Warren 2005b); “[i]nitially interpreted as a 

sealed land surface, we might also see the upper parts of…[C.203] as part of the stony 

layers” (Warren 2009a pers. comm.). The micromorphology analysis suggested that 

C.203 represents a pre-peat, very biologically active woodland topsoil; because of its 

shallow nature, the context had probably been either compressed, truncated or subject to 

erosion (Guttman 2005). 

C.205: C.205 “is often described as co-eval with 203, but with much less charcoal 

staining (it appears to be slightly different in date, and is sometimes described as below 

203 in the records)” (Warren 2009a pers. comm.).  

C.211: Located beneath C.203 and described as a residual peaty layer. In places it 

was very thin, while where thicker it has been interpreted as being “sometimes in 

possible features such as irregular stake-holes or hollows or scoops…it is possible that 

these deposits of 211 were the fill of features, such as pits and irregular hollows, similar 

to those excavated in Ferriter's Cove…It is also possible that the four small irregular 

shaped holes found in F6 are stake-holes, although field interpretations suggested that 

they were stone holes…They were irregular in plan and three of the four were vertical 

in profile. They ranged in surface diameter between 10-12cm with a max depth of 8cm. 

These small holes were located to the east of the large irregular pit-like depression” 

(Warren 2005b). 

C.215: Appeared in just one 0.5m² square, underneath C.203, and was described as a 

sandy peat lens. 

C.214: Sealed subsoil C.209 in places – it is interpreted as a possibly heavily 

leached organic soil horizon. 

C.209: Subsoil. 
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Figure 9-1 Top: facing east. People congregating on top of erosion scar; Trench Two to immediate 
right; foreground showing psammite bedrock on top of domed metadolerite intrusions; base of cliff 
is shattered psammite bedrock in form of large tabular boulders. Bottom left: facing south. Pre-
excavation Trench Two in middle ground in-between two volunteers with bare soil and rocks 
visible. Bottom right: facing north. Mid-excavation Trench Two with eroded pathway leading up to 
it along cliff and bank to right; Trench One beyond to right 

 

Table 9-1 highlights that the three main artefact-bearing contexts are C.202, C.206, 

and C.203; all three are dominated by vein quartz artefacts with minimal amounts of 

rock crystal and non-quartz artefacts. C.203 is interpreted as pre-peat woodland topsoil, 

which is artefact-rich and subsequently compressed, truncated, or eroded. This context 

has hazelnut shells dated to c. 4300-4500 cal BC (Appendix A- 50). C.203 has 

extensive, if irregular stone in its upper layers, where there is an interface with C206, 

which is the formal stony layer. Correspondent dates from the stony layer in Trench 

Three place activity in this context at c. 4000-4200 cal BC (Appendix A- 50). 
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Context Vein quartz Rock crystal Non-quartz 
20017 527 - 7 

202 (50% sample) 907 13 3 
206 1736 9 19 
203 2226 8 29 
205 126 - 5 
215 131 - 5 
211 99 - 3 
214 20 - 8 

Total18 5772 30 79 
Table 9-1 BDG TR2 artefact quantities; non-quartz includes seven hammerstones 

 

The metalled layer, C.206, may have been modified in the recent past as part of the 

cutaway and track outlined above, but may also be in situ. If C.206 has been disturbed 

then the upper layers of C.203 are also likely disturbed and C.202 also results from later 

disturbance.  Alternatively, if C.206 is unmodified, then by comparison with Trench 

One, C.202 layer is also in situ and should post-date the main construction of the 

platforms (Warren 2009a pers. comm.). C.214 is the only context with a substantial 

proportion of non-quartz artefacts. 29% of the 28 artefacts were chert and flint flakes; 

C.214 is interpreted as a leached soil horizon and lay under C.203, the woodland soil. 

For the following analysis, both C.211 and C.214 were grouped with C.203. 

 

 

9.2.3 Trench Two ecofacts 
 

Along with the hazelnuts mentioned above in relation to the dating, TR 2 produced a 

limited amount of fragmented fish bone. In order to widen the scope for the analysis of 

the faunal record, a small section of the immediate cliff edge was excavated, where the 

fish bone was noted in the exposed cliff face. The analysis suggested that the fish bone 

was highly fragmentary and poorly preserved; the two identified species were conger 

eel and ballan wrasse, both of which represent shallow water, rocky shore catches 

(Parks 2006). 

 

 

                                                           
17 Because C.200 was tallied during the preliminary catalogue, this count is approximate as the catalogue 
for C.200 may contain some natural pieces. 
18 Approximate total; see footnote above. 
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9.3 Environmental background 

9.3.1 Geology 
 

The following description of the north Mayo geology is abbreviated from Long et al. 

(1992). A simplified geology of the north coast of Mayo (Figure 9-2), running from 

west to east and forward chronologically, begins with the Precambrian Erris Complex 

which has two main components, the oldest of which is comprised of c. 1900 million 

year-old granitic rocks metamorphosed to gneiss c. 1000 million years ago and the 

younger being 950-650 million year old greywackes metamorphosed to schists.  

 

 
Figure 9-2 North Mayo bedrock geology; data adapted from GSI (2005a; 2005b) 

 

After these are the Dalradian Supergroup, composed of metamorphosed sedimentary 

rock – quartzite and psammitic rock (both of which are metamorphosed sandstone) – 

with subordinate volcanic and intrusive rocks which includes vein quartz. The psammite 

at Belderrig is part of this Supergroup; the metamorphosing of the Dalradian began 

from c. 750 million years ago. C. 400 million years ago the Caledonian Igneous Suite 

began to form, with small intrusions on the north coast at Belderrig in the form of 
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dolerite, which subsequently metamorphosed to metadolerite. C. 360 million years ago 

the Carboniferous Period began with the sandstones, limestones (with consequent 

cherts), shales, siltstones and mudstones and so forth subsequently occurring, with 

limestone to hence dominate as 60% of present-day Irish bedrock. 

 

From this simplified geological description, one can see that vein quartz occurs in the 

immediate vicinity of Belderrig in relation to the psammite and the metadolerite, as well 

as further to the west and southwest, with the extensive bog coverage today masking 

possible sources of vein quartz away from the coast. The largest noted quartz vein is 

located on Achill Island – which is dominated by quartzites and psammites – southwest 

of Belderrig where a vein estimated at about 85,000 metric tons of high purity quartz 

has been mined, primarily for architectural chippings (Long et al. 1992, 34). To the east 

of Belderrig, the series of carboniferous rocks dominate, producing the sandstones, 

mudstones, siltstones, and chert-bearing limestones. 

 

 

9.3.2 Palaeoecology 
 

The quaternary deposits in north Mayo were principally laid down during the last 

glacial retreat, with Long et al. (1992, 31) noting that the movement of the ice in north 

Mayo “was one of the most complex anywhere in Ireland”. There is currently no data 

concerning the Mayo coast Holocene sea levels (see Brooks and Edwards 2006). The 

consequent post-glacial mineral soil is comprised of glacial till – clays, silts, muds, 

sands and gravels – as well as medium and large glacial erratics. Today, the landscape 

of Belderrig is practically bereft of trees, with heather-covered blanket bog giving way 

to rough pasture on blanket bog.   

 

During the Mesolithic the region was forested, consisting of full, mixed woodland 

on mineral soil, dominated by pine along with oak, elm, birch, and hazel as canopy trees 

(O'Connell and Molloy 2001) (Appendix A- 51). The forest would also have been 

interspersed with blanket bog; peat from a low ridge beside this project’s source of Rose 

Cottage quartz in the Belderrig valley dates to 4358-4767 cal BC19; in west Mayo a pine 

                                                           
19 5710±90 BP, UCD-C46; OxCal v. 4 Bronk Ramsey (2008); IntCal04 Atmospheric curve Reimer et al. 
(2004). 
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on 80cm of peat dates to 6124- 6597 cal BC20 with the peat underneath the pine dating 

to 7517- 8206 cal BC21 (Caulfield et al. 1998, 637-8). The pollen diagram in Appendix 

A- 51 from the Céide fields, a few km to the east of Belderrig, shows signs of pre-

Neolithic basin peat and woodland firing, with the authors commenting that it is not 

possible to ascertain whether this was a deliberate or natural forest fire(s) (O'Connell 

and Molloy 2001, 103-4). A well-defined Neolithic landnam began a century after the 

initiation of the Elm decline, with the latter taken to be c. 3890 cal BC; the landnam was 

characterised as “substantial-to-widespread woodland clearance and intensive pastoral 

farming” which continued for c. six centuries followed by a lull in farming evidence for 

a further c. six centuries, after which low level activity once again is apparent 

(O'Connell and Molloy 2001, 116).  

 

 

9.4 Analysis 

9.4.1 Quartz condition and sources 
 

The following analysis primarily concerns the vein quartz component of the TR2 

assemblage, therefore where the term ‘artefact’ is used this implies vein quartz unless 

stated that other materials are included. All of the quartz from TR2 appears in a fresh 

condition, with sharp edges. Pieces with sub-rounded and rounded edges – generally 

smaller fragments – were regarded as natural quartz and excluded from further analysis. 

One difficulty noted with the analysis of the vein quartz artefacts was ascribing a time 

period to some of the fractures. Initially, a distinction was made regarding the staining 

on the artefacts, whereby areas that were heavily stained were deemed to be old 

surfaces. During the accidental breakage of a number of artefacts during washing and 

measuring, it became apparent, however, that macrofractures in the artefacts allowed 

fluid to penetrate thereby leaving a residue and creating stains on the interior of the 

artefacts. When these artefacts broke (inevitably) along the macrofractures, the fresh 

breaks were therefore stained, giving the appearance of older breaks. Consequently, the 

use of staining to identify old breaks is irrelevant. Indeed, a possibility may be that fresh 

                                                           
20 7530±100 BP, UCD-C48; OxCal v. 4 Bronk Ramsey (2008); IntCal04 Atmospheric curve Reimer et al. 
(2004). 
21 8660±130 BP, UCD-C54; OxCal v. 4 Bronk Ramsey (2008); IntCal04 Atmospheric curve Reimer et al. 
(2004). 
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breaks, or breaks created at some stage after deposition in soil may in fact be identified 

by heavily stained surfaces, as the residue deposited by the fluid in the macrofractures 

may stain the quartz more thoroughly than a surface open to the soil.   

 

Following from this, a related issue concerns to what extent the development of 

fractures in the artefacts has occurred since deposition. During knapping, numerous 

incipient fractures in the quartz were noted, and on returning to the experimental 

assemblage on a number of occasions over the course of the analysis of the 

assemblages, many smaller, and some larger, artefacts had fragmented further even 

though they were individually bagged and handled carefully. Therefore, it is likely that 

such post-depositional fragmentation occurred with the archaeological material even 

without extensive or moderate trampling/disturbance and so forth. It is of course 

impossible to quantify this without further experimentation with trampling experimental 

assemblages in various degrees of burial in soil.  

 

Only 11 artefacts (0.2% of total) were noted as burnt (n = 1) or possibly burnt (n = 

10). All were debitage and from all contexts except C.206; five were from C.203 and 

came from three adjoining squares; the two from C.202 were also from adjoining 

squares, while the two from C.211 were from the same square; C.214 and C.215 had 

one each. The burning experiment discussed in Chapter 8 showed that changes in hue 

are apparent in burnt quartz, with these changes apparent on larger pieces and where the 

original hue of the quartz is known. Therefore, while a small number of burnt artefacts 

may have been missed, it appears that a very low proportion of the assemblage was 

burnt. Indeed, of the 11, 10 were described as possibly burnt and therefore may 

represent an over-count of actual burnt artefacts.  

 

5275 vein quartz and rock crystal artefacts were analysed from the five context 

groups (Table 9-2). A small number of artefacts were categorised as either 

indeterminate or as possible artefacts. The vein quartz was categorised into source 

materials where possible. The source categories used were quartz-beach, quartz-

psammite, and quartz-metadolerite – uncategorised quartz was labelled as quartz. Only 

6% (n=222) of the ≥10mm vein quartz artefacts could be identified definitively to a 

source; 3.3% to quartz-beach, 2.6% to quartz-psammite, and 0.2% to quartz-

metadolerite. For the cores, 10.9% were identified as quartz-beach, 9.1% as quartz-
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psammite, with the remainder as generic quartz and no quartz-metadolerite cores 

identified. 30 pieces of rock crystal debitage were also in the assemblage, over half of 

which was debris, with no crystal cores. It is uncertain where the rock crystal was 

sourced – today, numerous small rock crystals can be found in the spoil heap associated 

with a copper mine across the bay.  

 

Context Debitage Core Core/debitage Indeterminate/ 
Possible artefact Total 

 Count % Count % Count % Count % Count 

202 904 98.3 12 1.3 2 0.2 2 0.2 920 

206 1731 99.2 6 0.3 - - 8 0.5 1745 

203 group 2310 98.2 33 1.4 1 - 9 0.4 2353 

205 117 92.9 3 2.4 - - 6 4.8 126 
215 129 98.5 1 0.8 - - 1 0.8 131 

Total 5191 98.4 55 1.0 3 0.1 26 0.5 5275 
Table 9-2 BDG vein quartz and rock crystal artefacts analysed 

 

The preponderance of non-cortical flakes, and the low frequency of artefacts 

retaining parent rock bedding planes, precluded assigning most of the quartz to a source. 

Figure 9-3 compares the Belderrig (hereafter BDG) flakes to the Experiment flakes for 

cortex proportions. While just 10% of the BDG flakes were cortical, cortical flakes 

accounted for 42% of the Experiment flakes; 1% of the BDG flakes had 100% cortex, 

while 5% of the Experiment flakes had 100% cortex. Figure 9-4 compares the cortex 

proportions on the BDG and Experiment complete platform cores; 39% of the BDG 

cores and 76% of the Experiment cores retained some cortex. This low proportion of 

cortical artefacts suggests that the initial knapping of cobbles/blocks began away from 

the excavated trench area, with cores being brought to that area once decortified to some 

extent, as well as having bedding planes removed. The smaller proportion of cobbles 

(meaning beach cobbles) suggests the quarrying of quartz veins; these therefore are 

covered by less cortex and/or bedding planes to begin with, creating a lower proportion 

of cortical artefacts. 

 

Appendix A- 53 provides the cortex proportions for artefacts by context. Analysis 

was conducted using Multinomial Logistic Regression, using the C.203 group as the 

reference category. The C.203 group had more cortical artefacts than the other two main 

artefact-bearing contexts (C.202 and C.206) with the difference significant (χ² = 59.364; 

df 12; p = 0.000). C.205 also had more cortical artefacts than C.202 and C.206; when 

analysed excluding C.203 (using C.215 as the reference category), the difference 
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between these three contexts was significant, but weaker (χ² = 10.857; df 3; p = 0.013). 

This statistical analysis must be interpreted with an appreciation of probable intermixing 

of artefacts within the context boundaries mentioned previously. 

 

 
Figure 9-3 BDG and Experiment flakes: cortex 

 
 

Figure 9-4 BDG and Experiment complete 
platform cores: cortex

 

The visual characteristics of the >10mm materials were noted for grain, opacity, 

hue, appearance, as well as inclusions, bedding, staining, and heat alteration. Overall, 

83% of the debitage was smooth-grained, with sugar-grained at just 2%; there were no 

sugar-grained cores, suggesting a clear preference for smooth-grained material. Table 

9-3 describes the debitage, for the category groups that accounted for >1% of the total; 

these six category groups cover 82% of the total. The largest group consisted of semi-

translucent, smooth-grained, cloudy glass appearance, with a cloudy hue, followed by a 

group consisting of semi-translucent, smooth-grained, and vitreous, with a metallic grey 

hue. Almost all the rest were slight variations on the six main groupings. Indeed, the 

devised categories are not separated sharply, but rather are gradations of each other. The 

clear preference throughout the contexts was for smooth-grained quartz, but C.215 had 

the smallest proportion of smooth-grained material, followed by the C.203 group (Table 

9-4). 

 

A small number (six in total including one core) were of distinctly different quartz 

types, and unlike any quartz noted around Belderrig. It may well be that these, as well 

as other quartz in the assemblage, may represent a use and/or deposition of non-local 
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quartz in the excavated area. These six artefacts of different quartz came from contexts 

203, 205, and 206; the two from C.206 are flake conjoins. 

 

Hue Appearance Grain Opacity Total % total debitage 

Cloudy Cloudy glass Smooth Semi-translucent 998 27.7 

Cloudy Cloudy glass Sugar/smooth Semi-translucent 206 5.7 

Metallic grey Vitreous Smooth Semi-translucent 1127 31.3 

Metallic grey Vitreous Smooth Semi-opaque 188 5.2 

White Vitreous Smooth Semi-translucent 162 4.5 
White Vitreous Smooth Semi-opaque 257 7.1 
Total 2938 81.5 

Table 9-3 BDG >10mm debitage: Appearance categories that accounted for >1% of total 
 

Context Grain 

 Smooth Sugar Sugar/ 
smooth Total Smooth Sugar Sugar/ 

smooth 
Count Count Count Count % % % 

202 480 10 99 589 81.5 1.7 16.8 

206 1108 34 86 1228 90.2 2.8 7.0 

205 80 1 7 88 90.9 1.1 8.0 

203 group 1321 42 309 1672 79.0 2.5 18.5 

215 67 4 18 89 75.3 4.5 20.2 

Total 3056 91 519 3666 83.4 2.4 14.2 

Table 9-4 BDG >10mm debitage: grain by context 
 

It appears, therefore, that quartz sourced from metadolerite played a minor role in 

the material repertoire, with no quartz-metadolerite cores present. However, the 

question remains as to what extent the 94% of the debitage and 80% of cores that were 

uncategorised were sourced from metadolerite. It is also possible that the metadolerite 

sources that are today right beside the cliff (Figure 9-1) may have been covered by land 

in early prehistory, with subsequent erosion exposing them on the foreshore. 

Interestingly, the outcrops available today in the immediate locality are dominated by 

the smooth-grained metadolerite and the sugar-grained psammite. However, there was 

little evidence for the metadolerite quartz veins being utilised even though the 

assemblage is dominated by smooth-grained quartz. The psammite quartz veins today 

are predominantly sugar-grained, but the quartz-psammite identified in the assemblage 

is equally split between smooth-, sugar/smooth-, and sugar-grained quartz. This 

suggests that veins of differently grained quartz were available and utilised in 

prehistory, and/or that the use of the metadolerite quartz veins is masked by the lack of 

cortical and bedding plane signatures on the artefacts. 
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9.4.2 Quartz cores and debitage 
 

Overall, cores accounted for just 1% of the assemblage, with a further three artefacts 

categorised as core/debitage. Table 9-5 and Appendix A- 54 provide a breakdown of 

core types; including possible cores, 80% are platform cores (Appendix B- 14, 

Appendix B- 15, Appendix B- 16, Appendix B- 17), 13% are bipolar (Appendix B- 18), 

with remaining being conical pieces (Appendix B- 18) and radially split pieces; 71% are 

complete cores. Out of the definite platform cores, multiplatform types dominate at 70% 

of the assemblage. Five of the platform cores had impact points suggesting inelastic 

support, i.e. a platform-on-anvil technique – all five were from C.203. A core of 

distinctly different quartz came from C.203; it was a small dual, opposed core with no 

apparent similar debitage material noted. The only other example of a dual, opposed 

core from C.203 contained a bedding plane of indeterminate parent rock. The third and 

final dual, opposed core in the assemblage came from C.215; it was quartz-psammite, 

and was over five times heavier than the smaller example from C.203, and almost three 

times heavier than the larger C.203 example. 

 

Core type Context 

  202 206 203  
group 205 215 Total Overall % 

Platform Complete 7 2 25 3 1 38 62.3 

Fragment 1 1 4 - - 6 9.8 

Possible Platform Complete - - 3 - - 3 4.9 

Fragment 1 - 1 - - 2 3.3 

Bipolar Complete 2 - - - - 2 3.3 

Fragment 2 2 2 - - 6 9.8 

Conical piece Fragment - 1 1 - - 2 3.3 

Possible conical piece Fragment 1 - - - - 1 1.6 

Radially split Fragment - - 1 - - 1 1.6 

Total Complete 9 2 28 3 1 43 70.5 

Fragment 5 4 9 - - 18 29.5 

Grand Total Grand Total 14 6 37 3 3 61 100.0 
Table 9-5 BDG Core types; including possible cores 
 

Looking at the vein quartz debitage (Table 9-6), 31% of the assemblage is <10mm 

debitage, and flakes account for 40% of the total; 5% of the flakes are complete. (As 

noted in Chapter 5, due to the difficulties in identifying sequential breaks and sequential 

fragments consistently in the archaeological material, these categories were excluded 

from analysis.) Only three bipolar flakes were identified. For the analysis of the 

archaeological assemblages, for the categorising of flakes the definitive bipolar flakes 
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were labelled ‘bipolar’ while platform flakes and flakes in general were labelled 

‘platform’, and no third category of flake type was used. While this may deflate the 

proportion of bipolar debitage, the fact that just three bipolar flakes were noted in the 

assemblage signals strongly that the lack of bipolar debitage is more real than apparent.  

 

Debitage type Context 

 202 206 203  
group 205 215 Total 

Flake 296 701 958 59 35 2049 

Debris ≥20mm 50 47 53 - 12 162 

Debris <20≥10mm 228 467 635 25 40 1395 

Debris <10≥5mm 313 501 627 33 40 1514 
Debris <5≥1mm 4 6 29 - 2 41 
Total 891 1722 2302 117 129 5161 

% % % % % % 

Flake 33.2 40.7 41.6 50.4 27.1 39.7 

Debris ≥20mm 5.6 2.7 2.3 - 9.3 3.1 

Debris <20≥10mm 25.6 27.1 27.6 21.4 31.0 27.0 

Debris <10≥5mm 35.1 29.1 27.2 28.2 31.0 29.3 

Debris <5≥1mm 0.4 0.3 1.3 - 1.6 0.8 

Table 9-6 BDG Quartz debitage 
 

Appendix B- 19, Appendix B- 20, Appendix B- 21, and Appendix B- 22 are 

examples of complete and flake fragments, both retouched and non-retouched. Figure 

9-5 provides the max. length of the assemblage’s complete and fragmented flakes and 

complete flakes only; over half of the flakes are <20mm, with a mean length of 

21.7mm. (This accounts for length only; some flake fragments have a greater width than 

length.) For the complete flakes only, a third of the flakes are <20mm in length, with a 

mean length of 27.8mm. All but two of the 107 complete flakes are <60mm in length. 

For both flakes and debris, 80% of the assemblage is <20mm and 8% is >30mm in 

length.  
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Figure 9-5 BDG flakes: max. length histogram for complete and fragments.  
Inset: complete flakes only 
 
 

Appendix A- 55 provides the flake attributes of bulb, platform occurrence and type, 

termination, and curvature for the appropriate flake categories. 33% of the ≥10mm 

debitage had complete or partial platforms, which is approximately the same proportion 

as the Experiment dataset (see Table 6-6). Overall, just 1.8% of complete and proximal 

flakes had bulbs, with this ranging from 0% to 3.6% between contexts. 38.6% had 

complete platforms with an inter-context range of 27-50%; 42% were platform 

fragments, while 19.4% had collapsed platforms – the latter ranged from 6.3-45.9% 

between contexts. A third of the ≥20mm length flakes were straight, ranging in contexts 

between 24.1-42.9%. 82% of the distal present flakes had feather terminations, 7.2% 

irregular, 6.2% plunging, 3.6% step, with remainder being fragmented or 

retouched/wear marks.  

 

The cores and debitage do not provide any evidence of platform preparation such as 

faceting or abrasion in the chaîne opératoire from any contexts. However, during the 

experimental knapping the cores were tapped during knapping in order to loosen 

incipient fractures created from previous strikes, and the cores were sometimes trimmed 

in order to create suitable striking angles – the core tapping produced debitage that was 

indistinguishable from otherwise ‘normal’ flakes and the core trimming was not 

apparent as obvious trimming and also appeared as ‘normal’ flakes and flake scars. 

While no platform preparation was noted, on one single platform core it was clear that 
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the striking platform was set up on a veinlet in the quartz, presumably to make use of 

the existent fracture line in the block (Appendix B- 14). 

 

A small number of diagnostic types were identified. The definition of diagnostic 

types in the assemblage includes types such butt trimmed flakes and artefacts exhibiting 

retouch/wear marks. The term retouch/wear mark is used in order to include both 

possible types of modification in the identification without differentiating them. The 

shorthand of ‘retouch’ is used in the text. Appendix A- 56 lists, by context, the vein 

quartz diagnostic types, their delineation, and their angle. The majority came from the 

C.203 group, including the one example of a butt trimmed flake and one borer; a 

point/notched piece came from C.202. Along with the 30 retouched artefacts were 23 

with possible retouch. For the former, the majority had convex or rectilinear retouch, 

with the majority of both categories having an abrupt retouch angle; for the latter, 

almost half were convex, with abrupt or semi-abrupt retouch. While these 23 possible 

retouched artefacts are probably actual retouch/wear marks, a conservative approach 

was taken in this regard in order to avoid an inflation of the retouched numbers as is a 

danger with vein quartz. A more liberal approach could include them as retouched. It is 

unclear how to interpret the general sense of size clustering for the possible retouched 

seen in Figure 9-6; whether this is fortuitous or related to difficulty in identification of 

retouch on smaller artefacts is uncertain – while the possible retouched are generally 

smaller than the retouched, they are not all the smallest, and some are also larger.  

 

Appendix A- 57 compares the means for the various metrics of the diagnostic types 

and the non-retouched debitage, showing that the diagnostic artefacts are larger in all 

dimensions and weight, with the possible retouched artefacts falling in between the 

retouched and non-retouched groups. The diagnostic types were analysed with GLM. 

Using the metrics’ log transformations, the difference in mean size and weight between 

the retouched and non-retouched artefacts was significant (Appendix A- 58); the 

Bonferroni post hoc test indicates that the difference between the retouched and non-

retouched was significant for all metrics; comparing the retouched and possible 

retouched, there was no significant difference in the means, while comparing the 

possible retouched and the non-retouched the only significant difference was between 

the mean length of the artefacts – the possible retouched artefacts’ means fall in 

between the other two groups (Appendix A- 59).  
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Figure 9-6 BDG vein quartz diagnostic type: length/width ratio 

 

Figure 9-6 shows the general clustering of the possible retouched artefacts. The 

analysis was run a second time, excluding artefacts <20mm in length (Appendix A- 60). 

Again, the difference between groups was significant, with the diagnostic types heavier 

and larger in all dimensions (Appendix A- 61). The Bonferroni post hoc test indicates 

that the difference between the retouched and the possible retouched/non-retouched was 

significant for all metrics, and no significant difference between the possible retouched 

and non-retouched for all metrics (Appendix A- 62). A third test was run, using 

ANOVA, with the retouched and possible retouched grouped together, examining the 

≥20mm length artefacts. Compared to the non-retouched artefacts, the difference with 

this group’s means was significant for all metrics except for thickness, with the non-

retouched artefacts being on average smaller and lighter (Appendix A- 63). 

 

As noted in Section 9.2.2, no clear horizons were detected between the three main 

artefact-bearing contexts, and it is possible that C.206 and C.202 were disturbed 

contexts, related to a post medieval trackway. It is difficult to determine from the 

assemblage as to whether this is the case; the three main artefact-bearing contexts’ 

artefacts do not appear dissimilar, and what exact effect a disturbance of cutting away 

the bog and forming a trackway would have on the assemblage in terms of fragment 

Max Width (mm)
70605040302010

M
ax

 L
en

g
th

 (
m

m
)

90

80

70

60

50

40

30

20

10

Possible retouched
Retouched
Point/Notched
Butt trimmed flake
Borer

Diagnostic type

References lines at 1:1 and 2:1



205 

 

size is a moot point – presumably this would create a fragmented layer on top, but 

conversely add larger fragments to form a trackway. From an examination of the 

fragment sizes, it does not appear that the upper context, C.202, has a significantly 

greater degree of fragmentation, or smaller fragments than the lower contexts. Figure 

9-7 presents the proportions of fragment groups for the three main artefact-bearing 

contexts, with the fragment groups arranged with the groups with greater mean length at 

the top and mean length decreasing per group going down the chart.  

 

 
Figure 9-7 BDG C.202, C.206, and C.203 group debitage fragment groups; fragment groups with 
greater mean length towards top 

 

This graph shows that while C.202 has a greater proportion of debris, and especially 

<10mm debris, which may imply a fragmenting into indistinguishable fragments, the 

clearest difference between the three contexts is with the high proportion of smaller 

fragments from the middle context, C.206. While a certain degree of intermixing may 

have occurred during excavation, thus distorting the actual size pattern, from the data 

available it does not suggest that the upper level, C.202, is fragmented into smaller 

fragments to a greater degree – while C.202 did have proportionally more debris than 

C.206, and more ≥20mm debris, it also had proportionally more complete and lateral 

fragments than C.206 – these lateral fragments are less likely to occur from post-

depositional breakage than from knapping breaks and the retention of proportionally 

more complete flakes does not suggest more disturbance for C.202 than for C.206. 
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9.4.3 C.203 group 

9.4.3.1 Spatial distribution 
 

The C.203 group (which groups C.203, 211, and 214) accounts for almost half of the 

vein quartz assemblage, over a third of the rock crystal assemblage, and over half of the 

non-quartz assemblage including four out of the seven hammerstones (Table 9-7 and 

Figure 9-8). The four hammerstones had impact marks, but none had evidence of 

sustained or heavy usage. The artefacts were concentrated in the centre and towards the 

northeast of the trench, forming an area of 3.5m² out of the 12.25m².  

 

Material Artefact 

 Core Debitage Core/ 
debitage 

Indeterminate/ 
possible 

Hammer- 
stone Total 

Quartz 33 2302 1 9 - 2345 

Rock crystal - 8 - - - 8 

Chert 1 16 - 3 - 20 

Flint - 7 - - - 7 

Jasper - - - 1 - 1 

Psammite - 1 - - 4 5 

Quartzite 1 1 - - - 2 

Siltstone - 2 - - - 2 

Indeterminate - 3 - - - 3 

Total 35 2340 1 13 4 2393 

Table 9-7 Context 203 group artefacts by material 
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Figure 9-8 BDG C.203 group. Top left: non-quartz count. Top right: average debitage weight per 
square for debitage >2g. Bottom left: count of all quartz and rock crystal artefacts . Bottom right: 
count of debris <10≥5mm with cores indicated by count. Top left square = A1, bottom right = H6 

 

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

! !G

G

G

G

G

G

Trench extent

Rock crystal

G 1

G 2

Quartz artefacts
! 4 - 9

! 11- 15

! 16 - 28

! 32 - 61

! 66 - 82

!
93 - 99

!
103 - 134

!
137

0 21 Meters



!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

! !
111

3

3

2

2

1

1

1

1

2

2

1

1

2

1

2

2

1

1

1

#*

#*

")

#*

$+

#*

")

#*

#*

$+

#*

#*

$+ #*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#* #*

Hammer-
stone

Core Debris <10≥5mm
! 1

! 2 - 3

! 4 - 5

! 6 - 14

! 17 - 22

! 23 - 28

!33- 42

!55- 581 = core count

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

! !

Non-quartz
1
 2
3 - 4

Quartz, Count

") Borer, 1

") Butt trimmed flake, 1

#*Retouched, 1

$+
Retouched, 2

#*
Retouched, 3

#* Possible retouched, 1

#* Possible retouched, 2

! 2.24 - 3.38
! 3.99 - 4.18

! 4.94 - 10.61

! 11.39 - 13.78

! 15.79 - 20.08

! 21.09- 24.81

! 37.33

! 39.52

!76.01

Debitage >2g Average 
Weight per square

0 10.5 Meters



R

R

B

B

C

C
B = 1 Bipolar core

= 1 Conical piece

= 1 Radially split



208 

 

In order to ascertain any spatial differential in the material, the trench was divided 

into three areas based on the total quartz artefact count – the concentration (28% of the 

squares), adjacent (21% of the squares), and periphery. 55% of the assemblage came 

from the concentration and 22% came from the adjacent squares; therefore 23% came 

from the 51% of the squares forming the periphery. Figure 9-8 highlights that just under 

half of the cores was found in squares outside of the concentration and also the heavier 

debitage was for the most part also found outside the concentration; both the cores and 

heavier debitage were mostly found in the adjacent area. Analysing with ANOVA, the 

mean weight for flakes was significantly different between the three areas (p = 0.007), 

with the mean flake weight for the adjacent area over twice that of flakes from the 

periphery and 1.4 times the weight of flakes from the concentration (Table 9-8). 

 
Square number  
203 group N Mean Std.  

Deviation Range 

Concentration 540 8.15 16.56 151.51 

Adjacent 172 11.62 25.01 245.38 

Periphery 248 5.80 16.98 232.74 

Total 960 8.16 18.53 245.38 
Table 9-8 BDG C.203 group flakes: mean weight by area 

 

While the periphery generally had above average quantities of debris compared to 

both the other areas, the adjacent area had a substantially above average proportion of 

<5≥1mm debris. In terms of diagnostic types, there are a butt trimmed flake (Appendix 

B- 22), a borer (Appendix B- 21), 17 retouched (Appendix B- 20), and 14 possible 

retouched artefacts. An above average proportion of these came from the concentration; 

excluding the possible retouched artefacts, 79% (n=19) came from the concentration, 

with just one from the periphery. 

 

While no extensive refit/conjoin programme was undertaken during the analysis, 

possible refits and conjoins were looked out for and noted when present; therefore, the 

amounts of refit/conjoins noted will invariably be less than those possible within the 

assemblages. In terms of refits and conjoins, there were eight sets, with one considered 

a fresh break. One core/flake refit pairing was noted from Square A4. Five conjoin 

pairings were noted, with the respective conjoins coming from the same squares – A1, 

E4, E5, and H1. One conjoin pair came from different squares – D3 and E1; this pairing 

was of a distal and mesial fragment. It is difficult to identify if the flake conjoins 

originate from breakages during knapping or from ‘old’ post-depositional fracturing. 
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9.4.3.2 Cores 
 

This context group contained 60% of the assemblage’s quartz cores, and was 

dominated by multiplatform cores, with single platform cores at 21% (Appendix A- 54 

and Appendix A- 65). Along with the 33 cores were three possible cores and one 

possible core fragment. There were two bipolar core fragments, one conical piece, and 

one radially split core. 15% of the cores were quartz-beach, 9% were quartz-psammite, 

with the remainder being uncategorised quartz. The cores were on blocks, cobbles, as 

well as three core-on-flakes (Appendix A- 65). Five cores – three multiplatform and two 

single platform – have distal impact marks, suggesting a platform-on-anvil technique 

was used. For the complete cores, the cores on beach cobbles were generally the largest, 

as were the multiplatform cores (Figure 9-9 and Appendix A- 66; see also Figure 9-16). 

As mentioned in the previous section, two of the three dual, opposed cores from the 

assemblage came from C.203.  Both were small cores – their mean weight made them 

the smallest core type –and one had bedding from an indeterminate source, while the 

other was a cobble of a distinctly different material than the rest of the assemblage with 

no apparent resultant debitage. 

 

 
Figure 9-9 BDG C.203 group complete cores 
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9.4.3.3 Debitage 
 

29% of the vein quartz debitage is <10mm (Table 9-6); out of the three main 

artefact-bearing contexts, the C.203 group contained the smallest proportion of <10mm 

debitage, while containing the greatest proportion of cores. Two of the assemblage’s 

three bipolar flakes came from the C.203 group. Appendix A- 67 and Table 9-9 provide 

the fragment types. 3.8% of the flakes were complete, with proximal flakes accounting 

for the largest proportion after debris. Both the proportions of debris and mesial 

fragments are considerably less than the experimental datasets – in Section 6.4.1.2 it 

was noted that mesial fragments were more likely to be interpreted as debris. The low 

frequency of both debris and mesial fragments in the C.203 group may suggest a 

number of possibilities: 

1. A greater expertise of the Belderrig knappers with the material may have 

resulted in less fragmented debitage. 

2. Different method/techniques used created less mesial/debris fragments. 

3. The vein quartz used may fracture slightly differently. 

4. The C.203 group does not represent a ‘complete’ knapping floor debitage 

assemblage, as the 20% sample of the experimental assemblage did – certain 

fragment types may have been brought in and others taken away from the 

excavated area. 

 

(P) Fragment BDG 203 
group H.H.D. S.H.D. Total BDG 203 

group H.H.D. S.H.D. Total 

Count Count Count Count % % % % 

Debris 688 483 404 1575 41.8 48.1 46.1 44.7 

Complete 62 46 33 141 3.8 4.6 3.8 4.0 

Distal 249 101 100 450 15.1 10.1 11.4 12.8 

Lateral 132 93 46 271 8.0 9.3 5.3 7.7 

Mesial 106 88 111 305 6.4 8.8 12.7 8.7 

Proximal 409 194 182 785 24.9 19.3 20.8 22.3 

Total 1646 1005 876 3527 100.0 100.0 100.0 100.0 

Table 9-9 (P) fragment types and debris, excluding <10mm debris: BDG and Experiment direct 
percussion 
 

When all of the ≥5mm debitage is included in the tally, however, the proportions of 

flakes between the datasets becomes closer, with a greater proportion of <10≥5mm 

debitage in the C.203 group (Table 9-10). The clearest difference between the datasets 

is the low proportion of <20≥10mm slivers in the C.203 group, with almost three times 

less compared to the experimental assemblage. It is unclear how to interpret this lack of 
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thin debris (sliver = debris <3mm max. thickness). In terms of the four possibilities 

listed above, all may be valid, but the similarities between the smallest size grade may 

go against the first two possibilities – greater expertise or differing method/technique – 

to some extent. A possible interpretation is that some of the slivers have been 

subsequently fragmented, thus adding them to the smaller size grade of slivers – this 

could account for some of the difference including the slight increase in the smallest 

sliver size grade in the C.203 group, but not all of it. Following the fourth possibility 

listed, it is also possible that these slivers were taken away from the excavated area, 

along with other thin mesial fragments for subsequent use.  

 

Debitage BDG 203 
group H.H.D. S.H.D. Total BDG 203  

group H.H.D. S.H.D. Total 

Count Count Count Count % % % % 

Flake 958 521 472 1951 42.2 38.7 41.5 41.1 

Debris ≥20mm 53 21 17 91 2.3 1.6 1.5 1.9 

Debris <20≥10mm 532 289 235 1056 23.4 21.5 20.7 22.2 

Sliver <20≥10mm 103 174 152 429 4.5 13.0 13.4 9.0 

Debris <10≥5mm 297 167 111 575 13.1 12.4 9.8 12.1 

Sliver <10≥5mm 330 171 150 651 14.5 12.7 13.2 13.7 

Total 2273 1343 1137 4753 100.0 100.0 100.0 100.0 

Table 9-10 Debitage: BDG 203 group and Experiment dataset (P) debitage 
 

Looking at the mean thickness of the various flake fragment types, there appears to 

be no difference between the datasets, with the C.203 group similar to the experimental 

data, especially the S.H.D. component (Appendix A- 68); the greatest difference 

between the means, albeit slight, is for the mesial fragments which have a greater mean 

thickness for the C.203 group; when only flakes with a <5mm max. thickness are 

tallied, the C.203 group’s mean thickness is slightly less than the experimental dataset 

(Table 9-11). This suggests that while the C.203 group mesial fragments are generally 

thicker, for the <5mm thickness examples, they are fewer and generally thinner than the 

experimental data. Consequently, this may imply that a similar range of thin mesial 

fragments were in fact produced during the knapping, but, like the slivers, thinner 

mesial fragments may have been selected out and removed from the excavated area for 

use. Additionally, as noted in the previous section at least one of the cores had no 

apparent debitage present, and there were very few bipolar debitage noted to go along 

with the bipolar cores – hence there is a mismatch between cores and debitage. 
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Technique Mean N Std. Deviation Variance Range 

BDG 203 group 3.55 32 0.68 0.46 2.9 

H.H.D. 3.68 44 0.84 0.70 3.0 

S.H.D. 3.69 47 0.75 0.56 2.5 

Total 3.65 123 0.76 0.58 3.1 

Table 9-11 BDG C.203 and Experiment mesial flakes max. thickness <5mm 
 

For the context’s break types, a third of the flakes had no longitudinal break; of 

these fragments, the majority of the transverse breaks were uneven. Almost half of the 

flakes had uneven longitudinal breaks, with 17% siret breaks (Appendix A- 69). The 

C.203 group was compared to the experimental assemblage’s proportions of siret breaks 

using GZLM. Figure 9-10 and Appendix A- 70 compare the C.203 group debitage with 

the experimental assemblage, highlighting that the C.203 group’s siret proportions are 

aligned with the S.H.D. assemblage, falling in between the S.H.D. Elastic and S.H.D. 

Inelastic datasets.  

 

 
Figure 9-10 BDG C.203 group and Experiment siret breaks 

 

The first statistical analysis looked at technique, using the C.203 group as the 

reference category. For the techniques, the difference in siret break proportions was 

significant (Table 9-12), with the difference between the C.203 group and the S.H.D. 

assemblage not significant (χ² = 0.288; p = 0.592).22 The second analysis included the 

support; the difference in siret proportions was significant (Table 9-13). Appendix A- 

71 provides the parameter estimates: compared to S.H.D. Elastic, the difference was not 

                                                           
22 From parameter estimate. 
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significant; compared to S.H.D. Inelastic, the difference was significant, albeit weaker 

than the significant differences between H.H.D. Elastic and H.H.D. Inelastic. 

 
Tests of Model Effects 

Source Type III  
Wald χ² df p 

(Intercept) 516.804 1 0.000 
Dataset/technique 34.969 2 0.000 
Table 9-12 GZLM. Dependent Variable: Siret/non-siret Model: (Intercept), Dataset/technique. 
Reference category: C.203 group 

 
Tests of Model Effects 

Source Type III 
Wald χ² df p 

(Intercept) 456.356 1 0.000 
Dataset/technique/support 49.284 4 0.000 
Table 9-13 GZLM. Dependent Variable: Siret/non-siret Model: (Intercept), 
Dataset/technique/support. Reference category: C.203 group 

 

During the analysis of the archaeological assemblage, it was noted that the 

identification of siret breaks on non-proximal flake fragments appeared to be less than 

the experimental dataset. This difference in the datasets appeared to be as a result of the 

distal or mesial siret break fragments being harder on the archaeological samples to 

identify without the aid of platforms. Consequently, it was likely that the occurrence of 

siret breaks would be undercounted in the archaeological assemblage compared to the 

experimental assemblage, with ‘actual’ siret breaks without platforms being described 

as non-siret breaks. Table 9-14 highlights that the exclusion of non-proximal fragments 

was indeed greater for the experimental assemblage. In order to limit this bias, non-

proximal fragments were excluded from the second round of analysis on the siret break 

proportions.  

 
Siret breaks C.203 group H.H.D. S.H.D. 

Proximal and non-proximal 151 175 89 

Excluding non-proximal 148 146 72 

Difference % 2% 16.6% 19.1% 

Table 9-14 BDG C.203 group and Experiment siret breaks: all and excluding non-proximal 
 

Appendix A- 72 and Figure 9-11 give the siret break proportions excluding non-

proximal fragments, highlighting that the exclusion of non-proximal fragments changes 

the proportion of siret to non-siret breaks greatly. Nevertheless, for the experimental 

dataset the difference in siret proportions between technique/supports remained 

significant (Table 9-15). In the analysis with the archaeological data, the difference in 

siret break occurrence was significant when analysed for technique alone (Table 9-16), 
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with the difference between the C.203 group and the S.H.D. assemblage not significant 

(χ² = 1.356; p = 0.244).23 For technique/support, the difference was also significant 

(Table 9-17); Appendix A- 73 provides the parameter estimates: the difference between 

the C.203 group and S.H.D. Inelastic and was not significant; compared to S.H.D. 

Elastic the difference was significant, albeit weaker than the significant difference with 

H.H.D. Elastic and H.H.D Inelastic. 

 

 
Figure 9-11 BDG C.203 group and Experiment siret breaks: excluding non-proximal fragment 

 
Tests of Model Effects 

Source Type III  
Wald χ² df p 

(Intercept) 15.921 1 0.000 
Technique 19.069 1 0.000 
Table 9-15 GZLM. Experimental dataset; excluding non-proximal flakes. Dependent Variable: 
Siret/non-siret Model: (Intercept), Technique. Reference category: S.H.D. 
 
Tests of Model Effects 

Source Type III  
Wald χ² df p 

(Intercept) 67.334 1 0.000 
Dataset/technique 45.374 2 0.000 
Table 9-16 GZLM. Experimental and BDG dataset; excluding non-proximal flakes. Dependent 
Variable: Siret/non-siret Model: (Intercept), Dataset/technique. Reference category: C. 203 group 
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Tests of Model Effects 

Source Type III 
Wald χ² df p 

(Intercept) 496.994 1 0.000 
Dataset/technique/support 58.171 4 0.000 
Table 9-17 GZLM. Experimental and Belderrig dataset; excluding non-proximal flakes. Dependent 
Variable: Siret/non-siret Model: (Intercept), Dataset/technique/support. Reference category: C. 203 
group 
 

Therefore, excluding the non-proximal flakes produced broadly the same results in 

terms of the difference between the experimental dataset’s soft and hard hammer 

assemblages and the C.203 group. For the S.H.D. Elastic and Inelastic, however, the 

differing proportions were reversed. In the first analysis the difference in siret 

proportions with Elastic was not significant: in the second analysis the difference with 

Inelastic was not significant. This suggests that in terms of siret proportions the C.203 

group is similar to the S.H.D. assemblage, and especially the S.H.D. Inelastic 

assemblage – as noted in the previous section a quarter of the context group’s platform 

cores had evidence for inelastic support.  

 

The similarity to the S.H.D. assemblage in terms of the proportion of siret breaks 

must be seen in light of the list of possibilities mentioned above. The proportions of 

siret breaks may be altered by the removal or addition of debitage in the area. The 

expertise, along with the method/technique employed with a hard hammer, may have 

resulted more closely with what was achieved with a soft hammer during these 

experiments, i.e. thicker flakes less likely to form a siret break. Appendix A- 68 

highlights that the mean thickness for complete flakes was similar for S.H.D. and the 

C.203 group. However, as noted in Chapter 6, the difference in thickness between 

H.H.D. and S.H.D. complete flakes was not an appropriate indicator of technique. 

 

Figure 9-12 compares the mean length, width, thickness and platform width and 

thickness for the complete flakes in the datasets, highlighting that the C.203 flakes were 

on average shorter and narrower than, but as thick as, the S.H.D. flakes, and had similar 

platform dimensions. The length/width ratio for complete flakes fell primarily between 

2:1 and 1:1 with the mean length of flakes 29mm (Figure 9-13). Figure 9-14 provides 

the length by fragment group, highlighting that numerous non-complete flakes have a 

greater length than the average complete flakes, and that the majority of the longest 

flakes are proximal flakes (these long proximal flakes are distal missing flakes). 
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The experimental knapping also showed that the soft hammer component was less 

likely to exhibit the strike’s impact mark on the platform, with 79% of the complete soft 

hammer flakes having impact marks compared with 96% of the hard hammer direct and 

bipolar flakes. The C.203 group’s complete flakes had impact marks in 62.9% (n=39) of 

the cases, which also suggests the use of a soft hammer.  

 
 

 
Figure 9-12 BDG C.203 group and Experiment 
complete flakes: means 

 
 

 
Figure 9-13 BDG C.203 group complete flakes: 
length/width ratio

 
Figure 9-14 Boxplot. BDG C.203 group: median length for flakes by fragment group 
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9.4.3.4 Chaîne opératoires 
 

The C.203 group consisted of three contexts – C.203, C.211, and C.214 – with the 

main artefact-bearing context, C.203, formed on a very biologically active woodland 

topsoil, which had been compressed, truncated or subjected to erosion. While today the 

excavated area is on the cliff edge, during the time period under scrutiny the wooded 

area would presumably been at some remove from the cliff edge, close to the mouth of 

the small river. C.211 was beneath C.203 and may represent the fill of various features, 

while C.214 is possibly a heavily leached organic soils horizon sealing the subsoil. As 

with all the contexts, the clear majority of the quartz artefacts from the C.203 group are 

undifferentiated by source due to a lack of cortex and bedding planes with which to 

identify them. This context group, however, produced the significantly greatest 

proportion of cortical artefacts, albeit just slightly more than C.205. This suggests a 

pattern of preferential collecting of material by the communities of practice from 

quarried veins instead of cobbles, and possibly that cobbles were initially knapped away 

from the excavated area and brought decortified to some extent, if not almost 

completely. As well as the quartz cobbles, a number of psammite cobbles were 

collected for use as hammerstones. The cores deposited in the excavated area derived 

principally from blocks with five from cobbles. Three of the cores were core-on-flakes; 

whether this reuse of large flakes as cores was a deliberate strategy or a fortuitous use of 

the material is unclear, but only a limited amount of core-on-flakes was noted 

throughout the assemblage. However, the strategy of core-on-flakes may have been 

more prevalent but not so clearly identifiable on the resultant cores because further 

reduction of the core-on-flakes could remove visible evidence of the original flake. The 

majority of the cores were multiplatform with a large range in weight and dimensions; 

the smaller quantity of single platform cores had similar dimension means but a lesser 

range than the multiplatform. The cores show evidence for both freehand direct 

percussion and direct percussion with an anvil.  

 

While these platform cores generally appear to match the debitage – including the 

clear match of the core and flake refit from Square A4 – the two dual, opposed cores 

present a different pattern of deposition in the excavated area. Just three dual, opposed 

cores came from the assemblage, and the two from C.203 were small, thin cores one of 

which was a distinctly different quartz type derived from a cobble with no matching 
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debitage, while the other non-cobble core had an indeterminate bedding plane attached. 

This suggests that as well as the excavated area representing a knapping floor – defined 

by the extensive deposition of large and small debitage and the cores – these two cores 

may represent an importation of cores by the communities of practice which were not 

further reduced in situ but instead deposited; both were knapped with a different 

strategy than the others, and on different quartz than available locally. Additionally, 

there appears to be a low proportion of cores from this context group for the amount of 

debitage present, which may imply that not all the cores were deposited in situ. 

Moreover, the non-quartz assemblage from the C.203 group contained cores without 

matching debitage, again suggesting the deposition of cores in the excavated area but 

not in situ knapping. 

 

The minor amount of bipolar artefacts does not suggest the pervasive use of a 

bipolar technology by the communities of practice, but rather, may represent a less 

structured use of a bipolar technique, especially with just two bipolar flakes and two 

bipolar core fragments noted. Additionally, the conical piece and the radially split core 

may represent a less structured use of bipolar knapping, or indeed may be by-products 

of direct percussion, as noted by Knutsson (1988a). While the conical piece and radially 

split core were found away from the bipolar cores, the one bipolar core fragment from 

Square D3 was found with a bipolar flake in the same square, with the other bipolar 

core fragment from F5 found with the other bipolar flake in the same square; for the 

latter, both came from C.211 which is interpreted as a residual peaty layer beneath 

C.203. Whether this represents in situ knapping or the deposition of material knapped 

elsewhere is unclear, but these two pairs of artefacts clearly represent just a fraction of a 

bipolar knapping event which will result in numerous cores and debitage – especially 

considering that the cores are both fragments.  

 

Comparisons to the experimental assemblage suggest that the communities of 

practice possibly used soft hammers for knapping, and the four psammite hammerstones 

from the context group only showed evidence for minor use. If psammite, or other 

stone, impactors had been used more extensively by the communities, the impactors 

were not deposited in the area.  The cores and debitage do not provide any evidence of 

platform preparation. The minor amount of complete flakes present consisted of short, 
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narrow, thick flakes, and many of the flake fragments were of similar dimensions to the 

complete flakes. 

 

It is unclear as to what time range the deposition of artefacts the C.203 group 

represents, and it could be anything from one generation to a plethora. The spatial 

distribution shows that over half of the artefacts came from just over a quarter of the 

squares, and over a fifth came from a fifth of the squares which were adjacent to the 

main concentration. This adjacent area contained most of the cores and heavier 

debitage, possibly suggesting the working and deposition by the communities of 

practice of cores and heavy debitage in the adjacent area – which also had a 

substantially above average proportion of <5≥1mm debris – or a clearance of the larger 

and heavier artefacts from the concentration squares into the adjacent ones.  An above 

average proportion of the diagnostic types came from the concentration, including the 

one example from the assemblage of a quartz butt trimmed flake. Apart from the borer 

and butt trimmed flake, the remaining diagnostic types were all retouched flakes, with 

the retouched flakes’ mean dimensions significantly larger than the unmodified flakes. 

It is difficult to discern if the retouched artefacts represent the reuse of non-retouched 

tools, or if they represent a different kind of tool which necessitated retouch from the 

outset. An apparent lack of small slivers and mesial fragments may suggest a removal of 

such artefacts from the excavated area for use elsewhere by the communities of practice. 

Without the aid of use wear analysis, it is unclear to what extent the non-retouched 

artefacts were in fact used for varying tasks. 
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9.4.4 C.206 

9.4.4.1 Spatial distribution 
 

C.206 accounts for a third of the vein quartz assemblage, over a quarter of the rock 

crystal, and over a quarter of the non-quartz assemblage including three of the seven 

hammerstones (Table 9-18). The artefacts were mainly located in the top half 

(northeast) of the trench, with a couple of empty squares (Figure 9-15). Unlike the 

previous context group, there is less of a distinct concentration/adjacent/periphery 

divide, with a more even spread of material across the top half (northeast), and the 

lower quarter (southwest) having substantially less – the three platform cores came from 

low frequency squares in the top right, while the retouched and possible retouched 

debitage came mainly from the top half. 

 

While C.206 contained less artefacts than the C.203 group, it contained 13 conjoin 

sets, one of which was considered a fresh break and two of which were possible fresh 

breaks. All were from the same squares as their respective conjoins and the other 10 sets 

consisted of eight pairings and two sets of three. One of the three conjoined, from 

Square B1 consisted of three pieces of debris that conjoined yet were still indeterminate 

as flakes, presumably because they were mesial or sequential fragments. The second set 

of conjoined three came from Square C3, with another conjoin set from the same 

square. The remaining sets came from B2, B3, two from B4, B5, E5, and G1.  

 
Material Artefact 

 Core Debitage Indeterminate/ 
possible 

Hammer- 
stone Total 

Quartz 6 1722 8 - 1736 

Rock crystal - 9 - - 9 

Psammite - 1 1 3 5 

Chert - 4 1 - 5 

Flint - 3 - - 3 

Indeterminate - 2 1 - 3 

Basalt - 1 - - 1 

Quartzite - 1 - - 1 

Siltstone - 1 - - 1 

Total 6 1744 11 3 1764 

Table 9-18 BDG C.206 artefacts by material 
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Figure 9-15 BDG C.206 distribution. Top left: diagnostic types and non-quartz artefacts. Top right: 
average debitage weight for debitage >2g. Bottom left: count of quartz and rock crystal artefacts. 
Bottom right: count of debitage <10≥5mm; count of cores, with non-platform cores highlighted. 
Same square numbering as previous 
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9.4.4.2 Cores 
 

Compared to the C.203 group, C.206 had a very low proportion of cores, with just 

two complete multiplatform cores, one multiplatform core fragment, two bipolar core 

fragments, and one conical piece and no single platform cores; cores comprised just 

0.4% of the vein quartz component. All the cores were metallic grey, vitreous, smooth-

grained, semi-translucent quartz, with one of the multiplatform cores exhibiting a 

bedding plane of quartz-psammite; the rest had 0% cortex. 

 

Both the complete multiplatform cores were similar in size; Figure 9-16 provides the 

metrics for these cores, comparing them to the C.203 group – the two cores are amongst 

the smallest, and the mean weight is almost half of the C.203 group (Appendix A- 74). 

Looking at the bipolar cores, all were fragments; Appendix A- 76 provides the means 

for the bipolar cores. The four bipolar core fragments were similar in size to the 

complete bipolar cores. 

 

 
Figure 9-16 BDG C.206 and C.203 group complete multiplatform cores 
 

 

 

 

 

Complete multiplatform cores
C.203C.203C.203C.206C.203C.206C.203C.203C.203C.203C.203C.203C.203C.203C.203C.203C.203C.203C.203C.203

(m
m

 &
 g

)

280

260

240

220

200

180

160

140

120

100

80

60

40

20

0

Max Thickness
Max Width
Max Length
Weight

C.206C.206



223 

 

9.4.4.3 Debitage 
 

29% of the C.206 debitage was <10mm, a similar proportion to the C.203 group 

(Appendix A- 67); however, as noted there were significantly less cores. The proportion 

of debris and flakes was also similar between the contexts (Table 9-6). No bipolar flakes 

were noted. Unlike the C.203 group, there was no apparent lack of mesial fragments, 

but there was a similar diminutive amount of <20≥10mm slivers compared to the direct 

percussion experimental datasets (Table 9-10, Table 9-19, and Table 9-20). Again, there 

were slightly higher proportions of the smaller size grade of slivers, which may explain 

some of the apparent difference; alternatively, as posited for the C.203 group, some of 

these slivers may have been removed from the excavated area. 

 
Fragment C.206 

Count % 
Debris 514 42.3 
Complete 27 2.2 
Distal 198 16.3 
Lateral 35 2.88 
Mesial 153 12.6 
Proximal 288 23.7 
Total 1215 100.0 
Table 9-19 BDG C.206 fragment types and debris, excluding <10mm debris 
 
Debitage  C.206 

Count % 
Flake 701 40.9 
Debris 20mm 47 2.7 
Debris <20>10mm 397 23.1 
Sliver <20>10mm 70 4.1 
Debris <10>5mm 243 14.2 
Sliver <10>5mm 258 15.0 
Total 1716 100.0 
Table 9-20 BDG C.206 debitage types 

 

Compared to the C.203 group, C.206 had proportionally less transverse only breaks, 

longitudinal and transverse clean breaks, and was dominated by Uneven/a breaks 

(uneven longitudinal and no transverse break) (Appendix A- 69). Overall, the flakes 

were generally thinner than the C.203 group, except for mesial and lateral fragments 

(Appendix A- 68). C.206 was compared to the experimental assemblage’s techniques, 

and techniques/supports for proportions of siret breaks (Appendix A- 70 and Figure 

9-17). The proportions were the same as S.H.D. Inelastic, and less than the C.203 group. 

Using C.206 as the reference group, the difference in siret proportions was significant 
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compared with technique (Table 9-21), with the difference of a weaker significance 

compared with S.H.D. (χ² = 5.406; p = 0.020) than with H.H.D. (χ² = 57.908; p = 

0.000). For technique/support, the difference was also significant (Table 9-22); 

compared with S.H.D. Inelastic there was no significant difference; compared with 

S.H.D. Elastic the difference was significant, as it was for H.H.D Elastic and H.H.D. 

Inelastic (Appendix A- 77). 

 

 
Figure 9-17 BDG C.206 and Experiment siret breaks 
 
Tests of Model Effects 

Source Type III  
Wald χ² df p 

(Intercept) 597.136 1 0.000 
Dataset/technique 64.760 2 0.000 
Table 9-21 GZLM. Dependent Variable: Siret/non-siret Model: (Intercept), Dataset/technique. 
Reference category: C.206 

 
Tests of Model Effects 

Source Type III 
Wald χ² df p 

(Intercept) 509.525 1 0.000 
Dataset/technique/support 73.210 4 0.000 
Table 9-22 GZLM. Dependent Variable: Siret/non-siret Model: (Intercept), 
Dataset/technique/support. Reference category: C.206 
 

As with the C.203 group, the analysis was run again excluding the non-proximal 

fragments (Figure 9-18 and Appendix A- 72). For technique alone, the difference was 

significant (Table 9-23), with the difference of a weaker significance with S.H.D. (χ² = 

5.516; p = 0.019) than with H.H.D. (χ² = 50.644; p = 0.000). For technique/support, the 
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difference was also significant (Table 9-24); compared with S.H.D. Inelastic the 

difference was not significant; compared with S.H.D. Elastic the difference was 

significant, as it was for H.H.D Elastic and H.H.D. Inelastic (Appendix A- 78). 

 

Similarly to the C.203 group, C.206 is more closely aligned with the soft hammer 

dataset than with the hard hammer. Unlike the C.203 group, however, the exclusion of 

the non-platform fragments did not result in a reversal in terms of the support 

component – C.206 was closely aligned with the S.H.D. Inelastic dataset in both 

analyses, having the same proportions of siret breaks in each. Therefore, in comparison 

to the experimental data, C.206 compares with the soft hammer, with the caveats 

outlined for the C.203 group. The C.206 complete flakes exhibited impact marks to a 

greater degree than the C.203 group, but at 81.5% of the complete flakes, this is again 

similar to the experimental soft hammer component of 79%, suggesting again the use of 

soft hammers in this context. 

 

 
Figure 9-18 BDG C.206 and Experiment siret breaks: excluding non-proximal flakes
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Tests of Model Effects 

Source Type III  
Wald χ² df p 

(Intercept) 74.670 1 0.000 
Dataset/technique 52.873 2 0.000 
Table 9-23 GZLM. Excluding non-proximal flakes. Dependent Variable: Siret/non-siret. Model: 
(Intercept), Dataset/technique. Reference category: C.206 
 
 
Tests of Model Effects 

Source Type III  
Wald χ² df p 

(Intercept) 1238.977 1 0.000 
Dataset/technique/support 69.456 4 0.000 
Table 9-24 GZLM. Excluding non-proximal flakes. Dependent Variable: Siret/non-siret. Model: 
(Intercept), Dataset/technique/support. Reference category: C.206 
 

Just 2.2% of the debitage was complete flakes, compared with 3.8% from the C.203 

group. While the mean weight and dimensions of the complete flakes were smaller 

compared to the C.203 group, C.206 contained less of the smaller size range (Figure 

9-19 and Appendix A- 81), and, analysing with ANOVA, the difference in inter-context 

means was not significant for any of the metrics (Appendix A- 83). The majority of the 

complete flakes had a length/width ratio close to 1:1 with just one greater than 2:1 

(Figure 9-20). Figure 9-21 gives the mean length for the flake fragment groups, 

highlighting that the proximal group had numerous longer flakes than the complete 

flakes, and that the mean length of the lateral flakes was slightly greater than the 

complete flakes. 

 

 
Figure 9-19 BDG C.206 and C.203 group 
complete flakes: mean length, width, 
thickness, and platform width 
 
 

 
Figure 9-20 BDG C.206 complete flakes: length/width 
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Figure 9-21 Boxplot. BDG C.206: median length for flakes by fragment group  
 

 

9.4.4.4 Chaîne opératoires  
 

The artefacts from C.206 came from within the formal, flat, metalled layer of 

pebbles and cobbles. The construction of the metalled layer marks this context out as 

the greatest difference from the C.203 group, as well as the lesser quantity of cortical 

artefacts, which was statistically significant. Again, this is interpreted as a preferential 

use of quarried quartz by the communities of practice, with a psammite bedding plane 

noted on one core and the remaining cores all having no cortex. As with the C.203 

group, the presence of just two bipolar core fragments and no bipolar flakes does not 

suggest a pervasive use of a bipolar technology. The proportion of cores was very low 

(and low for non-quartz cores as well) and those present were small, and the proportion 

of larger debitage fragments was also low. This suggests a size grading was at play in 

this context, possibly with smaller artefacts falling within the matrix of the metalled 

layer; some may also have formed part of the metalled layer. A couple of squares had 

no quartz, while six had no <10mm artefacts, with the nearly three quarters of the 

artefacts from the top half of the excavated area, and just 8% from the bottom quarter. 

As with the C.203 group, the break patterns are comparable with the experimental 

dataset’s soft hammer component and use of direct percussion with an anvil, however 

Fragment group
MesialLateralDistalProximalComplete

M
ax

 L
en

g
th

 (
m

m
)

80

70

60

50

40

30

20

10



228 

 

none of the three platform cores had visible distal impact marks. The proportion of 

complete flakes with impact marks also suggest the use of soft hammer. Again, like the 

C.203 group, no core preparation was noted in the chaîne opératoire. C.206 had, 

proportionally, few diagnostic artefacts, with those identified being retouched flakes.  

 

 

9.4.5 C.202 

9.4.5.1 Spatial distribution 
 

C.202 was sampled at 50% of the squares, and held almost a fifth of the vein quartz 

artefacts, almost half of the rock crystal, and just 4% of the non-quartz artefacts (Table 

9-25). An analysis of the spatial distribution in the trench is less informative due to the 

50% gaps. Nevertheless, Figure 9-22 highlights that over half of the squares contained 

less than 30 artefacts per square and a third had less than 5 debris <10≥5mm, and a fifth 

had none. Unlike the previous contexts, the majority of the cores came from higher 

density squares, but similarly, most of the heavier debitage came from low density 

squares. Three sets of conjoins were noted, one of which was considered a fresh break; 

both of the other sets were pairings and both came from Square C6. 

 

Material Artefact 

 Core Debitage Core/ 
debitage 

Indeterminate/ 
possible Total 

Quartz 12 891 2 2 907 

Rock crystal - 13 - - 13 

Chert 1 2 - - 3 

Total 13 906 2 2 923 

Table 9-25 BDG C.202 artefacts by material 
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Figure 9-22 BDG C.202 distribution. Top left: quartz cores and retouch/wear mark artefacts. Top 
right: average debitage weight per square for debitage >2g. Bottom left: count of all quartz and 
rock crystal artefacts . Bottom right: count of debris <10≥5mm. Same square numbering as 
previous 
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9.4.5.2 Cores 
 

C.202 had a similar proportion of cores to the C.203 group, consisting of six 

multiplatform (one fragment), three single platform (one fragment), four bipolar (two 

fragments), and a possible conical piece; one of the multiplatform cores was a core-on-

flake, One single platform core was quartz-beach, while the rest were undifferentiated 

quartz; nearly all were semi-translucent to semi-opaque, metallic grey, vitreous quartz. 

The five complete multiplatform cores were similar in size range to the C.203 group 

(Figure 9-23 and Appendix A- 74). The two complete single platform cores were the 

largest in mass from the assemblage with one twice the mass of the rest (Appendix A- 

75 and Figure 9-24). C.202 held the two complete bipolar cores from the assemblage; 

their mean weight and dimensions were smaller than the means for the bipolar core 

fragments from C.202 as well as the other contexts (Appendix A- 76). 

 

 
Figure 9-23 BDG C.202 and C.203 group complete multiplatform cores. Weight, length, width, and 
thickness 
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Figure 9-24 BDG C.202, C.203 group, and C.205 complete single platform cores. Weight, length, 
width, and thickness 

 

 

9.4.5.3 Debitage 
 

C.202 had a lower proportion of flakes to debris than C.206 and the C.203 group, 

with 36% being <10mm debris; there were more ≥20mm debris, but less <20≥10mm 

debris (Table 9-6, Table 9-26, and Table 9-27). As with the previous contexts there is a 

lack of <20≥10mm slivers, but many <10≥5mm slivers which may suggest a 

considerable fragmentation of artefacts. But, as with C.206, there does not appear to be 

a diminutive quantity of mesial fragments compared to the C.203 group. Just one 

bipolar flake was noted. 

 

Fragment C.202 

 Count % 

Debris 278 48.4 

Complete 16 2.8 

Distal 71 12.4 

Lateral 34 5.9 

Mesial 48 8.4 

Proximal 127 22.1 

Total 586 100.0 

Table 9-26 BDG C.202 fragment types and debris, excluding <10mm debris 
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Debitage C.202 
Count % 

Flake 296 33.4 
Debris ≥20mm 50 5.6 
Debris <20≥10mm 185 20.9 
Sliver <20≥10mm 43 4.9 
Debris <10≥5mm 143 16.1 
Sliver <10≥5mm 170 19.2 
Total 887 100 
Table 9-27 BDG C.202 debitage types 

 

C.202 had substantially less clean breaks and more siret breaks than the previous 

contexts, with Uneven/a breaks dominating (Appendix A- 69). The siret proportions 

was analysed with GZLM. Compared to the experimental data’s techniques for siret 

proportions, the difference was significant (Table 9-28), with no significant difference 

with S.H.D. (χ² = 1.601; p = 0.206). For technique/support, the difference was also 

significant (Table 9-29), with no significant difference with S.H.D. Elastic; for S.H.D. 

Inelastic the difference was significant as it was for H.H.D. Elastic and H.H.D. Inelastic 

(Appendix A- 79).  

 
Tests of Model Effects 

Source Type III  
Wald χ² df p 

(Intercept) 364.273 1 0.000 
Dataset/technique 28.985 2 0.000 
Table 9-28 GZLM. Dependent Variable: Siret/non-siret Model: (Intercept), Dataset/technique. 
Reference category: C.202 

 
Tests of Model Effects 

Source Type III 
Wald χ² df p 

(Intercept) 363.594 1 0.000 
Dataset/technique/support 36.040 4 0.000 
Table 9-29 GZLM. Dependent Variable: Siret/non-siret Model: (Intercept), 
Dataset/technique/support. Reference category: C.202 

 

When the non-platform flakes are excluded, the pattern remains the same, but with a 

weaker significance. Compared to technique the difference was significant (Table 9-30), 

with no significant difference with S.H.D. (χ² = 0.166; p = 0.684). For 

technique/support, the difference was also significant (Table 9-31), with no significant 

difference with S.H.D. Elastic; for S.H.D. Inelastic the difference was significant, albeit 

weak; for H.H.D. Elastic the difference was significant and also for H.H.D. Inelastic 

(Appendix A- 80). C.202, therefore, has a higher proportion of siret breaks, and while 

aligned with S.H.D. and S.H.D. Elastic, the significance is lesser than with the previous 
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contexts. 75% of C.202’s complete flakes exhibited impact marks, which is a similar 

proportion to the experimental soft hammer component. 

 
Tests of Model Effects 

Source Type III  
Wald χ² df p 

(Intercept) 32.568 1 0.000 
Dataset/technique 23.272 2 0.000 
Table 9-30 GZLM. Excluding non-proximal flakes. Dependent Variable: Siret/non-siret Model: 
(Intercept), Dataset/technique. Reference category: C.202 
 
Tests of Model Effects 

Source Type III  
Wald χ² df p 

(Intercept) 26.832 1 0.000 
Dataset/technique/support 32.624 4 0.000 
Table 9-31 GZLM. Excluding non-proximal flakes. Dependent Variable: Siret/non-siret Model: 
(Intercept), Dataset/technique/support. Reference category: C.202 
 

2.8% of the debitage was complete flakes, compared with 2.2% from C.206 and 

3.8% from the C.203 group. The complete flakes were generally smaller, and thinner, 

but their mean width and platform width was greater than the previous contexts 

(Appendix A- 81 and Figure 9-25). The majority of the flakes had a length/width ratio 

of below 1:1 (Figure 9-26). The boxplot for mean length by fragment group (Figure 

9-27) highlights that the mean length for the complete flakes was less than the proximal 

and lateral, and, apart from the distal fragments, the complete fragments were generally 

smaller than the others including mesial fragments – this boxplot provides a different 

patterning than the boxplots for the previous contexts, where the complete flakes were 

in the upper range for length (see Figure 9-14 and Figure 9-21). Figure 9-28 compares 

the contexts’ complete and fragment for length, highlighting the difference with C.202 

compared to the others, while also highlighting that for width (Figure 9-29), the 

difference between C.202 and the others is not apparent. Comparing the metrics’ means, 

using GLM, the differences between contexts was not significant, except for the 

length/width ratio and width/thickness ratio (Appendix A- 82 and Appendix A- 84). The 

Bonferroni post hoc test shows the difference between C.202 and the C.203 group for 

these two ratios was significant, but not significant between C.202 and C.206 or 

between C.206 and the C.203 group (Appendix A- 85).  
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Figure 9-25 BDG complete quartz flakes. Mean length, width, thickness, platform width and 
thickness 
 
 

 
Figure 9-26 BDG complete quartz flakes. 
Length/width ratio 

  
Figure 9-27 Boxplot. BDG C.202: Length for 
flakes by fragment group 
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Figure 9-28 Boxplot. BDG C.202, C.206, and  
C.203 group for complete/fragments. Length 
 

 
Figure 9-29 Boxplot. BDG C.202, C.206,  
and C.203 group for complete/fragments. Width 
 

 

 

9.4.5.4 Chaîne opératoires 
 

C.202 contained, proportionally, a high quantity of rock crystal and a low quantity 

of non-quartz artefacts. Unlike C.206, there does not appear to be a greater degree of 

fragmentation of artefacts compared to the C.203 group. The lack of cortical artefacts 

again suggests the preferential utilisation of quarried material over beach pebble and 

cobbles by the communities of practice. As with the previous contexts, the chaîne 

opératoires did not include the preparing of cores such as faceting or abrasion. 

Compared to the Experiment dataset, the C.202 debitage is aligned with soft hammer, 

free hand direct percussion. While C.202 contained a similar proportion of cores to the 

C.203 group, it contained a greater proportion of bipolar cores, including the two 

examples of complete bipolar cores and the only non-quartz (chert) bipolar core. For all 

materials, bipolar cores accounted for 38% (n = 5) of the C.202 cores. However, there 

was only one bipolar flake identified. While the greater proportion of bipolar cores may 

suggest a Neolithic component in this upper context, the lack of bipolar debitage does 

not suggest in situ knapping, and the remaining cores and debitage were not 
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significantly different from the lower contexts, therefore there is little to distinguish 

possible differences in the technological repertoires (for clearer differences in chaîne 

opératoires see Thornhill assemblage, Section 10.4). Indeed, considering that a handful 

of bipolar cores were also found in lower contexts it is difficult to pronounce the 

presence of bipolar artefacts as signifying a Neolithic presence only. Nevertheless, the 

higher proportion of bipolar cores does point to a change in depositional practices at 

least, possibly with material deposited in the excavated area during the Neolithic onto a 

previous collection of quartz artefacts. 

 

 

9.4.6 C.205 and C.215 

9.4.6.1 Cores and debitage 
 

Artefacts from C.205 came from 15 of the 49 squares, with nearly half of the quartz 

artefacts from just one square, which included two of the three cores and both retouched 

flakes from the context (Figure 9-30). Proportionally, this context contained by far the 

most indeterminate/possible artefacts, at 4.8% compared to the average per context of 

0.5% (Table 9-2). Two sets of conjoin pairs were noted, from Square A3 and E1, with 

the respective conjoins from the same squares.  

 
Material C.205 C.215 

 Core Debitage Indeterminate/ 
possible Total Core Debitage Indeterminate/ 

possible Total 

Quartz 3 117 6 126 1 129 1 131 

Chert - 4 - 4 - - - - 

Flint - 1 - 1 - - - - 
Siltstone/ 
sandstone - - - - - 5 - 5 

Total 3 122 6 131 1 134 1 136 

Table 9-32 BDG C.205 and C.215 artefacts by material 
 

Three cores, all complete, came from C.205; one single platform and two 

multiplatform, one of which was a core-on-flake. While the single platform core had 

some cortex, none of the cores were identifiable to a source. The two complete 

multiplatform cores are amongst the smallest of their type from the assemblage 

(Appendix A- 74) while the single platform was also amongst the smallest of its type 

(Figure 9-24 and Appendix A- 75). 
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Figure 9-30 BDG C.205 spatial distribution, with C.215’s square marked 
 

C.205 had the lowest proportion of debris of all the contexts, with half of the 

debitage being flakes (Table 9-6). It had the lowest proportion of siret breaks and 

transverse only breaks and the highest proportion of longitudinal/transverse breaks, i.e. 

multiple breaks per artefact (Appendix A- 69). C.205 had the lowest proportion of 

complete platforms and the highest proportion of platform collapse at over double the 

average. As mentioned previously (pp. 196-7), along with C.203, C.205 had a 

significantly higher proportion of cortical debitage than the other contexts. Overall, the 

fragments were the smallest for all dimensions after C.206 apart from their mean 

thickness which was the thickest after C.202; while the larger dimension fragments 
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in the assemblage, the usually smaller distal and mesial fragments were on average 

amongst the largest from the assemblage (Appendix A- 64).   

 

C.215 was confined to one square but with a greater quantity of artefacts than C.205. 

The core from C.215 was a large dual, opposed core on quartz-psammite, and was one 

of the largest cores from the assemblage; the core had a different appearance to nearly 

all the debitage from the context, and while C.215 came from just one square, no 

artefact conjoins or refits was noted. C.215 had the highest proportion of debris of the 

contexts, especially ≥20mm debris (Table 9-6). It was the only context with no clean 

longitudinal or transverse breaks, and had the highest proportion of siret breaks but also 

the highest proportion of complete platforms resulting in the highest proportion of 

transverse only breaks (Appendix A- 69). The fragments were generally above average 

for weight and dimensions apart from thickness (Appendix A- 64); the one complete 

flake was the fourth largest from the assemblage, and larger than all the contexts apart 

from the C.203 group (Appendix A- 81). 

 

 

9.4.6.2 Chaîne opératoires 
 

C.215 was below C.203 and limited to one square and consisted of a sandy peat lens, 

and may be interpreted as a discrete deposition. The one core from the context was one 

of the largest from the assemblage, and the debitage were generally larger and heavier 

than other contexts and contained the greatest proportion of debris. The core was quartz-

psammite, and differed from almost all of the debitage in the context. Compared to the 

other contexts, very few of the debitage had collapsed platforms and a greater 

proportion contained complete platforms, but the context contained a very low 

proportion of complete flakes. The sole complete flake was one of the largest from the 

assemblage. The five siltstone/sandstone flake fragments may have derived from the 

same core. C.205 is described as either co-eval or below C.203, and artefacts came from 

about a third of the squares, with nearly half of the artefacts from one square. The three 

cores were all small examples, and one was a core-on-flake. C.205 had the highest 

proportion of flakes, and also the highest proportion of collapsed platforms, with the 

debitage. 
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9.4.7 Non-vein quartz artefacts 
 

While the non-quartz component of the assemblage was not analysed fully, with no 

measurements of the artefacts taken, a brief overview is provided (Table 9-33). Some of 

the siltstone artefacts are highly eroded, leaving open the possibility that others may 

have been missed during the excavation as they would be indistinguishable from natural 

pieces.  None of the non-quartz cores and debitage appear to match each other, but the 

five siltstone/sandstone flake fragments from C.215 may have come from the same 

block. Chert accounted for nearly half of the non-quartz component, and the majority of 

the debitage were flake fragments. The retouched artefacts were two flint artefacts from 

C.203 and one retouched rock crystal flake fragment from C.206 (Appendix B- 20). The 

flints were a retouched flake fragment and a retouched flake fragment that is possibly 

fragment of a distally trimmed flake; the fragmented nature of the artefact makes it 

difficult to designate it definitively. Another possible retouched rock crystal flake also 

came from C.206. A small fragment of a pebble of indeterminate material from C.206 

was tentatively regarded as a possible axe fragment. 

 

Material Context Total 

202 203 205 206 211 214 215 

Chert 3 11 4 5 3 6 . 32 

Flint . 6 1 3 . 1 . 11 

Psammite . 5 . 5 . . . 10 

Indeterminate . 2 . 3 . 1 . 6 

Siltstone/sandstone . . . . . . 5 5 

Siltstone . 2 . 1 . . . 3 

Quartzite . 2 . 1 . . . 3 

Basalt . . . 1 . . . 1 

Jasper . 1 . . . . . 1 

Table 9-33 Non-quartz artefacts by material and context 
 

The C.203 group contained a quartzite multiplatform core and a quartzite flake, but 

were not similar quartzites; the remaining cores from the context group were one single 

platform chert core, one chert pebble with a single flake scar, one possible chert core 

and one possible jasper core. There were 16 chert flake fragments, one complete chert 

flake and, along with two siltstone flake fragments. There were seven flint flake 

fragments, including the two retouched artefacts mentioned above. The rock crystal 

consisted of two flake fragments, two <20≥10mm debris, one <20≥10mm sliver, one 
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<10≥5mm debris, and one <10≥5mm sliver. Three debitage were of indeterminate 

material – one complete flake, one complete blade, and one flake fragment. 

 

C.206 contained two possible cores – one chert block contained one visible flake 

scar, while a thin, tabular slab of psammite had numerous flake removals and may 

represent a core. There was one psammite flake fragment, three chert flake fragments, 

and one chert blade fragment. The flint consisted of one flake fragment and two 

<20≥10mm debris and the rock crystal were seven flake fragments, one >20mm debris, 

and one <10≥5mm sliver. The remaining consisted of one complete siltstone blade, one 

quartzite flake fragment, one basalt flake fragment, and two flake fragments of 

indeterminate material. C.202 contained a complete chert bipolar core and two chert 

flake fragments, one of which contained a triangular-shaped quartz inclusion, 

resembling a quartz flake. There were four flake fragments, six <20≥10mm debris, and 

three <10≥5mm debris. C.205 contained four chert flake fragments and one flint 

<10≥5mm debris.  

 

There were seven psammite hammerstones in the assemblage, four from the C.203 

group and three from C.206. All were oblong pebbles or cobbles and none had evidence 

for extensive use. The smallest weighed 31g, the four complete examples ranged from 

98g to 149g, and the two fragments were the heaviest, weighing 177g and 259g. While 

the psammite hammerstones showed limited evidence for use, the fact that all were 

oblong suggests that the communities of practice purposively chose oblong-shaped 

cobbles for use. It is of course not proved that these seven were in fact used as 

hammerstones, but the impact marks on them are consistent with use as hammerstones. 

They may however have been used for other, unidentified purposes. Beyond these 

hammerstones, there is very little evidence for the use of psammite, which as mentioned 

is a quartzite. From a functional perspective it may be that the psammite is too friable 

for use as flaked stone tools or, alternatively, it was avoided for cultural reasons. 

Considering the abundance of psammite in the area, the absence of psammite artefacts is 

clearly significant and not related to degradation; while probably too friable for stone 

tools, it is nevertheless still composed of quartz and therefore would not degrade much 

but rather the edges would damage easily through use. 
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9.5 Overview and Discussion 
 

The assemblage from TR2 selected for the present analysis is part of a larger 

assemblage excavated on a hillside overlooking the mouth of a river at Belderrig Bay, 

North Mayo. TR2 is located at the point of a substantial erosion scar, in-between the 

cliff and the bank, with the eroded pathway running over the excavated area. Quartz 

artefacts were visible on the surface of TR2 before excavation, with the thin layer of 

turf/peat having been eroded away along the thoroughfare. The date range of the 

excavations shows intermittent activity for over two thousand years, from the Later 

Mesolithic to the end of the Neolithic.  

 

The three main artefact-bearing contexts from TR2 are C.202, C.206, and C.203; all 

three are dominated by vein quartz artefacts with minimal amounts of rock crystal and 

non-quartz artefacts. C.203 is interpreted as a very biologically active, pre-peat 

woodland topsoil, dated to c. 4300-4500 cal BC, that was artefact-rich and subsequently 

compressed, truncated, or eroded. For this analysis, C.211 and C.214 were grouped with 

C.203, with the former two contexts probably representing earlier activity. C.214 is the 

only context with a substantial proportion of non-quartz artefacts – 29% of the 28 

artefacts was chert and flint flakes along with one blade of indeterminate material. 

C.215, also below C.203, appeared in just one square, contained 136 artefacts, and is 

interpreted as a discreet deposit of material; this context’s artefacts stood out in terms of 

size, and the one core from the assemblage was large and different from the debitage in 

the context. The upper levels of C.203 were hard to distinguish from the lower levels of 

C.206, which is the formal stony layer dated to c. 4000-4200 cal BC (for discussions on 

other Mesolithic platforms see Driscoll 2009a). C.202 may represent a later disturbance, 

with artefacts within it representing the upper level of C.206, which was disturbed with 

the consequence that the horizon of C.206 was indistinguishable. From the analysis of 

the vein quartz artefacts’ fragmentation and size, it does not appear that C.202 contains 

more fragmented artefacts than C.206, but rather C.206 contained a greater proportion 

of smaller fragments than C.202 or the C.203 group; C.202 contained more complete 

and lateral fragments than C.206, suggesting a lack of disturbance in C.202. While 

C.202 had a greater proportion of bipolar cores, suggesting a Neolithic component in 

the assemblage, the direct percussion artefacts do not appear to be significantly different 

from the earlier contexts in terms of the chaîne opératoires, such as noted in the 
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Neolithic assemblage from Thornhill (see Section 10.4). Furthermore, while a 

considerable proportion of the cores from C.202 were bipolar, there is little evidence of 

in situ knapping, with just one bipolar flake noted. This may suggest that during the 

Neolithic material was deposited onto a previous collection of quartz artefacts.  

 

Exploring the chaîne opératoires at play in the excavated area necessitates a clear 

understanding of the fracture mechanics of the quartz. The archaeological material from 

Belderrig for the most part matches the experimental dataset’s direct percussion 

component in terms of fracturing. However, direct comparisons are unlikely given that 

the experimental knapping produced a complete, preserved knapping floor without 

further post-knapping breakages or removal of artefacts occurring. Furthermore, due to 

the difficulties in identifying sequential breaks and sequential fragments consistently in 

the archaeological material, these categories were excluded therefore no direct 

comparisons with these categories were possible. As well as this complication, the 

experimental assemblage set out with the intention of creating a preserved knapping 

assemblage, which, understandably, would not have occurred during prehistory with  

consequent differing chaîne opératoires. Nevertheless, the experimental assemblage 

provides a framework for understanding the fracturing of the quartz, and for examining 

similarities and variances within the archaeological material. 

 

5275 vein quartz and rock crystal artefacts were analysed from the five context 

groups. All of the quartz from TR2 appears in a fresh condition, with sharp edges. 

Pieces with sub-rounded and rounded edges – generally smaller fragments – were 

regarded as natural quartz and excluded from further analysis. One difficulty noted with 

the analysis of the vein quartz artefacts was ascribing a time period to some of the 

fractures. Following from this, a related issue concerns to what degree the artefacts have 

fragmented since deposition. During knapping, numerous incipient fractures in the 

quartz were noted, and on returning to the experimental assemblage on a number of 

occasions over the course of the analysis of the assemblages, many smaller, and some 

larger, artefacts had fragmented further even though they were individually bagged and 

handled carefully. Therefore, it is likely that some post-depositional fragmentation 

occurred with the archaeological material even without extensive or moderate 

trampling/disturbance and so forth. It is of course impossible to quantify this without 
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further experimentation with trampling experimental assemblages in various degrees of 

burial in soil.  

 

The vein quartz was categorised into source materials where possible. However, the 

preponderance of non-cortical flakes, and the low frequency of artefacts retaining parent 

rock bedding planes, precluded assigning most of the quartz to a source. Only 6% 

(n=222) of the ≥10mm vein quartz artefacts could be identified definitively to a source; 

3.3% to quartz-beach, 2.6% to quartz-psammite, and 0.2% to quartz-metadolerite. For 

the cores, 10.9% were identified as quartz-beach, 9.1% as quartz-psammite, with the 

remainder as generic quartz and no quartz-metadolerite cores identified. This low 

proportion of cortical artefacts suggests that the chaîne opératoires involved the initial 

knapping of cobbles/blocks away from the excavated trench area, with cores being 

brought to that area once decortified to some extent, as well as having bedding planes 

removed. The overall low proportion of cobbles also suggests the quarrying of vein 

quartz; which would result in less cortex to begin with, thus creating a lower proportion 

of cortical artefacts.  

 

Analysis of the proportion of cortical artefacts showed that, while all contexts had 

low proportions of cortical artefacts, the C.203 group and C.205 had significantly more 

cortical artefacts than the other two main artefact-bearing contexts (C.202 and C.206). 

The significantly higher proportion of cortical artefacts in the C.203 group and C.205 

suggests a difference in the chaîne opératoires of the communities of practice over time. 

This difference may relate to a lesser degree of initial knapping taking place away from 

the excavated area during these earlier contexts and/or with more beach cobbles used in 

these contexts, and also a lesser degree of decortification of quarried blocks. For the 

quarried blocks, an alternative explanation is that quarried veins, which had been 

previously opened and consequently decortified during the C.203 group and C.205, 

were subsequently quarried further during later contexts with less cortex on the material 

as it had been decortified already. This interpretation would suggest that the same veins 

were re-visited for use over the generations. 

 

Overall, 83% of the debitage was smooth-grained, with sugar-grained at just 2%; 

there were no sugar-grained cores, suggesting a clear preference for smooth-grained 

material by the communities of practice. The largest group of materials consisted of 
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semi-translucent, smooth-grained, with a cloudy glass appearance and cloudy hue, 

followed by a group consisting of semi-translucent, smooth-grained, a vitreous 

appearance and a metallic grey hue. As noted in Section 6.5, the grainier, more sugary-

textured quartz produced the least amount of fragments per strike during the 

experimental knapping. If this fragmentation pattern also held for the prehistoric 

communities of practice at Belderrig, it may imply that a higher fragmentation rate of 

materials was not an attribute to be avoided, and/or that characteristics of the material 

such as the smooth-grained appearance were more sought after than the apparently 

functional attributes of lesser fragmentation rates. Experimental work on the use of the 

differing quartzes would shed light as to which types of graininess is suitable for 

differing tasks in term of edge sharpness and edge maintenance/damage resistance. 

 

It appears that quartz sourced from metadolerite played a minor role in the material 

repertoire, with no quartz-metadolerite cores present. However, the question remains as 

to what extent the 94% of the debitage and 80% of cores that were uncategorised to a 

source were in fact sourced from metadolerite. Interestingly, the outcrops available 

today in the locality are dominated by the smooth-grained metadolerite and the sugar-

grained psammite. However, there was little evidence for the metadolerite quartz veins 

being utilised even though the assemblage is dominated by smooth-grained quartz. The 

psammite quartz veins accessible today are predominantly sugar-grained, but the quartz-

psammite identified in the assemblage is equally split between smooth-, sugar/smooth-, 

and sugar-grained quartz. This suggests that veins of differently grained quartz were 

available and utilised in prehistory, and/or that the use of the metadolerite quartz veins 

is masked by the lack of cortical and bedding plane signatures on the artefacts. It is also 

possible that the metadolerite sources that are today right beside the cliff may have been 

covered by land in early prehistory, with subsequent erosion exposing them on the 

foreshore. 

 

There is no evidence for platform preparation such as faceting or abrasion in the 

chaîne opératoires, but rather the cores were primarily knapped directly using direct 

percussion, using both freehand and anvil – five of the platform cores had impact points 

suggesting inelastic support, i.e. a platform-on-anvil technique – all five were from 

C.203. Cores accounted for just 1% of the assemblage, with a further three artefacts 

categorised as core/debitage. 80% were platform cores, 13% were bipolar, with 
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remaining being conical pieces and radially split pieces; 71% were complete cores. Out 

of the platform cores, multiplatform types dominate at 70% of the assemblage.  

 

None of the cores resemble classic Later Mesolithic Larnian uniplane cores, as 

defined by Woodman and Johnson’s (1996) research on flint cobble knapping, where 

cobbles were opened by removing a cortical flake from the top with the flake scar then 

used as the striking platform, generally knapping less than 50% of the core face and 

producing a uniplane surface. These uniplane cores were seen as wasteful by-products:  

the classic uniplane core is not so much an integral feature during the 
reduction of a core but rather a frequent by-product which is a limitation to 
the further effective utilisation of the core. It has also been shown that 
frequently very few useful flakes and blades are produced from each core, 
with the result that large quantities of by-products are left after the 
production of a relatively small number of usable flakes (Woodman and 
Johnson 1996, 221). 

 

Similar Mesolithic core forms have also been noted away from the flint-rich north, 

on materials such tuff and chert at Lough Allen (Driscoll 2006, 200), chert in the 

midlands (Warren et al. 2009), and greenstone at Ferriter’s Cove (Woodman et al. 

1999). While the latter were also formed on cobbles, the former were formed on blocks, 

highlighting that the removal of a cortical cap was negated. Warren et al. (2009) suggest 

that this form of core will occur where large pieces of raw material were available. 

However, while large blocks were available at Belderrig, this is not the case. The 

examples of single platform cores were usually knapped at up to 90% of the platform 

circumference and the single platform cores were generally subsequently rotated, 

resulting in dual, opposed cores or rotated again resulting in multiplatform cores. 

Therefore, there does not appear to be a ‘wasteful’ (as Woodman and Johnson put it) 

approach to the cores, with flakes continuing to be removed beyond the typical uniplane 

core; however, conversely, it does not seem that the communities were attempting to 

conserve the material as such. It is uncertain what the reasons for this are; it might be 

that the short, thick flakes produced did not need such uniplane faces to be maintained. 

The absence of uniplane cores is not, however, problematical from a typological 

perspective – the Ferriter’s Cove excavations highlighted that a low amount of uniplane 

cores may be expected on Later Mesolithic sites, with the uniplane core a by-product of 

a certain method of working and not a strict template to be followed (Woodman et al. 

1999). However, it is not the case that Belderrig quartz uniplane cores would be 
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unrecognisable, as suggested by Woodman et al. (1999, 76) – since a variety of core 

types were noted, there is no reason why uniplane cores would not be. 

 

31% of the assemblage is <10mm debitage, and flakes account for 40% of the total; 

5% of the flakes are complete. Over half of the flakes are <20mm, with a mean length 

of 21.7mm. For the complete flakes only, a third of the flakes are <20mm in length, 

with a mean length of 27.8mm. All but two of the 107 complete flakes are <60mm in 

length. For both flakes and debris, 80% of the assemblage is <20mm and 8% is >30mm 

in length. 33% of the ≥10mm debitage had complete or partial platforms, which is 

approximately the same proportion as the Experiment dataset. Overall, just 1.8% of 

complete and proximal flakes had bulbs. 38.6% had complete platforms; 42% were 

platform fragments, while 19.4% had collapsed platforms. A third of the ≥20mm length 

flakes were straight. Only three bipolar flakes were identified. While a proportion of 

‘bipolar flakes’ may have been missed for the reasons outlined in Chapter 6, this tiny 

proportion of bipolar flakes suggests that it is in fact an actual pattern. Indeed, as noted 

in Chapter 6, some platform flakes can appear as bipolar flakes as well, thus adding an 

extra complication to the identification of reduction techniques. 

 

Of the flakes with terminations present, 82% had feather terminations, 7.2% 

irregular, 6.2% plunging, 3.6% step, with remainder being fragmented or 

retouched/wear marks. The proportion of step terminations appears small, with 

numerous step terminations noted on the cores. This raises the possibility that step 

terminations were under-recorded and other step terminations were interpreted as the 

distal end of flake fragments, because it can be difficult to determine if it is in fact a 

termination or a later break in quartz. As noted in Section 6.3.3 some researchers treat 

flakes with step terminations as being flake fragments rather than a termination of a 

complete flake in the first place (e.g. Odell 1989, 192; Redman 1998, 38). 

 

The minor amount of complete flakes present consisted of short, wide, thick flakes, 

and many of the flake fragments were of similar dimensions, if not larger, than the 

complete flakes. Comparing the metrics’ means of the complete flakes, the differences 

between contexts was not significant, except for differences between C.202 and the 

C.203 group for the length/width ratio and width/thickness ratio; the C.203 group had a 

greater length/width ratio and a lesser width/thickness ratio compared to C.202. The 
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C.203 group had an apparent lack of slivers and mesial fragments compared to the 

Experiment dataset, raising the possibility that these were removed for use elsewhere. 

C.206 also had a lack of slivers, but not to such an extent as the C.203 group and no 

apparent lack of mesial fragments. For C.202, the lack of ≥10mm slivers may relate to a 

greater fragmentation of them, creating more <10≥5mm slivers and no apparent 

diminutive quantity of mesial fragments. 

 

Comparisons to the experimental assemblage suggest that for the three main 

artefact-bearing contexts, the communities of practice possibly used soft hammers, and 

for the C.203 group and C.206 used anvils, for direct percussion knapping. The 

similarity to the S.H.D. assemblage in terms of the proportion of siret breaks must be 

interpreted in the light that the proportions of siret breaks may have been altered by the 

removal or addition of debitage in the area. Alternatively, the expertise of the 

communities of practice, along with the method/technique employed with a hard 

hammer, may have resulted more closely with what was achieved with a soft hammer 

during these experiments, i.e. thicker flakes less likely to form a siret break. The mean 

thickness for complete flakes was similar for S.H.D. and the BDG artefacts. However, 

as noted in Chapter 6, the difference in thickness between H.H.D. and S.H.D. complete 

flakes was not an appropriate indicator of technique; for Redman’s (1998) research, 

however, (mentioned previously, see Section 5.6) on soft and hard hammer differences, 

thickness was deemed to be a predictor, albeit weak, of impactor. Seven psammite 

impactors identified had signs of limited use. If psammite, or other stone, impactors had 

been used more extensively by the communities, the impactors were not deposited in 

the area. The experimental knapping also pointed to less soft hammer flakes exhibiting 

impact marks compared to the hard hammer flakes, and the three main artefact-bearing 

contexts all had similarly low proportions of visible impact marks on the complete 

flakes, again possibly suggesting the use of soft hammers.  

 

The indications of the possible use of soft hammer raises the question of what soft 

impactor was used during the Mesolithic, as no deer were present in Ireland (Woodman 

et al. 1997) thus excluding the possibility of antler such as used during the experimental 

knapping. The Later Mesolithic is usually discussed in terms of hard hammer, freehand 

percussion (e.g. Woodman and Johnson 1996; Woodman et al. 1999), with Woodman et 

al. (1999, 71) citing the use of hard hammer as signified by “the variation in platform 
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size, the number of prominent bulbs of percussion, and the broad flake scars on many of 

the cores”. For the experimental quartz dataset, while none of these factors were 

statistically significantly different, the soft hammer flakes had greater variations in 

platform sizes, had more occurrences of bulbs (albeit in low numbers for both 

techniques and none were prominent), and had broader flakes than the hard hammer 

flakes. In terms of the Irish Early Mesolithic, Costa et al. (2001) argued that the analysis 

of an assemblage from Donegal suggested that both soft stone hammers and hard stone 

hammers were used for creating differing artefacts. The authors, however, do not 

mention organic impactors such as antler, and do not suggest why they argue for soft 

stone instead of an organic soft hammer; they thus avoid the issue concerning deer in 

Ireland which has been raised elsewhere by Woodman and McCarthy (2003). While the 

lack of deer in Ireland rules out the possibility of the use of antler during the Mesolithic 

at Belderrig, hard woods would have been available, or indeed, various ‘soft’ stones 

such as suggested by Costa et al. (2001) in relation to the Early Mesolithic.  

 

As well as the possible use of soft hammers identified, another difference from other 

Later Mesolithic assemblages is the identification of the use by the communities of 

practice of a platform-on-anvil technique. There has been little discussion of the 

platform-on-anvil technique in Irish lithic research. Nelis (2004, 866) identified 

platform-on-anvil cores in Neolithic assemblages from Northern Ireland. Evidence from 

Ferriter’s Cove (see Woodman et al. 1999, 32)  and Corralanna (see Warren et al. 2009, 

15), however, may point to the use of a platform-on-anvil technique in the Later 

Mesolithic. At Ferriter’s Cove Woodman et al. (1999, 32) noted for the flint cores 

“areas of severe damage are visible on a number of distal ends of single- and dual-

alternate platform cores…Although this implies the use of an anvil support, there is 

little typological or refitting evidence for the use of the bipolar technique”. While in a 

lithic scatter from Corralanna Warren et al. (2009, 15) noted the discovery of a large 

stone with pitting, interpreted this as an anvil but commented that “the absence of any 

evidence of bipolar techniques in the assemblage suggests that this pitting results from 

activities unrelated to stone-working tasks”. Both of these analyses looked for evidence 

of bipolar cores specifically rather than for evidence of platform-on-anvil knapping. 

This may suggest that this type of technique was more prevalent than has been 

appreciated. 
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Along with the thousands of non-retouched flakes, many of which can be considered 

as tools (as discussed in Section 4.3), a small number of diagnostic types were 

identified. The majority came from the C.203 group, including the one example of a 

butt trimmed flake (Appendix B- 22) and one borer (Appendix B- 21); a point/notched 

piece came from C.202; besides these, the rest were predominantly retouched flakes 

while one with abrupt retouch on its distal end could be considered scraper-like 

(Appendix B- 21, top left). None of the cores were retouched, while one retouched 

artefact was categorised as a core/debitage. As well as the 30 retouched artefacts, there 

were 23 with possible retouch. For the former, the majority had convex or rectilinear 

retouch, with the majority of both categories having an abrupt retouch angle; for the 

latter, almost half were convex, with abrupt or semi-abrupt retouch. While these 23 

possible retouched artefacts are probably actual retouch/wear marks, a conservative 

approach was taken in this regard in order to avoid an inflation of the retouched 

numbers as is a danger with vein quartz (see Lindgren 1998). A more liberal approach 

could include them as retouched. 

 

Just one ‘classic’ Later Mesolithic type – a butt trimmed flake – was noted. Other 

flakes are morphologically similar to butt trimmed types, minus the retouch – the 

example in Appendix B- 22 (top right) is not retouched but the lateral edges have 

extensive damage, but it is unclear whether this damage represents damage during use 

or from post-depositional processes. The Ferriter’s Cove site also had a low proportion 

of butt trimmed forms, with Woodman et al. (1999, 76) noting that the assemblage had 

a “sufficient number of the diagnostic tools but it also has an interesting and diverse 

range of other artefacts”. It is unclear if the phrase ‘sufficient number’ means sufficient 

for the communities who formed the assemblage, or sufficient for the analysis of the site 

by archaeologists. Be that as it may, the Ferriter’s Cove flaked stone assemblage 

consisted of 0.5% (n=36) “retouched tools” (Woodman et al. 1999, 29)24 while the TR2 

quartz assemblage consisted of 0.6% retouched artefacts and if the possible retouched 

artefacts are included this increases to 1%. (The non-quartz component consisted of 

3.2% (n=2) retouched artefacts.)  

 

Compared to the non-retouched artefacts, the diagnostic artefacts were significantly 

larger in all dimensions and weight, with the possible retouched artefacts falling in 
                                                           
24 While this 0.5% is calculated from Table 3.1 in Woodman et al. (1999, 29), different quantities are 
provided in later tables (Woodman et al. 1999, 76-77). 
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between the retouched and non-retouched groups. In order to avoid a multitude of 

smaller non-retouched artefacts skewing the analysis, a second analysis was conducted 

comparing only >20mm retouched and non-retouched debitage; this second analysis 

confirmed that the diagnostic types were on average larger in all dimensions. While 

there is therefore a clear distinction in terms of size between the retouched and non-

retouched artefacts, it is difficult to discern if the retouched artefacts represent the reuse 

of non-retouched tools, or if they represent a different kind of tool which necessitated 

retouch, and larger size of artefact, from the outset.  

 

In terms of the use of the non-retouched debitage, the apparent lack of slivers, and in 

some contexts of mesial fragments, was suggested as possible evidence for the removal 

of such artefacts from the area for use. Considering the communities of practice’s 

location at a coastal site, a possible interpretation for these small fragments is the use in 

fish processing. As outlined in Section 4.3, Flenniken (1981) noted that small, non-

retouched fragments of vein quartz were hafted for use as fish processing tools, with 

these erstwhile non-diagnostic pieces of quartz noted as functional tools because they 

were found hafted in waterlogged contexts; while there, the communities used bipolar 

reduction to specifically produce such artefacts, at Belderrig a possible interpretation is 

that such fragments were a useful by-product of the communities vein quartz chaîne 

opératoire, and a use of the fracture characteristics of the quartz.  

 

The analysis of the quartz artefacts did not clearly identify any ritualised or symbolic 

use or deposition of the material. However, it could be argued that, conversely, the 

analysis did not identify clearly any ‘mundane’ or utilitarian use or deposition of the 

material – while diagnostic types were noted, it is unclear if their use or retouch was 

indeed ‘simply’ functional or utilitarian or used during ritualised practice. As noted in 

Chapter 4, the quartz artefacts can be interpreted as having held differing roles and 

differing significance depending on the context and on the observer or participant. 

Consequently, it is not a question of an either/or of the sacred and profane, but rather 

when, where, and by whom. It is the assumption of the present analysis, and most if not 

all lithic analyses, that the knapping of the quartz by the communities of practice was to 

produce stone tools. Nevertheless, while this may be a safe assumption, the question 

remains as to why there, why then, and by whom. In terms of the when, we have a 

rough idea (in the fifth and fourth millennium BC), in terms of the where, we have a 
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partial answer (a part of the chaîne opératoire occurred at Belderrig), and by whom we 

are in the dark. 

 

Quartz has been argued as an especially power-full material (e.g. Taçon 1991), an 

argument that cannot be ignored in interpretations as to why the Mesolithic and 

Neolithic communities chose the Belderrig hillside by the river mouth at the ocean for 

recurrent visits. It is unclear to what extent the quartz sources themselves were an 

attractor – little is known about other quartz sources inland from Belderrig (see above, 

Section 9.3.1). Moreover, the reasons need not have remained unaltered; the initial 

visits may have been for different reasons, which subsequently set in train a sequence of 

visits with the original motives fogged by time but nevertheless the locale became a 

focus for activities – a part of the traditions of the communities. These traditions were 

not necessarily rigid, but as Gosden (1994) has put it, they were a dynamic 

traditionalism, open to elaboration and change through time. A part of this dynamic 

traditionalism may have been the re-visiting of veins of quartz quarried in previous 

years or previous generations. 

 

Looking at the chaîne opératoires at play from the perspective of a ritualised 

taskscape (for taskscape see Ingold 2000) places the question of what the ‘tools’ were 

used for, and what the excavated area represents, in another dimension: in viewing the 

quartz assemblage as neither strictly utilitarian nor strictly symbolic, one can consider 

the material as on a continuum of ritualised practice. Indeed, in viewing the chaîne 

opératoire as a sequence rather than a more rigid chain compliments the taskscape 

perspective, which calls for a recognition of the sociality of technology and the 

interactivities of life – a sequence of inter-related activities, and an enaction of 

technological practices that encompassed the entirety of communities’ world and world-

view. The quartz used by the communities was not a material found ‘out there’ in the 

landscape, and subsequently exploited and discarded, but the quartz itself was part of 

the taskscape amongst the other parts such as the humans, plants, and animals, and the 

river and ocean at Belderrig that the communities of practice visited and re-visited over 

the millennia or so of indentified activity. Elsewhere, I have discussed the utilisation of 

raw materials, and local/non-local issues of the use and deposition of materials, during 

the Mesolithic and Neolithic in the west of Ireland (see Driscoll 2006, 2009b); the 

convergence of the local and non-local materials brings different nodes of the landscape 
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together through their use in the taskscape – the stone is not just extracted from its 

source to then become a reified commodity, but probably brought with it the personality 

or qualities of its source (see Bradley 2000) or at least the stories told of the source.  

 

The clearest representation of symbolic or ritualised practice can be seen in contrasts 

– a small number of cores have been interpreted as being non-local quartz; these cores 

had no matching debitage, suggesting an importation of cores for deposition at the 

locale, which had a relatively lower quantity of cores that matched the debitage present. 

As well as these non-local quartz cores, the chaîne opératoires included the deposition 

of non-local, non-quartz cores and debitage; these cores and debitage were a mismatch 

of materials, suggesting no in situ knapping, but rather the deposition of non-local 

material. One of the non-quartz artefacts deposited was a chert flake with a triangular – 

almost flake-shaped – quartz inclusion (Appendix B- 23), thus marrying the local and 

non-local materials.  

 

This mismatch of materials – both quartz and non-quartz – could be interpreted as 

the excavated area representing a ‘dump’, a midden of lithics and organic material, with 

the lithics being the remaining material culture. However, for the C.203 group at least, 

the analysis of the spatial distribution of material has suggested a patterning of lithic 

deposition into concentration/adjacent/periphery, which goes against the excavated area 

being a random dumping of material; instead it is interpreted that the C.203 group is a 

more structured deposit, with the adjacent area that contained the cores and heavier 

debitage either the area where knapping occurred or a clearance of larger pieces from 

the knapping in the concentration area into the adjacent area. The deposition of non-

local quartz and non-quartz, therefore, was not necessarily a dumping of material – a 

midden sensu stricto (for discussions on middens and refuse see Needham and Spence 

1997) – but rather can be seen in line with the structured depositing of the local quartz, 

of activities taking place in the context of a midden sensu lato, where a midden can be 

seen as an accumulation of material culture, an accumulation of artefacts and ecofacts, 

without modern categorisations of these as rubbish or waste. 
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10 Case study 2: Thornhill palisaded enclosure 
 

10.1 Introduction 
 

This chapter details the analysis of the quartz assemblage from the Thornhill 

Neolithic palisaded enclosure. Section 10.2 introduces the Thornhill excavation and 

outlines the main features excavated, and then describes other excavations and finds in 

the vicinity. Section 10.3 details the environmental background to the area, introducing 

the geological and palaeoecological information. Section 10.4 presents the analysis of 

the quartz assemblage beginning with the condition and sources of the quartz in Section 

10.4.1, followed by a brief overview of the contexts containing quartz in Section 10.4.2; 

Section 10.4.3 presents the analysis of the cores and Section 10.4.4 details the debitage; 

the diagnostic types are detailed in Section 10.4.5, Section 10.4.6 presents the main 

contexts and Section 10.4.7 outlines a comparison to the non-quartz assemblage. 

Section 10.4.8 discusses the chaîne opératoires of the quartz component, and Section 

10.5 concludes the chapter with an overview and discussion. 

 

 

10.2 Excavation background 

10.2.1  Thornhill excavation 
 

The Thornhill site sits on a terrace on a low ridge (38m OD) on the left bank of the 

River Foyle close to the present-day river’s mouth (Figure 10-1). The development-led 

rescue excavation was initiated in 2000 after monitoring of topsoil stripping uncovered 

substantial archaeological evidence. Previous investigations in the immediate vicinity 

had discovered a lithic scatter, as well as the SMR site of a pair of ring-ditches (Logue 

and Ó Baoill 2009). The excavations investigated approximately 4000m², with the finds 

including lithics and ceramics along with floral and faunal remains. No C14 dates or 

specialist reports have been produced as of yet for Thornhill, with the preliminary 

stratigraphic report presented to me in June 2009 being an incomplete, unedited draft, 

hence no page numbers are referenced (Logue 2009 pers. comm.). The retention policy 

for the quartz was the retention of 100% of quartz excavated, with no distinction made 
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between natural or artefactual material during the excavation (Logue 2009 pers. 

comm.). Based on ceramics and the type of structures uncovered, the site has been 

posited as of Early Neolithic date (Logue and Ó Baoill 2009). The Thornhill 

excavations were divided into three arbitrary areas (Plan 3). The following excerpts and 

summarises the stratigraphic report (Logue and Ó Baoill 2009). 

 

 
Figure 10-1 Thornhill environs. Elevation data from EPA (2004b) 
 

Area 1 

Area 1 was given just five days to excavate and the limited excavation produced 34 

pits and four stakeholes. 

Nearly all of the pits and stakeholes were subsoil-cut and there was virtually 
no interlinking stratigraphy between individual features...The large number 
of pits and the apparent deliberate placing of artefacts, and sometimes 
several different types of artefacts, within many of the fills has been 
interpreted by the site director as marking out an area that was set aside for 
ritual activity (Logue and Ó Baoill 2009).    

 

Area 2 

Area 2 covered the majority of the excavation and was initially excavated in 21 

trenches; these 21 were later merged into one large trench (Logue and Ó Baoill 2009). 
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Eight palisades and five structures were excavated. Most of the palisades – some with in 

situ timber – had recuts, showing signs of replacement/repair. The construction methods 

for the palisades were varied, with most being slot trenches within which sat posts, 

planks or boards, packed with stones and clay. 

 

Palisades 1 and 1a and associated features 

Palisade 1 and 1a extended for 25m with a gap interpreted as the entrance to the site, 

which was “subsequently blocked by a number of large ritual pits” (Logue and Ó Baoill 

2009); the palisade contained possible evidence for repair or replacement of the timbers 

in places. The pits (Contexts 325, 6002, 542 and 784) in the entrance gap contained 

recuts with evidence for the placement of upright stones/timbers and also contained 

numerous stakeholes. 

It would appear that all four large pits probably served a ritual function.  
They were big enough to hold upright stones or timber posts. Roughly 
0.60m north of pit C. 784 was the southern terminal of a palisade designated 
Palisade 1a during the excavation (C. 3029).  It is possible that the southern 
most of the conjoined pits (C. 325) actually cut the terminal of Palisade 1. If 
that is the case, it is tempting to see the four ritual pits as having been placed 
in what was the entrance between a palisade. Whether they post-dated the 
palisades by any length of time or whether they were contemporary and 
actually blocked access into the settlement via this point in the palisades, 
with visitors having had to walk around them to get in, their siting and effect 
could not be more dramatic. The erection of the ritual pits and the deliberate 
cutting of Palisade 1 could be an act signaling a change in layout, function 
or population of the settlement...The nature and function of the area of the 
site associated with the ritual pit group clearly changed with the 
construction of Structure A over the pit group. Whether Structure A itself 
had a ritual function is unknown (Logue and Ó Baoill 2009). 

 

Palisades 2 and 3 and associated features 

Palisade 2 was recorded for 5.7m, with evidence for possible repair. The palisade 

possibly cut another group of ritual pits (C. 868, C. 6001 and C. 606 within cut C. 6014) 

– if so, it “may be one of the later features on site and reflects a new phase of activity 

after the pits had gone out of use. In this regard it is similar to Structure A, whose 

construction over the first group of ritual pits also seemed to be a deliberate reversal of a 

ritual blocking of the entrance into the site” (Logue and Ó Baoill 2009). Palisade 3 

(8.25m length excavated) ran parallel to Palisade 2 and had evidence of timber 

replacement. 
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Palisade 2a and associated features 

Palisade 2a (1.6m long with evidence of recuts) and a series of associated postholes, 

stakeholes, and a pit were to the north of Palisade 2; the associated features may be 

evidence for a different construction technique of the palisade or else “probably less 

likely, is that postholes and stakeholes (Contexts 2818-1490) along with the conjoined 

pits C. 6014, represent a deliberate blocking of the entrance into the settlement at 

Thornhill” (Logue and Ó Baoill 2009). 

 

Palisades 3a and 4 and associated features 

Palisade 3a – 6.5m excavated – and Palisade 4 – 11m excavated – are seen as the 

continuation of the same palisade, with six phases of activity; Palisade 4 was partially 

burned, with a subsequent possible dismantlement at that point, with a further set of 

ritual pits partially cutting the palisade. At the area of burning  

[s]even flint arrowheads (almost a third of the site total) were recovered 
from the ashy spread and other fills of the foundation trench at this 
point…The high number of flint arrowheads found in the immediate area 
also provides evidence for an episode of conflict at the settlement…Five 
large pits (Contexts 423, 424, 425, 854 and 855) ran in a line and were 
located immediately west of Palisade 4…Running from north-south these 
were C. 425, C. 424, C. 423 and C. 855. Another pit (C. 854) was located 
immediately west of pit C. 855 and ran beyond the limit of excavation. At 
least three different phases of activity were uncovered here with some of the 
pits cutting other pits and Palisade 4 cutting one of the pits (C. 855). Some 
of the pits were probably for storage while some might have served a ritual 
purpose (Logue and Ó Baoill 2009). 

 

Palisades 5, 6, 7, and 8 

16m of Palisade 5 and 4m of Palisade 6 were excavated and both palisades 

continued beyond the eastern limits of the Area 2 excavation. The relationship between 

Palisades 5 and 6 was not fully resolved during the excavations – it is interpreted that 

Palisade 5 cut Palisade 6. Palisade 8, excavated for 2m and with evidence for recuts, is 

interpreted as the terminal of the palisade surrounding the settlement at Thornhill – 

“[d]espite being immediately adjacent to Palisade 3a the relationship between the two 

was not clearly defined during the excavation” (Logue and Ó Baoill 2009). It is 

uncertain whether Palisade 7 – 7m in length, which had recuts – was in fact a palisade 

or the remains of a structure, but was designated as a palisade. 
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Structure A 

Structure A was approximately 6m by 4m, defined by three foundation trenches and 

postholes and stakeholes, with the southern trenches cutting through the group of 

conjoined pits (C. 325, C. 6002 and C. 542; all within pit cut 6003); “the building was, 

therefore, later than them and Palisades 1 and 1a.  Whether Structure A retained a ritual 

function is unknown” (Logue and Ó Baoill 2009). 

 

Structure B 

Structure B was approximately 9m by 4m and divided into at least two rooms with 

an entrance in the northern wall.  

The entrance…had a shallow depression within the doorway into which a 
large flat sill stone had been placed. To the rear of the entrance a shallow 
curvilinear bedding trench may mark an internal screen-like porch...North of 
the northern wall slots…were a series of large features.  From west to east, 
these were a slot cut (C. 581) and four large pits (C. 6012, C. 6013, C.  671 
and, most easterly located C. 361) (Logue and Ó Baoill 2009). 

 

Structure C 

Approximately 200 stake-holes and post-holes were excavated in southern part of 

Area 2 and 80 may be associated with a round structure, 6m in diameter. 52 of these 

stakeholes created a double-walled structure with a possible porch-like entrance in the 

southeast with another gap in the northeast, but it was uncertain if the latter gap was 

deliberate or a gap created by site disturbance.  

No obvious hearth or occupation deposits relating to the structure were 
uncovered during the excavation and its function remains uncertain. The 
outline of Structure C was intermixed with that of Structure B, a rectangular 
structure. No clear stratigraphic relationship was determined between the 
two structures. Although of a different construction that would have left 
more ephemeral remains, it would have been expected that more of a trace 
of Structure C would have been encountered where the buildings 
overlapped, had Structure C been the later building (Logue and Ó Baoill 
2009). 

 

Structure D 

Structure D was initially noted as a linear feature by topsoil stripping. 

The main linear feature has been interpreted as the eastern foundation trench 
of the wall of a Neolithic building assigned…Structure D was, like Structure 
E, aligned north-east/ south-west. The western spur off the main linear cut 
has been interpreted as representing an internal partition within the structure 
and the large pit/ posthole (C.3099) as an internal load-bearing posthole for 
a roof supporting timber. Based on these features and the [other] 
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unexcavated features, it is estimated that Structure D was roughly 8m long 
by 4m wide, similar in dimensions to Structure E (Logue and Ó Baoill 
2009). 

 

Structure E and linear feature 

Structure E was 7.60m long and 4.40m wide externally, defined on three sides by 

linear foundations with an entrance gap.   

Although the complete outline of the structure was uncovered during the 
excavation, only a 3.60m long section constituting most of the northern 
end was fully excavated. A linear feature with a rounded terminal (C. 
3305) was also partially uncovered. The function and relationship to 
Structure E is uncertain. The linear feature was a maximum recorded 
length of one metre by 0.70m wide and was 0.30m deep. The linear feature 
is clearly cut by the northern end of the later Neolithic building. As the 
feature was not further excavated, it is difficult to interpret with any 
authority. However, it may be that it represents the terminal of a palisade 
wall slot. If this is the case, it would show a very clear change in layout 
and function in this part of the Thornhill site (Logue and Ó Baoill 2009).   

 

Area 3 

While archaeological features and strata were uncovered and recorded in Area 3, 

none were excavated due to time constraints. The features included  

linear features and slots, post holes and stakeholes and the possible 
southwards continuation of defensive Palisade 4 (C. 427)…Area 3 clearly 
included significant archaeological remains, including from an examination 
of the site plan, probable structural remains (both palisades and buildings) 
as well as many other features and strata. It was not possible to verify the 
nature of these archaeological strata and features due to the time constraints 
(Logue and Ó Baoill 2009). 

 

 

10.2.2  Other Londonderry excavations 
 

Figure 10-1 highlights that the palisaded enclosure at Thornhill sits in a landscape 

dotted with numerous upstanding Neolithic monuments such as megalithic tombs and 

standing stones, along with a number of lithic scatters identified in and around the banks 

of the Foyle. About one km to the northwest of Thornhill, a Middle Bronze Age lake 

settlement site was excavated after archaeological material was noted exposed in a 

drainage ditch (Ó Néill et al. 2007). A few hundred metres to the west, an excavation 

was undertaken in order to compliment the excavations at Thornhill and investigate 

crop marks identified in aerial photography ahead of development on the Thornhill site; 
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this excavation opened up 862m² of trenches with no prehistoric structural remains 

noted, and a limited quantity of flint and quartz artefacts were found along with 

Neolithic ceramics (Ó Néill et al. n.d.). Stray finds of lithics – flint, quartz, and stone 

axes have been found in fields nearby, as well as along the shores of the Foyle (Figure 

10-1). 

 

One km to the southeast of Thornhill, on the right bank of the Foyle, a sub-

rectangular Neolithic structure was partially excavated during a rescue excavation at 

Enagh (Figure 10-1), along with a Neolithic possible hut a few hundred metres away; 

finds included lithics and Neolithic ceramic; a Bronze Age site was also excavated 

nearby during the same excavations (Mc Sparron 2003). Both of these Neolithic sites 

overlook the Foyle and are inter-visible with the Thornhill complex (Mc Sparron 1998, 

2003). Three km south of Thornhill, another Neolithic structure was excavated at Caw 

(Figure 10-1), again in a development-led excavation (Bowan 2003). The Caw structure 

produced a date of 3905–3707 cal BC from charcoal in a wall slot (Bowan 2003), while 

the Enagh structure produced two dates – 4230-3790 cal BC from charcoal in a 

construction slot, and 3770-3530 cal BC from hazelnut shells (Mc Sparron 2003, 11). 

The possible hut at Enagh produced a date of 3950-3530 cal BC from charcoal (Mc 

Sparron 2003, 12).  

 

 

10.3  Environmental background 

10.3.1  Geology 
 

The following description of the central Northern Irish geology is abbreviated from 

Long and Mc Connell (1997). The predominant bedrock around Thornhill is, similar to 

Belderrig in the previous chapter, the Dalradian Supergroup (Figure 10-2); here the 

Dalradian sedimentary series were metamorphosed, forming quartzites, psammites, 

psammitic schists, and pelitic schists.  Later tectonic activity formed granites east of 

Lough Foyle with a consequent metamorphosing of the local rock; minor igneous 

intrusions – metadolerite sills – occurred before this granite formation, which initially 

formed as quartz-bearing basaltic, doleritic, and gabbroic tholeiites. On the southern and 

eastern shores of Lough Foyle are a sequence of carboniferous rocks – limestones, 
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sandstones, siltstones, mudstones, and conglomerates (with quartz pebbles noted). The 

eastern boundary of the carboniferous sequence is formed by flint-bearing chalks whose 

eastern boundary is in turn formed by the Antrim Tertiary basalt plateau; at this time, 

further dolerite intrusions occurred on present day Lough Foyle’s northeastern shore 

(Figure 10-2). 
 

 
Figure 10-2 Central Northern Ireland bedrock geology. Data from GSI (2005b) 

 

This simplified geological description highlights that Thornhill is positioned at a 

source of quartz pebbles with vein quartz further afield – Long and Mc Connell (1997) 

note a very pure quartz vein which is up to 15m wide some 40km to the west-northwest 

of Thornhill. In situ flint is available c. 25 km to the east, with quartzites available the 

same distance to the west, and sandstones, siltstones, and mudstones available to the 

east. 

 

I conducted a rapid survey over one day to identify possible sources of quartz, 

focusing on the left bank of the Foyle close to the Thornhill site, covering around 3km 

of the shore (Figure 10-3). The right bank was not surveyed due to the expanse of mud 

flats and apparent lack of rocky shore; little could be surveyed away from the shoreline 
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due to a lack of outcrops in the vicinity. On the shore, quartz veins (approximately 

20cm max. width) were noted in the steep-sided, schist cliff face on the shoreline 

approximately 200m southeast from the site; much of the cliff is covered in dense 

vegetation so the extent of the availability is uncertain.  

 

 
Figure 10-3 Quartz sources on Foyle Estuary. Geological data from GSI (2005b) 

 

At the point of the quartz veins the shoreline is dominated by schist shingle. 

Following the river to the mouth to the northeast, the shingle gives way to 

pebbles/cobbles, with quartz (flint pebbles are also common) becoming more abundant 

and sizeable approximately at a point due east of Thornhill, with this continuing for a 

few hundred metres. The rocky shore is then replaced by mud flats for a few hundred 

metres, with the sandy/rocky shore once again appearing. At this point, quartz pebbles 

and cobbles are abundant, with numerous large cobbles (up to approximately 20cm 

max. length) apparent; this stretch continues on for a further few hundred metres to the 

north. 40 quartz cobbles were tested, with 90% proving to be smooth-grained, high 

quality quartz lacking in detrimental major fracturing. Therefore, at least at present, 

quartz is abundant 200m from Thornhill, and especially abundant in sizeable beach 

cobbles approximately 2km northeast. 
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10.3.2  Palaeoecology 
 

The River Foyle and Lough Foyle area’s quaternary deposits were principally laid 

down during the drumlin readvance and the subsequent glacial retreat, leaving a series 

of drumlins, eskers, moraines, and flat-topped terraces (McCabe 2002; NIEA 2009). 

Cooper and Gault (2002) note that post-glacial sea levels were about -30m OD c. 9500 

cal BC with a subsequent rise to about +3m OD c. 5500 cal BC after which the sea level 

fell to the present-day level. Palaeoecological investigations were carried out on a 

Middle Bronze Age lake settlement site a few hundred metres northwest and down 

slope from Thornhill  providing a localised record around the lake (Ó Néill et al. 2007) 

(Figure 10-1). At c. 3000 cal BC the environs was a closed woodland represented by 

90% arboreal taxa, with pine, oak, alder, and hazel as the predominant trees (Ó Néill et 

al. 2007, 42). For the Bronze Age, Ó Néill et al. (2007, 46) suggest the record 

reveals a gradual change from a closed, wooded landscape around the lake 
basin to a more open one in which farming activity is apparent towards the 
end of the third millennium BC. There is little evidence for specific tree 
clearance, with only gradual reductions noted in hazel and oak. Charcoal 
values do not rise until after grass and herb values start to increase, and 
burning does not seem to have been a factor in the general opening of the 
woodland. 

 

Unfortunately the Neolithic section of the record proved to be problematic (Logue 

and Ó Baoill 2009). However, Plunkett (2009 pers. comm.) has reported that Neolithic 

section becomes problematical at c. 3000 cal BC; for c. 4000-3500 cal BC the “pollen 

record suggests a heavily wooded landscape (oak-hazel-elm-pine, with a good deal of 

alder carr probably around the bog) in the bog's catchment at this time”. Therefore, with 

the Thornhill site posited as Early Neolithic, during this time the area a few hundred 

metres away remained heavily forested, with the woodland opening up in the Bronze 

Age. This identification of the lack of widespread deforestation in the Neolithic 

suggests that while the inter-visibility of Neolithic structures noted above is 

theoretically possible, the woodland would negate this.  
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10.4 Analysis 

10.4.1  Quartz condition and sources 
 

The following analysis is concerned with vein quartz, therefore terms such as 

artefact imply vein quartz artefacts unless other materials are specifically mentioned. 

The Thornhill vein quartz assemblage was 4047 pieces of which 813 were artefacts, 

nine were possible artefacts, 74 were indeterminate, with the rest (78%) deemed to be 

natural. There were also six rock crystal debitage. The vast majority of the quartz was in 

a fresh condition with sharp edges, with a minor amount of artefacts having damaged to 

significantly damaged edges. Two cores, 17 debitage, and two indeterminate pieces 

were either burnt or possibly burnt; the two cores were burnt, while the remainder were 

possibly burnt. The natural component was dominated by sub-angular to rounded 

pieces, along with some angular pieces – these are found in the natural soils in the area, 

which is glacial till. Many of the natural pieces in the glacial till can take the form of 

knapped artefacts, making judgements on the more angular pieces difficult. 

Consequently, half of the indeterminate pieces were angular fragments and 13 were 

possibly bipolar cores. Seven indeterminate pieces had rounded or sub-rounded edges; 

two of the possible bipolar cores, three other possible cores and two possible retouched 

pieces. These seven pieces were difficult to determine because the degree of edge 

roundedness ruled them out as definitive artefacts, but it was speculated that some may 

have been either collected/deposited as ‘antique’ artefacts or as items that looked like 

artefacts – six of these seven came from the structures or pits.  

 

21% of the vein quartz artefacts (53% of the cores and 13% of the debitage) were 

identified as quartz-beach, 4% as quartz from schist bedrock, and the rest were of 

indeterminable source. 23% of the vein quartz artefacts (58% of the cores and 14% of 

the debitage) had at least 1% cortex. Compared to the Belderrig assemblage, therefore, 

there is a much greater degree of cobble usage at Thornhill. This is not necessarily 

related to the greater proportion of bipolar cores at the site (see below). While 53% of 

the bipolar cores had cortex and 45% were identified as quartz-beach, 61% of the 

platform cores had cortex and 52% were identified as quartz-beach: this means that 85% 

of the cortical cores from both core groups were quartz-beach. Allowing for some 

quartz-beach cores to have been completely decortified thus reducing their perceived 

total, a rough estimate could be around a 60-80% quartz-beach assemblage for the initial 
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cores. As noted in Section 10.3.1, good quality cobbles are available in abundance in 

the environs of Thornhill. Quartz veins are also available in the schist bedrock, but it is 

unclear to what extent quartz was quarried. The largest piece of quartz from the 

assemblage was a natural, sub-rounded block weighing 335g, found in a posthole; this 

large block was presumably derived from the glacial till, highlighting that sizeable 

blocks were available from there. Whether such quartz blocks from the till were chosen 

for knapping is uncertain, and it is possible that veins were quarried instead. It is also 

possible that some of the cobbles used were also collected from the glacial till, but no 

clear evidence such as striations on the cobbles were noted. An analysis of striations on 

glacial cobbles has shown that they can appear on 33% of quartz cobbles from glacial 

deposits (Wentworth 1936, 86-7). 

 

Comparing the cortex proportions of the three datasets shows that in terms of the 

cores, the Belderrig and Thornhill assemblages have substantially different proportions 

of cortical cores; while the Experiment dataset has more cortical cores, the Thornhill 

assemblage has substantially more cores with >49% cortex (Table 10-1). However, 

looking at the debitage gives a completely different picture with Thornhill having 14% 

cortical debitage and Belderrig having 8%, both far fewer the Experiment assemblage at 

40%. Unlike the other datasets, Thornhill had, as with the cores, proportionally more 

>49% cortex flakes than 1-49% cortex flakes.  

 

Artefact Dataset Cortex 

0% 1-49% >49% Total 0% 1-49% >49% 

Count Count Count Count % % % 

Core Belderrig 36 17 2 55 65.5 30.9 3.6 

Experiment 58 98 11 167 34.7 58.7 6.6 

Thornhill 57 26 51 134 42.5 19.4 38.1 

Debitage Belderrig 3328 147 131 3606 92.3 4.1 3.6 

Experiment 865 320 261 1446 59.8 22.1 18.0 

Thornhill 530 37 52 619 85.6 6.0 8.4 

Total Belderrig 3364 164 133 3661 91.9 4.5 3.6 

Experiment 923 418 272 1613 57.2 25.9 16.8 

Thornhill 587 63 103 753 78.0 8.4 13.7 

Table 10-1 Cortex proportions. Thornhill, Belderrig, and Experiment cores and debitage 
 

The relatively high proportion of >49% cortex cores at Thornhill suggests that the 

cores at Thornhill were not decortified to a great extent before being brought to the site 

for use or deposition (as was surmised from some of the Belderrig cores). The low 

proportion of cortical flakes suggests that the debitage assemblage does not represent a 
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knapping floor assemblage to a great degree, and that the ‘missing’ cortical flakes are 

either elsewhere in the unexcavated areas of the site, or at a further remove from the site 

altogether. There is no apparent distinction between contexts in terms of cortex 

proportions of the artefacts, with all having the same low proportion, but with the 

topsoil/surface having a slightly lesser proportion of cortical artefacts than the rest (the 

differences between core types is discussed below). Therefore, there is a clear mismatch 

in the cortex proportions between cores and debitage indicating a complex pattern of 

core and debitage use and/or deposition throughout the site’s contexts. 

 

Almost all the quartz had a smooth-grained appearance with just three platform 

cores, one possible radially split core, and one bipolar flake having a sugar-grained 

appearance and three bipolar cores, one platform core, four platform flakes, two bipolar 

flakes and one <20mm debris having a sugar/smooth-grained appearance. Table 10-2 

provides the most common visual characteristics, which breaks down into eight groups, 

and covers 95% of the >10mm artefacts; the remaining 5% are slight variations of the 

main groupings. All of these have a smooth-grained appearance, and 78% are semi-

opaque; the majority of the semi-translucent artefacts have a cloudy hue and cloudy 

glass appearance. A third were vitreous with a metallic grey hue.  

 

Grain Opacity Hue Appearance Core Debitage Core/ 
debitage 

Retouched 
pebble Total 

Smooth Semi- 
opaque Cloudy Cloudy glass 22 62 - - 84 

Metallic grey Vitreous 57 196 1 - 254 

Milky white Vitreous 27 113 - - 140 

White Dull white 2 9 - - 11 

White Vitreous 11 66 1 1 79 

 
Semi- 
translucent Cloudy Cloudy glass 3 124 - - 127 

Metallic grey Vitreous 2 18 - - 20 

Milky white Vitreous - 12 - - 12 

Table 10-2 Thornhill vein quartz. Grain, opacity, hue, appearance for 95% of ≥10mm artefacts 
which fall in main eight groups 
 

Overall, 20% of the artefacts had a milky white hue; this quartz was vitreous, and 

had a plastic-like feel and appearance which was for the most part quite distinctive. The 

distinction between this milky white quartz and the white and metallic grey quartz was 

not, however, absolute, with a certain degree of gradation and artefacts feeling and 

appearing less or more ‘plastic’ than others. A number of milky white, vitreous natural 

quartz pieces were noted in the assemblage, suggesting that this type of quartz is present 
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in the glacial till. While no thin sections were taken of the Thornhill artefacts, Julian 

Menuge (2009a pers. comm.) examined two artefacts macroscopically for grain size; 

one sample had grain sizes of 2-7 mm, while the other sample was 1-3 mm. Therefore, 

the vein quartz is broadly similar in grain size to the Belderrig quartz. 

 

 

10.4.2  Contexts overview 
 

Table 10-3 provides a summary account of the proportions of artefacts, 

indeterminate pieces and natural pieces by context, with Appendix A- 86 providing a 

full account. In the following analysis a number of contexts with small quantities of 

artefacts have been variously grouped together as ‘other’, and the contexts are described 

as ‘context summary’, with the full list of contexts in Appendix A- 86. The artefacts 

came from over 50 individual contexts and over 100 fills, as well as 28 strata. 60% of 

the artefacts came from the topsoil and 18% came from the pits, with the remaining 

contexts having 8% or less each; excluding the topsoil, the average artefact per context 

was five.  

 

Context summary Artefact Indeterminate Natural Total 

Count Count Count Count 

Other 45 15 116 176 

Palisade 66 - 261 327 

Pit - possible pit 147 7 623 777 

Structure 27 5 68 100 

Stratum 49 2 106 157 

Topsoil/surface 494 45 1977 2516 

Total 828 74 3151 4053 

% % % % 

Other 25.6 8.5 65.9 100.0 

Palisade 20.2 - 79.8 100.0 

Pit - possible pit 18.9 0.9 80.2 100.0 

Structure 27.0 5.0 68.0 100.0 

Stratum 31.2 1.3 67.5 100.0 

Topsoil/surface 19.6 1.8 78.6 100.0 

Total 20.4 1.8 77.7 100.0 
Table 10-3 Thornhill quartz. Context summary: artefact, indeterminate, natural 
 

Of the main quartz-bearing features, the structures had relatively few artefacts, but 

had the greatest ratio of artefacts to indeterminate/natural pieces. The pits and topsoil 

had similar ratios of artefacts to each other, but the Area 1 pits had a greater proportion 
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of artefacts than the Area 2 pits. The 19 burnt or possibly burnt artefacts came from the 

topsoil (n=6), pits (n=7), palisades (n=2), structures (n=2), a linear slot cot (n=1), and an 

uncertain context (n=1). The pits, therefore, are over-represented with the burnt or 

possibly burnt artefacts, with three of the seven from the pits coming from one pit. 

 

 

10.4.3  Cores 
 

16% of the Thornhill vein quartz artefacts were cores, with a further two artefacts 

categorised as core/debitage and another six as possible cores (Table 10-4); in addition 

to these were the 13 indeterminate pieces that were possibly bipolar cores mentioned 

above. Just over half of the cores were bipolar, a third were platform cores, with the 

remainder being combined bipolar/platform cores and radially split cores (Appendix A- 

87, Appendix B- 24 and Appendix B- 25). Given that a bipolar knapping event will 

produce a multitude of cores compared to a direct percussion event, this ratio of 5:3 

does not imply a dominance of a bipolar technology at the site and instead may imply 

the converse, as does the dominance of platform flakes. A minor proportion of cores 

were a combination of techniques, with both bipolar-on-platform and platform-on-

bipolar cores present, especially in Area 1 which also had, proportionally, substantially 

more platform cores than Area 2. A quarter of the cores were core fragments, with the 

majority of these from the topsoil and none from the structures (Table 10-5). This may 

suggest post-depositional fracturing of the cores from the topsoil as opposed to core 

fragmentation during knapping. Many of the cores exhibited step fractures on the cores, 

with three of the platform cores being heavily step fractured. 

 

Artefact Count % 

Core 134 16.4 

Core/debitage 2 0.2 

Flake 454 55.5 

Debris 218 26.7 

Retouched pebble 1 0.1 

Possible core 6 0.7 

Possible debitage 3 0.4 

Total 818 100.0 
Table 10-4 Thornhill vein quartz artefacts and possible artefacts, excluding hammerstones 
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Context  
summary Core Count %  

context 
Palisade Complete 10 83.3 

Fragment 2 16.7 

Pit Complete 21 87.5 

Fragment 3 12.5 

Topsoil Complete 42 62.7 

Fragment 25 37.3 

Structure Complete 5 100.0 

Other Complete 24 92.3 

Fragment 2 7.7 

Total Complete 102 76.1 

Fragment 32 23.9 
Table 10-5 Thornhill core fragmentation by context 

 

Over half of the 72 bipolar and three bipolar-on-platform cores came from the 

topsoil with the pits containing 11% and remaining contexts containing less than 10% 

each; almost all of the fragments came from the topsoil, with one from the palisade and 

one from ‘other’ (Table 10-6). The palisade contained six bipolar cores, three of which 

formed a refit set knapped on a block of vein quartz.  

 

Context summary Complete Fragment Total Complete Fragment Total 

 Count Count Count % % % 

Topsoil/surface 22 20 42 41.5 90.9 56 

Pit - possible pit 8 - 8 15.1 - 10.7 

Stratum 7 - 7 13.2 - 9.3 

Palisade 5 1 6 9.4 4.5 8.0 

Linear/slot cut 4 - 4 7.5 - 5.3 

Structure 4 - 4 7.5 - 5.3 

Other 3 1 4 5.7 4.5 5.3 

Total 53 22 75 100.0 100.0 100.0 

Table 10-6 Thornhill bipolar and bipolar-on-platform cores: context 
 
 

44% of the bipolar and bipolar-on-platform cores were identifiable cobbles, with 

remainder either unidentifiable cobbles (lack of cortex) or from blocks; almost half were 

non-cortical, with the pits and structures having the greatest proportions of cortical 

cores (Appendix A- 88). Many of the cores are relatively large, and thus do not appear 

to have been worked to exhaustion, with a general spread in sizes and a number of 

outliers in the upper range; Figure 10-4 and Figure 10-5 provide the length by width and 

width by thickness of the cores and also include the radially split cores. Figure 10-6, 

Figure 10-7, Figure 10-8, and Figure 10-9 provide boxplots for both complete and 

fragment bipolar cores. Three of the bipolar cores weighed over 80g and one weighed 
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over 180g, while the overall median weight of complete bipolar cores was 20g (Figure 

10-9).  

 

 
Figure 10-4 Thornhill. Complete bipolar, 
bipolar-on-platform and radially split cores: 
length/width ratio 
 

 

 
Figure 10-5 Thornhill. Complete bipolar, 
bipolar-on-platform and radially split cores: 
width/thickness ratio 

 
Figure 10-6 Thornhill. 
Boxplot. Bipolar core 
length 
 

 
Figure 10-7 Thornhill. 
Boxplot. Bipolar core 
width 

 
Figure 10-8 Thornhill. 
Boxplot. Bipolar core 
thickness 

 
Figure 10-9 Thornhill. 
Boxplot. Bipolar core 
weight
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Appendix A- 89 provides the means for complete and fragment bipolar cores. Using 

the log transformations, the 50 complete bipolar cores were analysed for any 

discernable differences for the various metrics between the Areas, contexts, and cortex 

presence. The differences in means of the five metrics for the three variables were not 

significant (Appendix A- 90 and Appendix A- 91). The three bipolar-on-platform cores 

all fell in the upper range for length and two for width and thickness as well. 

 

As noted, the complete bipolar cores were generally large. The Thornhill and 

Experiment bipolar cores were compared using the log transformations, with the 

Belderrig dataset excluded due to its low numbers. Between the Thornhill and 

Experiment datasets, the difference in means for all metrics was significant (Table 

10-7), with the Thornhill cores heavier and larger in all dimensions, with a lower 

length/weight ratio. Figure 10-10, which also includes the two from the Belderrig 

assemblage, highlights that the Thornhill bipolar cores are in the upper size range, 

especially in terms of width and thickness thus accounting for the low length/weight 

ratio. 

 

Source Dependent Variable Type III 
Sum of Squares df Mean  

Square F p 

Dataset Weight (LOG) 8.003 1 8.003 60.856 0.000 

 Max Length (LOG) 0.542 1 0.542 25.134 0.000 

 Max Width (LOG) 0.697 1 0.697 30.696 0.000 

 Max Thickness (LOG) 1.134 1 1.134 48.663 0.000 

 Length/weight ratio (LOG) 4.380 1 4.380 65.686 0.000 

Table 10-7 GLM. Thornhill and Experiment complete bipolar cores 
 

The platform and platform-on-bipolar cores came primarily from the topsoil and 

pits, with the majority of the core fragments from the pits (Table 10-8). Half (n = 26) 

were single platform cores, which included five single platform-on-bipolar cores; one of 

the platform-on-bipolar cores from Area 1 was retouched as a scraper; this medium-

sized core also contained a direct percussion flake removal, creating a surmised finger 

rest on the scraper Appendix B- 24.25 

 

                                                           
25 Unfortunately, the context fill number it came from, while noted on the bags, is not registered in the 
site archive as a context fill (Ó Baoill 2009 pers. comm.); this same fill also produced a retouched 
multiplatform core along with three other cores and eight flakes, one of which was a scraper. Therefore 
almost a quarter of this fill’s artefacts were retouched. 
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Figure 10-10 Scatterplot: length, width, thickness. Complete bipolar cores for three datasets 

 

A greater than average proportion of the single and multiplatform cores came from 

the pits while a greater than average proportion of the dual, opposed and dual, right 

angled cores came from the topsoil (Appendix A- 92). Over half were cobble-based, 

with the remainder either unidentifiable cobbles or from blocks, with three non-cobbles 

cores having cortex; a greater proportion of the single platform cores were cobble-based 

and cortical cores (Appendix A- 93). Four single platform and one dual, right angled 

core were conically-shaped cores. 

 

Context summary Complete Fragment Total Complete Fragment Total 

Count Count Count % % % 

Topsoil/surface 19 1 20 41.3 20.0 39.2 

Pit - possible pit 13 2 15 28.3 40.0 29.4 

Palisade 5 1 6 10.9 20.0 11.8 

Stratum 3 - 3 6.5 - 5.9 

Posthole 1 - 1 2.2 - 2.0 

Structure 1 - 1 2.2 - 2.0 

Linear/slot cut 1 - 1 2.2 - 2.0 

Other 3 1 4 6.5 20.0 7.8 

Total 46 5 51 100.0 100.0 100.0 

Table 10-8 Thornhill. Platform and platform-on-bipolar cores: context 
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Two single platform cores and two dual, opposed cores were core-on-flakes and 

were both small and large cores; one of these single platform cores also had distal 

impact marks. Overall, five single platform and five multiplatform cores (20% of total 

platform cores) had distal impact marks suggesting platform-on-anvil cores, and these 

included both smaller and larger cores; two of these single platform also had possible 

evidence of bipolar strikes. Another five platform-on-bipolar cores also exhibit distal 

impact marks, but in these cases from the bipolar striking.  

 

As well as the bipolar core scraper mentioned previously, two of the platform cores 

were retouched – a mid-sized, retouched complete multiplatform core came from the 

same fill as the scraper, and a small, retouched single platform core fragment came from 

Pit 607. It is unclear if the latter is a fragment as a result of a core break during 

knapping, or through breakage during use. One refit set was noted – in Area 3, a 

possible post/stakehole (C.2349) produced a single platform core, with two refitted 

flakes; along with these three artefacts were 10 angular fragments categorised as 

indeterminate, but possibly natural, as well as 6 natural quartz, one of which weighed 

335g making it the largest piece of quartz in the assemblage. 

 

Appendix A- 94 provides the metrics’ means by platform core type for the complete 

cores; all the core types’ means have large standard deviations, highlighting the wide 

range in sizes for all types. As with the bipolar cores, the complete platform cores were 

analysed for any discernable differences between the core types, contexts, Areas, cortex 

presence, and quartz type for the various metrics, also using the log transformations. For 

core type, context, and Area, the differences in means for the various metrics were not 

significant (Appendix A- 95). For cortex presence, however, the difference in means 

was significant for all metrics (Appendix A- 95), with the cortical cores being on 

average heavier and larger in all dimensions, and with a lower height/weight ratio than 

the non-cortical cores (Table 10-9). For the quartz sources (beach and generic quartz), 

the differences in means were significant for all metrics except for length/weight ratio, 

with the quartz beach larger (Appendix A- 95); the differences between the cores with 

cortex, and the cobble-based ones can be discerned by the increase in p values for all 

metrics for the quartz types, highlighting the slight difference between the cobble-based 

and block-based cortical cores. Figure 10-11 and Figure 10-12 show scatterplots of 
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length/width and width/thickness, highlighting the lack of grouping by core type and the 

dominance of cortical cores in the middle and upper size ranges.  

 

Cortex   Weight Max 
Length 

Max 
Width 

Max  
Thickness 

Length/Weight  
ratio 

Non-cortical N 18 18 18 18 18 

 Mean 51.96 41.07 33.38 25.06 1.44 

 Std. Deviation 55.75 16.65 13.63 8.33 0.90 

 Median 33.82 36.25 29.95 23.75 1.30 

Cortical N 28 28 28 28 28 

 Mean 107.91 55.25 45.67 34.86 0.94 

 Std. Deviation 97.21 22.64 19.06 15.78 0.77 

 Median 56.44 47.45 41.25 30.10 0.83 

Total N 46 46 46 46 46 

 Mean 86.02 49.70 40.86 31.03 1.13 

 Std. Deviation 87.21 21.48 18.02 14.11 0.85 

Median 48.13 45.25 37.65 27.5 0.89 

Table 10-9 Thornhill. Complete platform cores: mean and median by cortex presence 
 

The Thornhill cores contained both a much greater size range and substantially 

smaller cores compared to the Belderrig assemblage, with the Belderrig cores producing 

a tighter cluster of cores in the middle and upper range of length/width/thickness 

(Figure 10-13). Using the log transformations, five metrics of the Thornhill and 

Belderrig cores were compared. The differences in means between the two assemblages 

were significant for all metrics (Table 10-10). Overall, the Belderrig cores’ means for 

all metrics were greater, with smaller standard deviations, and a much lower 

length/weight ratio which is the result of much thicker cores (Appendix A- 96). 

Appendix A- 96 includes the medians for the metrics, highlighting the greater size of 

Belderrig cores.  
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Figure 10-11 Thornhill. Complete platform cores: length/width scatterplot by cortex presence 
 

 
Figure 10-12 Thornhill. Complete platform cores: width/thickness scatterplot by cortex presence 
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Figure 10-13 Complete platform cores. Belderrig and Thornhill 

 

Source Dependent Variable Type III  
Sum of Squares df Mean 

Square F p 

Dataset Max Length (LOG) 0.186 1 0.186 8.911 0.004 

 Max Width (LOG) 0.151 1 0.151 6.919 0.010 

 Max Thickness (LOG) 0.178 1 0.178 8.731 0.004 

 Weight (LOG) 1.922 1 1.922 13.618 0.000 

 Length/weight ratio (LOG) 0.911 1 0.911 14.490 0.000 

Table 10-10 GLM. Belderrig and Thornhill complete platform cores 
 

 

10.4.4  Debitage 
 

Debitage accounted for 82% (n= 672) of the vein quartz artefacts (Appendix A- 97), 

with a further six pieces of rock crystal debitage (Appendix A- 98). The following 

analysis focuses on the vein quartz. Flakes were 68% of the debitage, a higher 

proportion than the Belderrig or Experiment datasets; the topsoil contained 59% flakes, 

with most of the other contexts having 80% or over. There was only a small proportion 

of <10mm debris, highlighting the difference in contexts between the knapping floors of 

the experimental and Belderrig assemblages and the varied contexts of the Thornhill, 

none of which appear to be knapping floors or the deposition of small knapping floor 
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artefacts (Figure 10-14). This stands in contrast to the high proportion of cores in the 

Thornhill assemblage compared to the other datasets. As with Belderrig, there is an 

apparent diminutive proportion of <20≥10mm slivers compared to the Experiment 

dataset; however, the sliver/debris ratio for <10mm debris is greater for Thornhill 

(60:40) compared to Belderrig (52:48), as seen in the sharper rise to the right of the 

chart for Thornhill (Figure 10-14). A similar proportion of <10mm debris came from 

the topsoil, the structures, and the pits, with less from the palisade, and none from any 

other contexts. 

 

 
Figure 10-14 Debris proportions: Experiment, Belderrig, and Thornhill 
 

There were 454 flakes, with 54% from the topsoil; 14% were identified as bipolar 

flakes (Table 10-11 and Appendix B- 26). The palisades and structures had above 

average proportions of bipolar flakes, and, as with the bipolar cores, the pits had below 

average proportions of bipolar flakes. Overall, 5% of flakes were complete with 3% 

(n=2) of the bipolar flakes complete (Appendix A- 99) – for the Experiment dataset, a 

much higher proportion of bipolar flakes were complete (37%) compared to the 

platform flakes. While the pits contained 21% of the flakes, they contained 48% of the 

complete flakes, and the structures contained 4% of the flakes but contained 13% of the 

complete flakes; many contexts had no complete flakes (Appendix A- 99). This 

discrepancy in the distribution of complete flakes suggests three possibilities: 
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1. A part of the higher rate of fragmentation of the flakes in the palisades, strata, 

and topsoil does not originate from fracturing during knapping, but rather from 

use/post-depositional factors.  

2. The greater proportion of complete flakes in the pits and structures originates 

from the purposeful deposition of complete flakes in these contexts. 

3. A combination of the above two. 

Using correspondence analysis (see Shennan 1997), Figure 10-15 plots the relationship 

between the flake fragmentation and the five main contexts. While the complete flakes 

are far from all contexts, they are closest to the pits and structures and furthest from the 

topsoil; the mesial fragments are closest to the topsoil, while the closest relationships 

are stratum and distal missing, and structures and proximal missing. 

 

Context summary Bipolar Platform Total Bipolar Platform Total 

Count Count Count % context % context % context 

Other 2 17 19 3.1 4.4 4.2 

Pit/posthole - 1 1 - 0.3 0.2 

Posthole - 3 3 - 0.8 0.7 

Linear/slot cut 1 1 2 1.6 0.3 0.4 

Palisade 14 30 44 21.9 7.7 9.7 

Pit - possible pit 9 84 93 14.1 21.5 20.5 

Structure 7 11 18 10.9 2.8 4.0 

Stratum 1 27 28 1.6 6.9 6.2 

Topsoil/surface 30 216 246 46.9 55.4 54.2 

Total 64 390 454 100.0 100.0 100.0 

Table 10-11 Thornhill vein quartz flakes. Technique and context 
 

 
Figure 10-15 Thornhill. Correspondence analysis. Flake fragments and context summary 
 

Appendix A- 100 provides a full list of fragment types for bipolar and platform 

flakes, with Table 10-12 providing a summary account. As noted in the previous 
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chapter, for the categorising of flakes the definitive bipolar flakes were labelled 

‘bipolar’ while platform flakes and flakes in general were labelled ‘platform’, and no 

third category of flake type was used. While this will possibly inflate the perceived 

amount of ‘platform’ flakes, in the fragment groups of mesial, distal, and proximal 

missing (Table 10-12), these three groups account for just 30% of the overall flake 

fragments.  

 

Fragment grouped Bipolar Platform Total Bipolar Platform Total 

 Count Count Count % % % 

Complete 2 21 23 3.1 5.4 5.1 

Mesial L/R missing - 5 5 - 1.3 1.1 

Distal missing 17 90 107 26.6 23.1 23.6 

Proximal missing 2 35 37 3.1 9.0 8.1 

Lateral 2 19 21 3.1 4.9 4.6 

Mesial 1 68 69 1.6 17.4 15.2 

Distal 2 32 34 3.1 8.2 7.5 

Proximal 38 120 158 59.4 30.8 34.8 

Total 64 390 454 100.0 100.0 100.0 

Table 10-12 Thornhill. Bipolar and platform flake fragment groups 
 

54% of the assemblage’s ≥10mm debitage had complete or partial platforms, which 

is a much greater proportion than the Belderrig or Experiment datasets (which had 33-

35%), but with a similar proportion of complete flakes to Belderrig. Looking at the 

platform flakes, almost all the complete platforms were flat, with just one faceted 

platform (Appendix A- 101). There was a high degree of platform collapse, with may 

relate to the relative thinness of the flakes (see below). Unlike the Belderrig assemblage, 

that had no evidence for platform preparation, 11% of the platform flakes had platform 

preparation – 8% prepared and 3% abraded. Two debitage exhibited evidence for the 

use of a punch for indirect percussion – one proximal flake fragment with a prepared 

platform that had collapsed and one rock crystal <10mm sliver. 

 

The greater presence of bulbs and compression rings on the Thornhill platform 

flakes highlights the different type of quartz compared to the Belderrig quartz – 6% of 

the flakes had bulbs compared to 2% in the Belderrig assemblage and 5% of the 

experimental flakes; 3% of the Thornhill flakes had compression rings, while the 

Belderrig assemblage had none visible and the experimental assemblage had 0.3%. Just 

over half of the flake terminations were feather, with very few step terminations, which 

stands in contrast to the degree of step terminations visible on the cores; a much higher 
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proportion of plunging and retouched terminations were in the Thornhill assemblage 

compared to the Belderrig. 45% of the flakes were straight. For the bipolar flakes, the 

majority of the platforms were collapsed; for those with complete platforms, the 

majority were rounded (Appendix A- 102). No bulbs or compression rings were present. 

58% of the flakes were straight and 60% of the terminations were feather. 

 

The breaks were dominated by longitudinal only breaks, with few transverse and 

transverse only breaks, and with very few longitudinal or transverse clean breaks 

(Appendix A- 103). The platform flakes had a slightly lesser proportion of siret breaks 

than the Belderrig assemblage and the bipolar component had just one. Little patterning 

could be discerned in terms of the distribution of break types by context, except that the 

palisades had a greater proportion of both siret and clean breaks than other contexts. 

While the siret proportions of the Belderrig assemblage were compared to the 

experimental assemblage to ascertain whether soft or hard hammer was used, this 

analysis was not conducted on the Thornhill assemblage because the debitage appears to 

have been a selection of certain flakes brought from a knapping floor onto the excavated 

area. However, as 100% of the flakes with complete platforms exhibited impact marks, 

this suggests the use of hard hammer – for the experimental dataset, 79% of the 

complete soft hammer flakes had impact marks compared with 96% of the hard hammer 

direct and bipolar flakes. 

 

The complete flakes from the assemblage were generally small with only a handful 

greater than 25mm in length; the mean length was 20.5mm. Comparing the means of 

the techniques, the (two) complete bipolar flakes were slightly longer than the complete 

platform flakes, but the bipolar were narrower and half the thickness of the platform 

flakes (Appendix A- 104). Figure 10-16, Figure 10-17, and Figure 10-18 provides the 

length, width, and thickness for complete and fragment flakes, comparing stratum, 

topsoil, pit/possible pit, palisade, and structure. 
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Figure 10-16 Boxplot. Length. 
Thornhill flakes: stratum, 
topsoil, pit/possible 
pit/palisade, structure 
 

 
Figure 10-17 Boxplot. Width. 
Thornhill flakes: stratum, 
topsoil, pit/possible 
pit/palisade, structure 
 

 
Figure 10-18 Boxplot. 
Thickness. Thornhill flakes: 
stratum, topsoil, pit/possible 
pit/palisade, structure

 

 
Figure 10-19 Thornhill. Scatterplot. Bipolar and platform flakes for selected fragment groups 

 

The complete flakes from the pits and structures were smaller, and especially 

thinner, than those for the topsoil, but the same pattern does not hold for the flake 

fragments from the pits, where the median width and thickness was greater and median 

length just slightly lower than the topsoil component. The stratum contained only one, 

small, complete flake, but their flake fragments’ median length and width was the 
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greatest overall. Figure 10-19 shows the length/width scatterplot for the fragment 

groups with the larger fragments – complete, lateral, proximal missing, distal missing, 

and mesial left/right missing. Few flakes are >40mm in length and the larger flakes are 

primarily the proximal missing and distal missing fragments. Over half of the complete 

platform flakes have a length/width ratio of 1:1 or less with none over 2:1; both bipolar 

complete flakes have a length/width ratio of close to 2:1. 

 

Compared to the Belderrig assemblage, the length/width and width/thickness 

scatterplots show that the complete platform flakes from Thornhill are much smaller, 

and relative to size, much thinner with almost all having a width/thickness ratio of 2:1 

or greater (Figure 10-20 and Figure 10-21). The Belderrig mean length/weight ratio was 

7:1 while Thornhill’s was 10:1; comparing the median, the difference was even greater, 

with Belderrig’s at 4:1 and Thornhill’s at 9:1. These ratios highlight the considerable 

comparative thinness of the Thornhill flakes. Consequently, the mean platform 

thickness was also much less for Thornhill (Figure 10-22); however, while Thornhill’s 

mean platform thickness was 40% less than Belderrig, their platform width was only 

25% less (median platform thickness – 45% less; median platform width – 23% less). 

Using the log transformations, the two datasets’ complete flakes were compared for 

seven metrics. The differences in means between Thornhill and Belderrig were 

significant for all metrics tested, apart from max. width (Table 10-13). 

 

Source Dependent Variable Type III Sum  
of Squares df Mean  

Square F p 

Dataset Max Length (LOG) 0.322 1 0.322 8.195 0.005 

 Max Width (LOG) 0.116 1 0.116 2.470 0.119 

 Max Thickness (LOG) 0.736 1 0.736 12.025 0.001 

 Platform Width (LOG) 0.233 1 0.233 4.153 0.044 

 Platform Thickness (LOG) 0.737 1 0.737 11.927 0.001 

 Weight (LOG) 2.781 1 2.781 6.693 0.011 

 Length/weight ratio (LOG) 1.209 1 1.209 5.380 0.022 

Table 10-13 GLM. Belderrig and Thornhill complete quartz flakes 
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Figure 10-20 Length/width scatterplot.  
Complete platform flakes: Thornhill and Belderrig 
 

 
Figure 10-21 Width/thickness 
scatterplot. Complete platform flakes: 
Thornhill and Belderrig 

 

 
Figure 10-22 Means. Complete platform flakes: Belderrig and Thornhill 
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10.4.5  Diagnostic types 
 

The Thornhill assemblage contained 40 diagnostic types and three possible 

retouched artefacts; two of the 40 were retouched rock crystal flakes; nearly half came 

from the topsoil and almost a third came from the pits (Appendix A- 105). The biggest 

collection of diagnostic types from the same fill came from Pit 140, which had three 

retouched flakes and a dual, opposed core scraper along with 15 flakes, five cores and a 

core/debitage; apart from the topsoil this context/fill was the second largest collection of 

artefacts together, after Pit 2966 which contained a rock crystal retouched flake along 

with 2 cores, 18 flakes, and 12 <20mm debris in a single fill (Appendix A- 105). 

Overall, there were seven scrapers, two borers, one retouched pebble, two retouched 

cores, one retouched bipolar flake, 24 retouched platform flakes, and three retouched 

debris. One scraper was on a bipolar core while another was on a core/debitage with the 

remainder on platform flakes. Four of the five artefacts on flakes were convex-

retouched on the distal end, with two on plunging terminations; the other was a lateral-

retouched scraper (Appendix B- 26). Scrapers on plunging terminations were also noted 

in the flint assemblage (Nelis 2004). Table 10-14 provides the angle, delineation, and 

localisation for the 31 retouched artefacts (excluding scrapers and borers). The majority 

had abrupt retouch, with just one low angled. Half had rectilinear retouch, and 10% had 

concave. The largest grouping was abrupt, rectilinear retouch on lateral edges. 

 

Angle Delineation Localisation Count Angle Delineation Localisation Count 

Abrupt Concave Proximal left 2 Semi-abrupt Concave N/A 1 

 Convex N/A26 2  Convex Distal 1 

  Distal 2   Distal left 1 

  Distal left 1   Lateral left 2 

  Lateral left 1  Rectilinear Distal 1 

  Lateral right 1   Distal right 1 

 Rectilinear N/A 2   Lateral right 1 

  Distal 3 Low Convex Distal left 1 

  Distal left 1     

  Lateral left 3     

  Lateral right 4     

Table 10-14 Thornhill. Retouched artefacts (excluding scrapers and borers). Angle, delineation, 
localisation 

 

                                                           
26 N/A indicates retouched debris or pebble where localisation could not be discerned due to lack of 
proximal/distal end to orientate. 
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Only two of the diagnostic flakes were complete, with a number being small 

fragments (Figure 10-23 and Figure 10-24). These scatterplots highlight that the 

scrapers are generally the largest, but that two are quite small and these are small 

fragments rather than small artefacts per se. The diagnostic flakes’ means were 

compared to the non-retouched flakes of the assemblage to ascertain any differences in 

sizes. The analysis excluded the retouched cores, core/debitage, and debris in order to 

compare flakes with flakes and in order to avoid bias created by small fragments, only 

artefacts ≥1g were analysed; the resultant flakes for analysis were two borers, five 

scrapers, and 17 retouched flakes, and 285 non-retouched artefacts for analysis 

(Appendix A- 106). While the scrapers’ mean and median metrics were larger for 

weight and the three dimensions, the differences in means between the four artefact 

types for the four metrics were not significant (Appendix A- 107). 

 

 
Figure 10-23 Thornhill complete and fragment 
diagnostic types. Length/width 

 

 

 

 

 

 

 
Figure 10-24 Thornhill complete and fragment 
diagnostic types. Width/thickness 
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10.4.6  Palisades, structures, and pits 
 

This section focuses on the main contexts of the palisades, structures, and pits, with 

the artefacts from other contexts presented in the appendices – Appendix A- 108 for 

stake/posthole and linear/slot cuts; Appendix A- 109 for the strata; Appendix A- 110 for 

the topsoil; and Appendix A- 111 for miscellaneous finds. The majority of the quartz 

artefacts from the palisades came from Palisade 4 (see Plan 4 for all Area 2 contexts 

mentioned), and derived from 13 fills from the palisade; half of the artefacts came from 

the upper fill and fills that were capping fills of two pits interpreted as originating from 

the burning episode of Palisade 4 (Appendix A- 112). No difference was discerned 

between the upper and lower fills in terms of artefact types, except that the three 

retouched artefacts all came from the upper fill or capping fills. The palisade had a high 

proportion of bipolar flakes; C.320, the capping fill of Pit C.607 had six bipolar flakes 

along with one platform flake and two single platform cores. 

 

Out of the five structures, quartz artefacts came from three – Structures A, B, and D. 

While Structure E contained the greatest quantity of non-quartz artefacts – 30 from 

Structure E, 14 from Structure B/C, and eight from Structure A (Nelis 2004, 332) – it 

produced no quartz artefacts. The upper fill of Structure D’s eastern foundation trench 

contained a platform flake fragment (Appendix A- 113 and Plan 5). 

 

Structure A’s quartz came from C.311, the southern discontinuous, foundation 

trench (Appendix A- 113 and Plan 6). C.318, interpreted as packing fill above the basal 

context, contained a small complete bipolar core with a large cavity in the centre of the 

core, and a platform flake fragment. C.319 was one of the uppermost fills and overlay 

C.318; it contained a bipolar core, a small borer, two bipolar flake fragments, one 

platform flake fragment, and two debris. The latter platform flake was a thick fragment 

on different quartz than the rest of the assemblage, and one of the debris was >20mm 

and was possibly burnt. 

 

Structure B contained quartz in nine contexts (Appendix A- 113 and Plan 7). C.717, 

interpreted as an internal porch, contained one complete bipolar flake, and an 

indeterminate piece with flake removals but with rounded edges. C.430 was sealed by a 

large flat stone interpreted as a threshold stone, and contained a complete bipolar core. 
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C.571, a fill of a southern side foundation trench, had two platform flakes, one fragment 

and one complete. The other southern side foundation trench terminated in a posthole 

C.583 which contained one complete bipolar core formed on one of the few 

sugar/smooth materials from the assemblage, and four indeterminate pieces; three of 

these were possible cores, but with sub-rounded edges - a possible bipolar core, a 

possible platform core, and a possible core/flaked pebble. C.527, fill of the east wall 

foundation trench, contained two <10mm debris. C.545, an upper fill of a northern 

foundation trench contained a thick, heavy, complete multiplatform core that was burnt, 

along with a complete platform flake. The final stretch of the northern foundation trench 

contained two fills, with the lower fill, C.715, containing four bipolar flake fragments 

and two platform flake fragments; the two platform flakes were proximal fragments that 

conjoined. The fill (C.548) of a large posthole in the northeastern corner of the eastern 

room contained a platform flake fragment and an interior stakehole (C.379), possibly 

forming part of an internal division of the structure, also contained a platform flake 

fragment. 

 

Structure A cut through three conjoined pits (for Area 2 pits see Appendix A- 114), 

which were interpreted as blocking the palisade entrance. C.325, the southerly of the 

three, contained several dozen fills with artefacts from four – C.2791 contained three 

possibly burnt platform flake fragments, C.2727 contained one bipolar flake fragment, 

C.2810 contained a complete bipolar core, and C.2813 contained a complete bipolar 

core and two possible bipolar cores. The central pit of the three had a posthole (fill 

C.2846), with a small platform flake fragment. Pit C.784, near to the conjoined pit 

group and interpreted as also blocking the palisade entrance, was cut by C.783, which 

was possibly related to Structure A; pit C.784 contained five fills, with artefacts in one; 

this had one conically-shaped complete single platform core, and one indeterminate 

piece that is possibly a retouched flake fragment, but had rounded edges. 

 

A second group of ritual pits (C.606, C.6001, and C.868), also surmised to have 

been constructed to deliberately block the settlement entrance (Logue and Ó Baoill 

2009), were located 1.5 m southwest of pits conjoined ritual pits C.325 and C.784. Of 

these three pits, two contained artefacts – Pit C.606 and C.868. Pit C.868, which 

contained a possible recut to hold a post and cut Palisade 3a, contained about 30 fills 

with artefacts in one – it held a dual, right angled core and two platform flakes. Pit 
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C606, which cut Palisade 4, contained 11 fills with a bipolar flake and a platform flake 

in one fill. 

 

Five large pits ran in a line immediately west of Palisade 4, of which four contained 

artefacts. Pit C.425 had seven fills with artefacts in three – fill C.477 had a platform 

flake fragment and an indeterminate piece (a possible bipolar split cobble and also 

possibly burnt); fill C.478 contained a retouched platform flake fragment and a 

<20≥10mm sliver; fill C.479 contained two platform flake fragments. Pit C.855 had 10 

fills with two artefacts from unlisted fill(s) – a complete platform flake and a 

<20≥10mm debris which was possibly burnt. Pit C.424 cut Pit C.425 and had five fills 

plus an upper fill (C.1461) which may represent the burning episode of Palisade 4 (Ó 

Baoill 2009 pers. comm.) and contained a quartz hammerstone; three other fills 

contained quartz – C.492 contained a platform flake fragment, a core/debitage, and a 

quartz hammerstone; C.493 contained a platform flake fragment and two <20≥10mm 

debris; C.494 contained a complete multiplatform core. Pit C.423 cut Pit C.855 and had 

three main fills with artefacts in all – fill C.511 contained two platform flake fragments; 

C.512 contained a single platform core fragment and a complete multiplatform core; 

C.513 contained a possible flake. Pit C.423 had three deposits above, possibly related to 

the burning of Palisade 4, one of which (C.509) contained a retouched pebble, a 

complete single platform core, and a platform flake fragment. 

 

Between the two sets of conjoined pits, Pit C.607, which was cut by the construction 

of Palisade 4, contained artefacts in four of the eight contexts. There were 1 bipolar 

flake and 15 platform flakes, one of which was possibly burnt and another was a 

scraper. 

 

Pit C.2966, which is not in the stratigraphic report or site plan but is recorded by 

Logue (2003), contained the most artefacts of the pits; it contained 33 artefacts, 

including a bipolar and multiplatform core, a bipolar flake, 17 platform flakes, a 

retouched rock crystal platform flake, with the remainder being <20 mm debris. 

Adjacent to Structure B was a pair of pits, one of which (C.360) contained a single fill 

with a small platform flake fragment with a cavity on its ventral face. South of the 

structure was another pit (C.529) which contained a complete platform flake scraper, 

two small retouched flake fragments, a platform flake fragment, and two <10mm debris 
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– no fill was recorded for these artefacts.  A possible slot cut adjacent to Structure B, 

which was recorded on plan as 4.4m in length, contained in the upper fill (C.582) three 

complete bipolar cores, a complete single platform core, and platform flake fragment 

and a >20mm debris. 

 

The pits in Area 1 (Appendix A- 115) are interpreted as situated in an area set aside 

for ritual activity (Logue and Ó Baoill 2009). Of the 35 pits in Area 1, artefacts were 

uncovered from 10; eight were single fill pits while two contained three fills each with 

artefacts from one fill each. The pits had a greater proportion of platform cores to 

bipolar cores than any contexts from Area 2. While artefacts came from 10 pits, half of 

the artefacts came from one of the pits – Pit C.140 contained six cores, one of which 

was retouched as a scraper, and 18 flakes, three of which were retouched; one of the 

flake fragments was of a different quartz that was possibly burnt. As well as the 10 pits 

with artefacts, there were six pits with only natural quartz present and nine of the 10 pits 

with artefacts also contained natural quartz; while these 10 artefact-bearing pits had a 

greater ratio of quartz artefacts to natural quartz pieces compared to the pits in Area 2, 

Area 2 had more pits with only artefacts and no natural quartz and Area 1 had more pits 

with only natural quartz (Figure 10-25). 

 

The Area 2 pit group C.423, 424, 425, and 855 lay outside of the palisades, and 

apart from Pit C.855, these pits contained a large quantity of natural quartz, especially 

small, complete beach pebbles (pebbles defined as GD 4-64mm). Figure 10-26 presents 

the proportions of natural quartz in three pits, sub-dividing the quartz into beach pebbles 

and lumps derived from the glacial till; however, it is possible that some of the pebbles 

also came from the glacial till. While the excavators noted that these pits may represent 

storage pits (Logue and Ó Baoill 2009), these pebbles and lumps were all small, 

suggesting that the pits do not represent a caching of lithic material.  
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Figure 10-25 Thornhill pits: artefact/natural ratios. Rows 1 and 2: Area 1 pits. Pit C.325, Posthole C.2839, and Pit C.784 = conjoined pits. Pit C.423, Pit C.424, Pit 
C.425, and Pit C.855 = pit group. Pit C.606 and Pit C.868 = conjoined pit
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Figure 10-26Thornhill Pits C.423, C.424, C.425. Pebbles = derived from beach. Lump and fragment 
= pieces presumably derived from glacial till with lumps deemed as ‘complete’ and fragments being 
fragmented lumps 

 

Pit C.423’s (no section diagram available) base was interpreted as having been 

timber-lined and the basal layer (C.513) contained one possible flake fragment on a 

poor quality quartz along with eight complete pebbles, one split pebble, five lumps, and 

two fragments; the next layer (C.512) contained two cores along with six pebbles, one 

split pebble, nine lumps, and two fragments; the next layer (C.511) contained two flakes 

fragments along with 40 complete pebbles, six split pebbles, eight lumps, and five 

fragments. Pit C.424 also contained numerous pebbles in the basal layer and a core in 

the next layer (Figure 10-27). C.425 also had no artefacts in the basal layer, with the 

artefacts appearing in the upper layers, appearing with numerous pebbles (Figure 

10-28).  
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Figure 10-27 Thornhill Pit C.424 contexts. Adapted from Logue and Ó Baoill (2009) 

 

 
Figure 10-28 Thornhill Pit C.425 contexts. Adapted from Logue and Ó Baoill (2009) 

 

While many of the quartz pieces in these and other pits could be interpreted as being 

deposited through the backfilling of soil which contained quartz, the high proportion in 

many of the deposits, especially of small beach pebbles, suggests that these represent 

purposive deposition of ‘natural’ quartz and not a random deposit of pebbles and lumps 

or caching of lithic raw material; out of the 21 pits which contained 343 pebbles, there 

were just two beach cobbles (defined as GD 64-256mm), and almost all the pebbles and 

lumps were GD <20mm, with pits from Area 1 containing larger natural pieces than the 

Area 2 pits. While small flint pebbles were noted on the Foyle shoreline during the 

present survey (see above, Section 10.3.1), this material was not deposited in pits in the 

same manner as quartz suggesting a difference in the treatment of these materials. 
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10.4.7  Comparison to non-quartz assemblage 
 

Unlike the Belderrig assemblage, the Thornhill assemblage contained a substantial 

non-quartz component. Nelis (2004) analysed the Thornhill non-quartz flaked stone 

assemblage as part of a Ph.D. on the Northern Irish Neolithic, and the following 

comparison is based on her thesis. Unfortunately, the non-quartz analysis was 

conducted before the stratigraphic report was completed; therefore, it is not possible to 

compare the spatial distribution of the assemblage, as only a limited amount of context 

descriptions were available to her. Nelis (2004, 79-89) provides a glossary of terms used 

in her thesis, but some terms in the glossary remain undefined. Unusually, Nelis (2004, 

82) describes ‘debitage’ as including cores which are categorised as separate from 

debitage in this thesis, and by most lithic analysts; she comments that the term debitage 

“describes all material resulting from primary reduction which is not subsequently 

modified or utilised as a tool”. For what is termed ‘debris’ in this thesis, Nelis (2004, 

88) appears to use the term ‘angular shatter’, saying that ‘angular shatter’ is “chips and 

spalls” but does not define what chips and spalls are; shatter also includes ‘flake shatter’ 

(following Andrefsky (1998)) which are defined as flake fragments in the present 

analysis. While Nelis (2004, 85) comments that ‘microdebitage’ is defined by size, she 

does not state the size definition she uses. Not so unusually, but incorrectly (see Section 

4.5), Nelis (2004, 89) describes a ‘stone tool’ as “an artefact that has been secondarily 

modified by retouch or use…debitage is not considered to be tools, but would be 

considered artefacts”. In a number of instances, Nelis (2004) provides contradictory 

quantities of artefacts; in order for clarity here, the differing quantities have been cited. 

Therefore, with these comments in mind, the non-quartz component will be compared 

the quartz. 

 

One chert/basalt and 616 flint flaked stone artefacts were analysed. Cores accounted 

for 1.8% (n=11) of the assemblage and core tools for 0.6% (n=4), giving a total of 15 

cores (Nelis 2004, 296); however, Nelis (2004, 301) then states that there were 14 cores 

in total. Complete flakes and blades accounted for 21% (n=135) of the assemblage, 

“flake/blade shatter” for 24% (n=148), “angular shatter” for 10.4% (n=64), and 

“modified” for 35% (n=216) (Nelis 2004, 296). With limited spatial information, Nelis 

(2004, 331) noted that 40% of the non-quartz assemblage was from the 

“topsoil/unlocated”; while Structure E contained 30 non-quartz artefacts – the largest 
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quantity from the structures – no quartz artefacts were noted; Structure A had six non-

quartz modified pieces and two flake/blades. Overall, 19% of the assemblage was 

burnt/heated, with 15% described as heavily burnt; 13% of the “modified assemblage” 

was also burnt (Nelis 2004, 298-9). This proportion is at odds with the quartz 

component, which had 2.3% burnt or possibly burnt artefacts – this significant 

difference cannot be put down entirely to the difficulties in identifying burnt quartz, and 

may result from a different treatment of materials, or different contexts of burnt 

material. 

 

The modified proportion of the flint assemblage is very high, with few cores; just 

over half of the modified assemblage consisted of scrapers, knives, and projectiles. As 

with the quantities of cores, Nelis (2004, 311-30) provides different quantities and/or 

proportions for the modified artefacts, with Table 10-15 providing the variations noted.  

 

Type Count % Alternative  
count 

Alternative  
% 

Scraper 46 20.9 45 Not stated 

Projectiles 41 18.6 42 19.1 

Edge retouched pieces 63 28.6 N/A 28.3 

Knives 26 11.8 N/A Not stated 

Miscellaneous tools 23 10.45 N/A Not stated 

Unretouched but utilised27 pieces  

Flakes and blades  14 6.4 N/A N/A 

Cores 4 1.8 N/A Not stated 

Flaked flint axe fragments 3 1.4 N/A Not stated 

Table 10-15 Thornhill modified non-quartz artefacts. Count and alternative count from Nelis (2004, 
311-30) 

 

Nelis (2004, 297) noted “a clear dichotomy between the knapping debitage and the 

modified tools…in terms of quality and apparent source of material;…the core 

assemblage infers…a primary industry largely reliant on very small…beach 

pebbles…[while] many of the tools, and much of the small scale  debitage, are of a very 

translucent, highly vitreous quality”. 

 

While Nelis did not remark on a possible Later Mesolithic flint component at 

Thornhill in the main section covering the assemblage, in a later discussion she 

suggested that 

                                                           
27 The ‘utilised pieces’ were identified macroscopically. 
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Thornhill includes more utilised flakes and blades which bear resemblance, 
at least superficially, to the butt trimmed forms of the previous [Mesolithic] 
industry, and although they may not compare with the heaviest of types 
found at that time, they are larger than many of the other tools within the 
assemblage. This may indicate contact with those familiar with these 
previous industries; the fact that they seem to have served as expedient 
cutting [sic] may hint at a way in which the two industries may have come 
together and complimented one another (Nelis 2004, 340, emphasis added). 

 

However, as noted by Woodman (Woodman 1992), large flakes should not 

automatically be designated as Mesolithic because Neolithic flakes can be the same size 

if not bigger that Mesolithic flakes. Nelis then comments on the Enagh Neolithic 

structure (across the river, see Section 10.2.2) where a posthole  

yielded a single butt trimmed blade…Again, this piece echoes an industry 
more commonly associated with the Mesolithic, and its appearance at Enagh 
Lough, with similar tools being found at Thornhill, may indicate a 
continuance of this tool type into the Early Neolithic, either as a result of 
contact with those more familiar with such tools, or as a residual element of 
the earlier industry” (Nelis 2004, 341). 

 

It is not apparent, however, that the artefacts from Thornhill are specifically butt 

trimmed forms, as no mention was made of butt trimmed forms in the main analysis and 

these artefacts were categorised as ‘utilised’ by Nelis – with ‘utilised’ defined by her as 

non-retouched artefacts (Table 10-15) – and initially described as superficially 

resembling butt trimmed forms, therefore suggesting that they lacked retouch; butt 

trimmed forms are classified as such if they are retouched on the proximal end. This 

inconsistent, if not misleading, account of the artefacts can lead to misunderstandings of 

the material culture – for example, Smyth (2006a, 169) cited Nelis’ analysis by arguing 

that “networks may have been open to the occupants of Thornhill and Enagh, where the 

recovery of bulky, butt trimmed tools…suggests that there was direct and indirect 

access to larger sized raw material.” Smyth’s account has therefore taken the artefacts to 

be diagnostic butt trimmed tools, rather than superficially resembling butt trimmed 

forms. 

 

Figure 10-29 compares the proportions of artefact types for quartz and non-quartz – 

while a similar proportion of both components were unmodified flakes, the quartz 

component had substantially more debris and cores, and the non-quartz had 

substantially more modified artefacts. Figure 10-30 re-categorises the non-quartz 
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modified component as either flakes or cores (whichever is appropriate) and compares 

the proportions of the total flaked stone assemblage.  

 

 
Figure 10-29 Thornhill quartz and non-quartz flaked artefacts – % per material. Non-quartz data 
from Nelis (2004), excluding the unworked material cited as artefacts and considers her ‘angular 
shatter – chips and spalls’ as debris. Quartz component includes rock crystal and excludes nine 
possible artefacts, one core/debitage and one retouched core/debitage 

 
 

 
Figure 10-30 Thornhill quartz and non-quartz flaked artefacts – % per total assemblage. Non-
quartz data from Nelis (2004), excluding the unworked material cited as artefacts and considers her 
‘angular shatter – chips and spalls’ as debris; modified artefacts included as either flake or core. 
Quartz component includes rock crystal and excludes nine possible artefacts, and two core/debitage 

 

Overall, 69% of the assemblage were flakes, with slightly more from the non-quartz 
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complete quartz flakes and 48% complete non-modified, non-quartz flakes); the quartz 

cores account for 10% of the overall assemblage, with non-quartz cores accounting for 

just 1%. The significantly different proportion of complete flakes in the quartz and non-

quartz component makes a graph such as in Figure 10-30 difficult to interpret. The 

comparison of the fragmentation rate of the chert and quartz materials produced during 

the experimental knapping highlighted that quartz produced 4.5 times more fragments 

than the chert thus skewing direct comparisons. 

 

As noted, there were either 14 or 15 cores – one was a single platform core, with the 

remainder being bipolar or scalar, “all of which have been exhaustively worked” (Nelis 

2004, 302). Nelis (2004, 88) describes scalar cores as “non-platform based percussion 

techniques, similar to bipolar reduction, but with no visible evidence for the use of the 

anvil technique”. There were 135 complete flakes and blades and 148 fragments; five 

were bipolar, 25 were pressure flakes, with the remainder platform flakes. While Nelis 

(2004, 302) states that the “single platform core indicates that platform technology was 

known on site, but…bipolar reduction was preferred”, the dominance of platform flakes 

at the site, and the dominance of a direct percussion technique in the Neolithic in 

general, makes this statement questionable. 75% of the complete flakes and blades were 

less than 32mm in length, with an average length of 23mm, which is greater than the 

average complete quartz flake length of 20.5mm. 

 

 

10.4.8  Chaîne opératoires 
 

The chaîne opératoires of the quartz component at Thornhill consisted of the 

collection by the communities of practice of beach cobbles with half the cores identified 

as based on cobbles; it is unclear to what extent veins were quarried, and it is possible 

that blocks were also available in the glacial till, along with some of the cobbles; the 

cobbles, however, did not show evidence of striations that would indicate glacially-

derived cobbles. The communities of practice had a clear preference for smooth-grained 

quartz, with very few sugar or sugar/smooth-grained quartz present, with the pits over-

represented with these quartz types. This is similar to the Belderrig assemblage’s lack of 

sugar-textured quartz (Section 9.5); the experimental knapping showed that the sugar-

textured quartz generally produced less fragments per strike than the quartz with a 
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smooth-grained appearance (Section 6.4.1.1). A fifth of the quartz was a distinctive 

milky-white quartz which had a plastic-like appearance and feel. 

 

The high proportion of >49% cortex bipolar and platform cores suggests that the 

cores were not decortified by the communities of practice before being brought to the 

site for use or deposition, while the low proportion of cortical flakes suggests that the 

debitage assemblage does not represent a knapping floor assemblage to a great degree, 

and that the ‘missing’ cortical flakes are either elsewhere in the unexcavated areas of the 

site, or at a further remove from the site altogether. Therefore, there is a clear mismatch 

in the cortex proportions between cores and debitage indicating a complex pattern in the 

chaîne opératoires of core and debitage use and deposition throughout the site’s 

contexts. No clear knapping floors were identified in the excavation – as well as the lack 

of cortical flakes, just a small proportion of the assemblage consisted of <10mm debris 

– with the quartz artefacts distributed over 50 individual contexts, 100 fills, and 28 

strata. 

 

The chaîne opératoires of the communities of practice involved a multitude of 

techniques and combination of techniques including bipolar, direct percussion freehand 

platform and platform-on-anvil, indirect percussion, bipolar-on-platform, and platform-

on-bipolar. Half of the cores were bipolar and a third were platform cores; this suggests 

that while the use of a bipolar technique was frequent in the chaîne opératoire it was 

not necessarily prevalent, and the dominance of platform flakes backs up this 

interpretation – 14% of the flakes were bipolar flakes. For the direct percussion 

component, single platform cores dominated, and the use of dual, right angled cores is a 

distinctive difference to the Belderrig chaîne opératoires. A number of the cores 

showed evidence of the reuse of large flakes as cores. As with the Belderrig assemblage, 

it is unclear whether this use of core-on-flakes by the communities of practice at 

Thornhill was fortuitous or a purposive strategy, as further evidence may be masked by 

the reduction of the cores. While many of the platform cores were knapped to a small 

size, the bipolar cores were rarely knapped to exhaustion by the communities, with the 

majority left quite large. This lack of extensive reduction of the bipolar cores by the 

communities of practice may partly explain the apparent low amount of bipolar flakes 

noted in the assemblage. 
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Unlike the Belderrig communities, the communities of practice at Thornhill used a 

number of platform preparation procedures, with 8% of the flake platforms prepared, 

3% abraded, and one platform was facetted. The knapping appears to have been geared 

towards small, thin flakes, with almost no blades noted in the assemblage; comparisons 

to the experimental dataset in terms of visible impact marks on the complete platforms 

suggests the use of hard hammer impactors. Few of the flakes were complete, especially 

for the bipolar flakes, and the pits and structures contained above average proportions of 

complete flakes. The implications for the chaîne opératoires are uncertain with three 

possibilities raised – the higher rate of fragmentation in other contexts did not originate 

from knapping fractures but from use/post-depositional factors; the higher proportion of 

complete flakes in the pits and structures represents the purposeful deposition of 

complete flakes; or a combination of the these two factors. 

 

While the knapping appears to have been geared towards the production of small, 

thin flakes, compared to the Belderrig assemblage a sizable proportion of thicker flakes 

with plunging terminations were noted, and a number of these were retouched on the 

thick, plunging termination. This suggests that the chaîne opératoire included the 

purposive knapping of plunging flakes for subsequent use as scrapers, which was also 

noted for the non-quartz assemblage (Nelis 2004). Along with these retouched plunging 

flakes, were a series of retouched flakes with the most common type having abrupt, 

rectilinear retouch on lateral edges. Unlike the Belderrig assemblage, however, the 

diagnostic types were not significantly larger than the non-retouched flakes. A number 

of the cores were also retouched, but without use wear analysis it is unclear to what 

extent other cores, as well as non-retouched debitage, were subsequently used for 

various tasks. 

 

The deposition of the quartz artefacts by the communities of practice was spread 

amongst a variety of contexts, particularly pits, palisades, and structures, beyond the 

artefacts from the topsoil and the smaller number from strata. As noted, the pits and 

structures had a relatively high proportion of complete flakes deposited in them and the 

complete flakes from these contexts were smaller, and especially thinner, that the 

complete flakes from the topsoil. While the partially excavated Structure E contained 

the largest quantity of non-quartz lithic artefacts, it contained no quartz artefacts, with 

no quartz artefacts from Structure C either. The cores and debitage from Structure B 
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were deposited, often singly, in the foundation trenches and a posthole terminating a 

foundation trench, underneath the threshold stone, and in interior postholes, with a 

particular emphasis on bipolar cores and flakes; the one platform core from Structure B 

was a thick, heavy, burnt multiplatform core. The 10 quartz artefacts from Structure A 

came from two fills of one foundation trench, with four of the 10 being bipolar cores or 

debitage; one of the platform flakes was a thick flake fragment of a different quartz than 

the rest of the assemblage. While the partially excavated Structure D contained no non-

quartz artefacts, it contained one quartz platform flake fragment in its foundation trench. 

Smyth (2006a), in reviewing evidence for Irish Neolithic structures, has argued that 

such deposition of objects in foundation trenches need not all be interpreted as 

accidental occurrences, but rather can be seen as purposeful acts of digging and filling 

of the structures’ foundations. The deposition of lithics in the Thornhill structures point 

to differences in the chaîne opératoires between structures and materials – Structure E 

contained many flint but no quartz, while Structure A’s quartz deposition was limited to 

the one foundation trench only; Structure B’s deposition of quartz was more varied that 

Structure A, and no quartz was noted from Structure C whose plan intermingled with 

Structure B (Plan 3). As well, compared to the other contexts, while the structures had 

had relatively few artefacts they had the greatest ratio of artefacts to 

indeterminate/natural pieces of quartz. 

 

18% of the quartz artefacts were uncovered from pits. Pits are strongly associated 

with Neolithic activity in a variety of settings, including structures (for discussions of 

pits and structures in the Irish Neolithic, see Smyth 2006a, 175-79, passim). As with the 

deposition of material in structures, Smyth has commented that these are not necessarily 

all refuse dumps and so forth, and moreover, even pits which may appear to be 

“artefact-poor” should not be dismissed as meaningless: “viewing these pits as 

meaningless, or at the very least peripheral to the activities being carried out in and 

around the house, goes against what we know about practices of digging and filling in 

the Neolithic” (Smyth 2006a, 67). At the Thornhill site, the cluster of 35 pits in Area 1 

was interpreted as an area “set aside for ritual activity” because of the “large number of 

pits and the apparent deliberate placing of artefacts, and sometimes several different 

types of artefacts, within many of the fills” (Logue and Ó Baoill 2009). 10 of these 

contained quartz artefacts, with most being single fill pits. Half of the Area 1 artefacts 

came from Pit C.140 that contained six cores, one of which was retouched as a scraper, 
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and 18 flakes, three of which were retouched. These 10 pits had a greater ratio of quartz 

artefacts to natural quartz pieces compared to the pits in Area 2, and a greater proportion 

of platform cores to bipolar cores than any contexts from Area 2. However, Area 2 had 

more pits with only quartz artefacts and Area 1 had more pits with only natural quartz. 

 

 

10.5 Overview and Discussion 
 

The excavations at the Thornhill site uncovered a series of palisades enclosing five 

structures along with numerous pits, stakeholes, and linear features, with the site, as yet 

undated, interpreted as Early Neolithic on the basis of ceramics. The 100% quartz 

retention policy adopted during the excavation resulted in the collection of 4047 pieces 

of quartz, of which 813 were artefacts, nine were possible artefacts, and 74 were 

indeterminate. 

 

The Thornhill quartz chaîne opératoires were more beach cobble-based than the 

Belderrig assemblage, with 53% of the cores identified as beach cobbles; allowing for 

some beach cobbles to have been decortified thus reducing their recognition, it is 

possible that the cores consisted of 60-80% beach cobbles. Just 13% of the debitage 

were cortical artefacts, which is much lower than the Experiment dataset, suggesting 

that the cortical flakes are either elsewhere in the unexcavated areas of the site, or at a 

further remove from the site altogether. The very high proportion of >49% cortical 

cores compared to the Belderrig and Experiment assemblages, and the large size of 

many of the cores (especially the bipolar cores), highlights that the communities of 

practice did not systematically knap the material to exhaustion, which was noted by 

Nelis for the flint bipolar cores. The high degree of >49% cortical cores and the lack of 

cortical debitage also points to a clear mismatch between cores and debitage, indicating 

a complex pattern of core and debitage use and/or deposition throughout the site’s 

contexts. 

 

While much of the quartz assemblage is beach cobble-based, it is unclear if this is 

comprised completely of collecting locally available quartz or whether other non-local 

beach cobbles were brought to the site by the communities of practice. However, only a 

few artefacts appeared to be of distinctly different quartz. Nevertheless, the fact that 
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much of the beach cobble component of the assemblage appeared somewhat similar 

does not necessarily imply that it was all sourced locally. Though it is unclear what the 

other sources of quartz besides the beach cobbles were. A large, natural sub-rounded 

block was found in a posthole, highlighting that large blocks were available in the 

glacial till, but it is uncertain whether this material was chosen or whether quartz veins, 

available today 200m to the east on the cliff  forming the bank to the Foyle Estuary, 

were quarried.  

 

The greater presence of bulbs and compression rings on the Thornhill platform 

flakes highlights the different type of quartz compared to the Belderrig quartz – 6% of 

the flakes had bulbs compared to 2% in the Belderrig assemblage and 5% of the 

experimental flakes; 3% of the Thornhill flakes had compression rings, while the 

Belderrig assemblage had none visible and the experimental assemblage had 0.3%. 

However, through macroscopic examination, the quartz is identified as of a similar grain 

size to the Belderrig quartz examined, and none appears to be fine-grained quartz.  

 

The chaîne opératoires of the communities of practice involved a multitude of 

techniques and combination of techniques including bipolar, direct percussion freehand 

platform, direct percussion platform-on-anvil, indirect percussion, bipolar-on-platform, 

and platform-on-bipolar. The range of techniques used was, therefore, greater than used 

by the Belderrig communities. A number of the cores showed evidence of the reuse of 

large flakes as cores. As with the Belderrig assemblage, it is unclear whether this use of 

core-on-flakes by the communities of practice at Thornhill was fortuitous or a purposive 

strategy, as further evidence may be masked by the reduction of the cores.  

 

Half of the cores were bipolar cores. A notable absence for the Thornhill assemblage 

were any conical pieces, which were produced during the experimental bipolar 

knapping, and noted by Knutsson as deriving from both platform and bipolar knapping 

(see Section 6.4.2). It is unclear if the lack of conical pieces in the Thornhill assemblage 

relates to differing materials, techniques, or depositional practices. While the use of a 

bipolar technique was frequent in the chaîne opératoire it was not necessarily prevalent, 

and the dominance of platform flakes backs up this interpretation – 14% of the flakes 

were bipolar flakes (for possible under-recognition of bipolar flakes, see below). The 

higher degree of beach cobble usage at Thornhill compared with Belderrig is not 
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necessarily related to the frequent use of a bipolar technique: 85% of both bipolar and 

platform cortical cores from Thornhill were identified as beach cobbles. Furthermore, 

the communities of practice at Thornhill do not appear to have used the bipolar 

technique to reduce small platform cores further, as is noted in other lithic traditions 

(e.g. Callahan 1987; Knutsson 1988a; Ballin 2008). Indeed, at Thornhill many of the 

complete bipolar cores are larger than the complete platform cores, indicating that the 

latter were frequently knapped to a smaller size. Neither is this difference related to the 

quality of the quartz, as similar quartz was knapped with both techniques.  

 

A third of the cores were platform cores, with single platform cores dominating, and 

the dual, right angled cores a distinctive difference to the Belderrig chaîne opératoires. 

20% of the platform cores had evidence of a platform-on-anvil technique. The Thornhill 

platform cores contained a much greater size range and substantially smaller cores 

compared to the Belderrig assemblage, with the Belderrig cores producing a tighter 

cluster of cores in the middle and upper range of length/width/thickness. Overall, the 

Belderrig platform cores’ means for all metrics were significantly greater, with smaller 

standard deviations, and a much lower length/weight ratio which is the result of much 

thicker cores. 

 

Debitage accounted for 82% (n= 672) of the vein quartz artefacts with a further six 

rock crystal debitage. Flakes were 68% of the debitage, a higher proportion than the 

Belderrig or Experiment datasets; the topsoil contained 59% flakes, with most of the 

other contexts having 80% or over. There was only a small proportion of <10mm 

debris, highlighting the difference in contexts between the knapping floors of the 

experimental and Belderrig assemblages and the varied contexts of the Thornhill, none 

of which appear to be knapping floors or the deposition of small knapping floor 

artefacts. This stands in contrast to the high proportion of cores in the Thornhill 

assemblage compared to the other datasets. A similar proportion of <10mm debris came 

from the topsoil, the structures, and the pits, with less from the palisades, and none from 

any other contexts. The 100% retention policy suggests that the lack of <10mm pieces is 

not related to the collection strategy of the excavation. 

 

54% of the assemblage’s ≥10mm debitage had complete or partial platforms, which 

is a much greater proportion than the Belderrig or Experiment datasets (which had 33-
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35%), but with a similar proportion of complete flakes to Belderrig. This high 

proportion of flakes with complete or partial platforms suggests that while the 

proportion of bipolar flakes (14% of the total flakes) may be less than it should be, the 

low proportion of bipolar flakes is an actual pattern. The lack of an extensive reduction 

of the bipolar cores by the communities of practice noted above, and the lack of cortical 

flakes in the assemblage, may partly explain the apparent low amount of bipolar flakes. 

Overall, 5% of the flakes were complete with 3% (n=2) of the bipolar flakes complete – 

for the Experiment dataset, a much higher proportion of bipolar flakes were complete 

(37%) compared to the platform flakes (8%). While the pits contained 21% of the 

flakes, they contained 48% of the complete flakes, and the structures contained 4% of 

the flakes but contained 13% of the complete flakes; many contexts had no complete 

flakes. This discrepancy in the distribution of complete flakes suggests that either a part 

of the higher rate of fragmentation of the flakes in the palisades, strata, and topsoil does 

not originate from fracturing during knapping, but rather from use/post-depositional 

factors; or that the greater proportion of complete flakes in the pits and structures 

originates from the purposeful deposition of complete flakes in these contexts (see 

below); or a combination of the previous two possibilities. 

 

Looking at the platform flakes, almost all the complete platforms were flat, with just 

one faceted platform. There was a high degree of platform collapse, with may relate to 

the relative thinness of the flakes. Unlike the Belderrig assemblage, the chaîne 

opératoire of the Thornhill communities of practice included platform preparation – 8% 

of the platforms were prepared and 3% were abraded. Nelis (2004, 865) has suggested 

that Early Neolithic assemblages analysed by her generally “lack extensive edge 

preparation or platform faceting”. Therefore, having 11% of the platform flakes 

exhibiting platform preparation is not necessarily a low proportion compared to non-

quartz assemblages, and highlights a significant difference with the Belderrig chaîne 

opératoires.  

 

Compared to the Belderrig assemblage, the complete platform flakes from Thornhill 

are significantly smaller, and relative to size, much thinner. The Belderrig’s complete 

flake median length/weight ratio was 4:1 while Thornhill’s was 9:1. These ratios 

highlight the considerable comparative thinness of the Thornhill flakes. Consequently, 

the mean platform thickness was also much less for Thornhill; however, while 



304 

 

Thornhill’s median platform thickness was 45% less than Belderrig, their median 

platform width was only 23% less. 

 

While the Thornhill non-quartz assemblage contained a high proportion of 

diagnostic types, the quartz component contained a much smaller proportion – 40 

diagnostic types and three possible retouched artefacts, with two of the 40 being 

retouched rock crystal flakes. Unlike the Belderrig diagnostic types, the Thornhill 

diagnostic types’ means for the various metrics were not significantly different than the 

non-retouched artefacts. Overall, there were seven scrapers, two borers, one retouched 

pebble, two retouched cores, one retouched bipolar flake, 24 retouched platform flakes, 

and three retouched debris. One scraper was on a bipolar core while another was on a 

core/debitage with the remainder on platform flakes. Four of the five on flakes were 

convex-retouched on the distal end, with two on plunging terminations; the other was a 

lateral-retouched scraper. Scrapers on plunging terminations were noted in the flint 

assemblage as well, and the higher proportion of flakes with plunging terminations 

compared to the Belderrig assemblage suggests that the chaîne opératoire included the 

purposive knapping of plunging flakes for subsequent use as scrapers.  

 

The quartz artefacts came from over 50 individual contexts and over 100 fills, as 

well as 28 strata. 60% of the artefacts came from the topsoil and 18% came from the 

pits, with the remaining contexts, primarily the palisades and structures, having 8% or 

less each. Area 1 contained 35 pits and has been interpreted by the excavators as an area 

set aside for ritual activity, while many numerous pits in Area 2 have also been 

interpreted as signifying ritual activity, including the blocking of the entrance to the site. 

The contexts (apart from the topsoil) with the largest collection of artefacts were two 

pits – Pit C.2966 and Pit C.140. Pit C.2966 in Area 2 contained the largest collection, 

with a rock crystal retouched flake along with 2 cores, 18 flakes, and 12 <20mm debris 

in a single fill. Pit C.140 in Area 1 contained the second largest collection of artefacts 

and largest collection of diagnostic types; it held three retouched flakes and a dual, 

opposed core scraper along with 15 flakes, five cores and a core/debitage in a single fill 

– half of the artefacts from Area 1’s 10 pits came from this one pit. The pits were over-

represented in the proportion of diagnostic types (over a third of the diagnostic types 

and less than a fifth of the overall count) and also in the proportion of sugar/smooth- or 

sugar-grained artefacts; the vast majority of artefacts were smooth-grained, with only 16 
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sugar/smooth- or sugar-grained artefacts. The pits contained half of them but less than a 

fifth of the overall assemblage; the topsoil contained 25% of them, but had 60% of the 

overall assemblage. While numerous pits have been interpreted by the excavators as 

being ritual in function, as noted previously, Smyth (2006a, 67) has argued that even 

seemingly artefact-poor pits should not be dismissed as meaningless or peripheral to the 

main activity at a given site. Therefore, while some pits can be seen as explicitly ritual 

in nature, others can be seen as indicative of ritualised activity.  

 

Moreover, the deposits of quartz in other contexts such as the structures can also be 

seen as ritualised activity in the communities of practice’s chaîne opératoires. Overall, 

the structures contained few artefacts but held a greater ratio of artefact to natural quartz 

than other contexts, suggesting that the appearance of quartz artefacts, and possibly the 

natural quartz, in them was not random. The quartz deposition was not, however, the 

same for all the structures – while Structure E contained the largest quantity of non-

quartz flaked artefacts, it contained no quartz, and no natural quartz pieces; Structure D 

contained no non-quartz and contained one quartz flake fragment along with one natural 

quartz piece. While Structure B and Structure C’s plans intermixed, with Structure B 

possibly the later structure, no quartz was retrieved from Structure C and Structure B 

had quartz deposition, often of single artefacts, in the foundation trenches as well as 

under the threshold stone and internal features.  

 

Structure B’s (and Structure A’s) artefacts had a greater emphasis of bipolar cores 

and flakes compared to the pits. However, the deposition of the cores in the structures 

does not appear to represent knapping taking place, but rather the deposition of cores in 

the various features such as the foundation trenches. The one platform core from the 

Structure B was a thick, heavy, complete multiplatform core that was burnt, found along 

with a complete platform flake in the northern foundation trench. One of the few 

sugar/smooth-grained materials from the assemblage was a complete bipolar core from 

a posthole which terminated the southern side foundation trench of Structure B, found 

with four indeterminate pieces. These four indeterminate pieces had rounded or sub-

rounded edges but, as was speculated above, three of them – which all resembled cores 

– may have been either collected/deposited as ‘antique’ artefacts or as items that looked 

like artefacts. A fourth possible ‘antique’ artefact was also possibly a core, and came 

from an internal porch, deposited with a bipolar flake. A further two indeterminate 
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pieces were interpreted as possible ‘antique’ artefacts – Pit C.138 in Area 1 and Pit 

C.784 (part of the conjoined ritual pit group blocking a palisade entrance and later cut 

by Structure A) both contained an indeterminate piece each, that were possible 

retouched artefacts. 

 

As noted above, while the proportion of complete flakes was low and similar to the 

Belderrig assemblage, the pits and structures held an above average proportion of them. 

In discussing the deliberate fragmentation of artefacts in the southeastern European 

Neolithic Chapman (2000) suggested that the both complete and fragmented objects can 

be interpreted as an enchainment, linking both people together and linking people to 

objects, viewing this in terms of dividual and individual personhood (see also Fowler 

2004; Jones 2005). For example, commenting on whole ceramic pots, Chapman (2000, 

43) suggested that these may have represented “integration, wholeness, group solidarity 

and its successful constitution”. Smyth (2006a, 228-9) has argued that “[p]erhaps the 

most striking feature of Neolithic pits…is the frequency with which these contexts are 

associated with broken or fragmented material, in particular the pits from the early and 

later Neolithic”. At Thornhill, there appears to be the purposive deposition by the 

communities of practice of complete quartz flakes in the pits and structures, of a 

material that has a much higher fragmentation rate than other knapped stone. 

 

As well as this deposition of complete flakes, many of the pits had depositions of 

complete pebbles and lumps of natural quartz along with lesser quantities of split 

pebbles and fragments of lumps. These do not appear to represent a caching of lithic 

raw material, and some pits contain only natural pieces in basal layers, with upper layers 

containing a mixture of natural and artefactual material. This suggests a structuring of 

deposits in some pits. The presence of an abundance of ‘natural’ quartz in various pits 

either with ‘artefacts’ or alone raises the question of what is deemed as natural. For the 

present analysis, which is examining the use of quartz in the lithic technologies, it is 

easy to define natural as material that does not show signs of use or modification and 

artefacts as those that do. Clearly, the pits point that such a designation breaks down in 

the face of prehistoric practices. Are these artefacts, manuports, or ecofacts (for 

definitions see Kipfer 2000)? While these quartz pieces are not artefacts in terms of a 

lithic technology, there is a clear manipulation of materials that goes beyond the use of 

quartz for ‘stone tools’, a manipulation not observed with ‘natural’ flint. These ‘natural’ 
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quartz pieces are therefore part of the material culture, and cultural repertoire, of the 

communities of practice at Thornhill (see also Cooney 2008 for Neolithic engagements 

with stone and deposition of 'non-artefact' stones in pits).  

 

While this deposition of ‘natural’ quartz points to a different treatment of the 

material compared to flint, the use of flakes with plunging terminations for convex 

scrapers parallels the use of flint and highlights that some of the chaîne opératoires of 

the materials was similar. While scrapers accounted for about 21% of the diagnostic 

flint artefacts and about 7% of the overall flint assemblage, they accounted for 18% of 

the diagnostic vein quartz types but just 0.8% of the overall vein quartz assemblage, 

highlighting the significant difference with the amount of diagnostic flint types. Around 

19% of the flint diagnostic types were projectiles and 12% were knives, but none were 

noted in the quartz assemblage. This highlights the limitations of the vein quartz – 

which was not suited to pressure flaking – for the tool repertoires of the communities of 

practice at Thornhill. As noted in Chapter 3, just one quartz projectile has been 

identified in the Irish archaeological record – a rock crystal arrowhead from the 

Ballyglass no. 13 Neolithic house (Warren Forthcoming). The minor proportion of 

diagnostic types in the Thornhill quartz assemblage is comparable to all the other 

Neolithic assemblages noted in Chapter 3. With a lack ‘types’ in quartz assemblages, 

these are not suitable for dating assemblages from a typological perspective; quartz 

scrapers, however, are sometimes noted, and the Thornhill convex end scrapers are 

typologically and technologically similar to the non-quartz examples. Otherwise, the 

retouched quartz component consists primarily of retouched flakes, which are difficult 

to fit into convenient typological boxes. Technologically, the quartz assemblage appears 

broadly similar to other Neolithic house assemblages outlined in Chapter 3. However, in 

light of the analytical difficulties that quartz assemblages present to lithic analysts 

discussed in Chapter 7, it is difficult to draw clear comparisons with previous research 

that has not taken the fracture mechanics of the material into consideration. Compared 

to the Mesolithic quartz scatter at Belderrig, however, the Neolithic Thornhill 

assemblage is distinctly different and appears geared towards the production and use of 

smaller, thinner flakes knapped using a wider range of techniques, combinations of 

techniques, and technical procedures than the communities of practice at Belderrig. 
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11 Overview 
 

This thesis has sought to understand the use of vein quartz in the lithic repertoires of 

the prehistoric communities in Ireland. For much of the history of antiquarian and 

archaeological research, the story told of Irish flaked stone lithics was one of flint. 

Consequently, traditions of collecting and analysing lithics were developed using a 

framework, and worldview, based on flint. However, many other materials were used 

for stonecraft, a fact that was realised early on by Knowles but effectively overlooked 

by most. Where other materials were noted, these were considered as substitutes for 

flint rather than valid materials in their own right, or even as signs of a lower grade of 

peoples using them. This sense of flint as the premier material and others as second rate 

continues to this day. As with many myths, it is a hard one to displace. In terms of 

quartz, it is especially difficult to have it accepted as a valid material because many 

quartz assemblages can on first glance appear to be comprised of amorphous pieces, not 

easily recognised as humanly modified or forming ‘tools’. Even with these difficulties 

in identifying quartz artefacts, the database of quartz finds from Ireland compiled in this 

thesis has shown that the use of quartz for stone tools was widespread in prehistory. 

While quartz was certainly a material which saw special treatment, and used in special 

ways, it had a wider currency than in thanatopic contexts only. 

 

In reviewing the quartz lithic research that has been undertaken in various parts of 

the world, two broad camps can be discerned – between those who argue that a separate 

typology is necessary, and those who maintain that quartz can be analysed in a 

framework devised for flint. For the latter group, a separate quartz typology would in 

effect get in the way of an easy and coherent typology of stone tools which can be 

compared to assemblages of other raw materials or in mixed assemblages. On the other 

hand, the researchers that have called for a separate typology for quartz have done so 

with the recognition that the fracture mechanics of quartz entail that fracture 

characteristics seen in materials like flint do not necessarily occur on quartz and that the 

prehistoric users used the differing fracture mechanics to their advantage in selecting 

pieces for use; therefore a schema devised with the fracture mechanics of the material as 

the lynchpin is crucial, with the fracture mechanics examined through the experimental 

knapping of quartz. 
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A part of this disagreement over the need for a separate typology is a result of what a 

‘typology’ is. In the lithic studies’ literature there is a general division between 

typological studies and technological studies (e.g. Minzoni-Deroche 1985; Callahan 

1987; Lindgren 1998; Inizan et al. 1999; Andrefsky 2001; Tomášková 2005; Ballin 

2008); typological studies are generally geared towards results – the finished artefact; 

these ‘finished’ artefacts also include core ‘types’ in typologies. Technological studies 

are not restricted to typing ‘tools’, but concern the analysis of an entire assemblage to 

understand the mode of manufacture. Of course, the technological studies also use the 

same methods of typing in their analyses, hence technological studies are sometimes 

described as debitage typological analysis (e.g. Andrefsky 2001), or typotechnological 

analysis (e.g. Cornelissen 2003; Ballin 2008). As an example, a part of Ballin’s (2008) 

negative attitude towards a separate quartz typology stems from the distinction between 

a ‘typology’ implying a ‘tool’ typology, and that of a debitage typology; Ballin is more 

critical of the former than the latter, and needs a similar ‘tool typology’ in order to allow 

the easy comparative analysis of mixed material assemblages. While Ballin strongly 

rejects the imposition of a separate quartz typology, and argues that a flint typology 

works for quartz artefacts, he readily acknowledges (Ballin 2008, 73) that, 

technologically, quartz differs from flint, and quartz assemblages generally have less 

‘formal tools’ and comments that quartz may have been used without retouch as tools. 

However, he is explicit on his stance of what a ‘tool’ is, and how to construct 

typologies: “a quartz artefact is not a tool unless it has the distinctive retouch generally 

associated with a particular tool type” (Ballin 2008, 40). From this, we can see that 

Ballin’s interpretation becomes a vicious circle – if a quartz artefact does not conform to 

a particular (flint) tool type’s retouch, it can be discounted as a tool, and therefore 

becomes lumped as ‘debitage’ even though he acknowledges they were probably used 

as tools without retouch. 

 

The position taken in this thesis is that certain, highly formalised artefacts may have 

direct typological comparanda in alternative materials to flint, and that in these 

instances such relationships should be highlighted and no separate typology is needed. 

However, it will also be critical to understand those objects in terms of the technical 

sequences that have led to their formation – and that these sequences may not be 

comparable across materials; and a typology devised for the spectrum of cores and 

debitage products is called for in order to devise a framework for analysing quartz 
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assemblages, beyond the gleaning for retouched tools, especially as quartz assemblages 

generally have low counts of retouch. Such an understanding can only be generated 

through detailed understandings of the properties of varied materials. What is now 

firmly recognised is that analyses based on formal tool types – tool types defined by 

archaeologists as ‘formal’ by the recognition of retouch – are only part of the picture of 

the prehistoric use of lithics; unretouched artefacts were tools (for examples of 

unretouched artefacts shown to have been used as tools see examples in Man 1883; 

White and Thomas 1972; Hayden 1979; Flenniken 1981; Symens 1986; Knutsson 

1988a; Odell 1994; Banks 1996; Kozlowski et al. 1996; Read and Russell 1996; 

Finlayson and McCartney 1998; Briels 2004; Hardy 2004; Setzer 2004; Shott and 

Sillitoe 2005; Akerman 2006; Hardy et al. 2008), and a failure to recognise this 

produces a skewed picture of the archaeological record. Of course, the major dilemma 

facing the analysis of any assemblage is that the identification of retouched artefacts – 

the so-called formal ‘tools’ – is the easy part: the difficulty, in terms of time and 

expense, is setting up programmes of use-wear analysis to identify the non-retouched 

portion of the assemblage as having been used as tools, and not bracketing them off as 

‘debitage’ or ‘waste’. Unfortunately, it was beyond the scope of this thesis to conduct 

use-wear analysis on the assemblages under scrutiny; consequently, this thesis should 

be regarded as the first step in the understanding of quartz technology in prehistoric 

Ireland. A useful next step would be the initiation of a programme of use-wear analysis 

on quartz artefacts. 

 

The framework developed in this thesis for understanding the fracture mechanics of 

quartz was based on the experimental knapping of a variety of quartz sources, using a 

variety of methods of prehistoric stoneworking. Following initial results from these 

knapping experiments, a quartz recognition experiment was devised in order to assess 

the ability of people, with differing analytical skill levels, to identify and classify quartz 

artefacts. A third experiment subjected an experimentally knapped assemblage to 

burning in an open fire in order to assess the ability to recognise burnt quartz in 

archaeological contexts. The results of the knapping and burning experiments were then 

used to analyse two quartz assemblages – the primary case study was a Later Mesolithic 

and Neolithic quartz scatter from Belderrig, Co. Mayo, and the second case study was 

the quartz component from the excavations of a Neolithic palisaded enclosure from 

Thornhill, Co. Londonderry.  
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11.1 Experimental knapping 
 

The quartz used in the experiments was collected from the vicinity of Belderrig 

Harbour, Co. Mayo, close to the case study excavation. Over 100kg of quartz was 

collected from four sources – from veins associated with psammite (a type of quartzite) 

bedrock exposed on the cliff face, from veins associated with metadolerite (a 

metamorphosed igneous rock) exposed in the intertidal zone, from beach cobbles which 

are a mix of quartz derived from the metadolerite and the psammite, and a vein 

associated with metadolerite located 1km from the harbour.  

 

Samples of the different source materials were analysed macroscopically and in thin 

section by Dr Julian Menuge. The thin sections showed that the crystal size was 1-5mm 

making all of them coarse-grained raw materials and were variable in character in terms 

of crystal orientation and fracture development, but with all of them being of massive 

habit. The samples contained multiple macro- and micro-fractures, some of which led to 

the subsequent development of veinlets of quartz within them. When examining the 

quartz macroscopically, the large crystal size is not always apparent – while the quartz 

is defined as coarse-grained, the majority of it lacks the appearance of a sugary texture. 

Instead, the quartz appears as smooth-textured even though the thin sections clearly 

show the large individual crystal sizes, and the massive habit of the quartz and 

macroscopically it is difficult to distinguish the grain/crystal boundaries from macro-

fractures. Compared to Ballin’s (2008) descriptions of quartz, the Belderrig material 

cannot easily fit. Ballin made a distinction between massive, milky quartz – which he 

described as the predominant quartz used in Scottish prehistory – and fine- and coarse-

grained quartz. However, the Belderrig quartz is both massive, milky quartz and clearly 

coarse-grained, even though the graininess is often invisible, thus taking the appearance 

of a lack of grain. The thin sections, therefore, have highlighted the dangers of using 

macroscopic identification to interpret crystal/grain size and therefore through thin 

section it is possible that, for example, some of Ballin’s ‘milky quartz’ would be found 

to be in fact coarse-grained and of massive habit. 

 

Approximately 30kg of the material was used to familiarise myself with knapping 

quartz and approximately 70kg of quartz was subsequently used for the 40 knapping 

events. The 40 knapping events consisted of knapping each of the four source materials 
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twice for each of the five combinations of technique and support. The techniques used 

were hard and soft direct percussion and bipolar percussion, with the direct percussion 

using both elastic and inelastic supports. Here, the elastic support was my hand/thigh 

while the inelastic support was a stone anvil, with the anvil also used for the bipolar 

percussion. The hard hammers used for the direct and bipolar percussion were a 

collection of psammite cobbles collected from Belderrig Harbour and the soft hammer 

was a deer antler. As well as the 40 quartz knapping events, one chert block was 

knapped using hard hammer direct percussion in order to provide a baseline comparison 

to assess the fracture mechanics of the macrocrystalline quartz compared to the 

cryptocrystalline chert. 

 

In order to ‘map’ the fracture characteristics of the materials, the recording strategy 

for the direct percussion component’s ≥10mm debitage was to collect and bag it per 

strike, thus allowing for rapid re-conjoining of the strike to assess the fracture patterns. 

For the bipolar technique’s eight events the recording was different because the process 

of bipolar knapping produces a series of cores and debitage; for these events the cores 

and debitage were not bagged per strike but instead were bulk bagged per event. In 

retrospect, it would have been preferable to also collect and bag the bipolar events in a 

similar fashion to the direct percussion, as this would have provided more detail as to 

the fracture characteristics of the materials, and mitigated possible discrepancies noted 

in the post-knapping analysis (for differences, see below). An added complication to the 

recording strategy was that it proved difficult to achieve – many of the smaller pieces, 

i.e. <20≥10mm, were not collected per strike because it proved too time consuming to 

collect each fragment. Consequently a lot of pieces were left on the drop cloth and bulk 

bagged at the end of each event for subsequent analysis.  

 

These limitations notwithstanding, the knapping experiments provided a viable 

dataset of over 14,000 ≥5mm experimental artefacts to analyse which was sampled at 

20% for full attribute analysis, apart from the direct percussion cores all of which were 

analysed. The sampling provided a quartz assemblage of over 2700 ≥5mm debitage 

weighing 10.5kg, 700g of <5mm debitage, 105 bipolar cores weighing 620g and 63 

platform cores weighing 10.4kg. 
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In addition to the information provided on quartz knapping and fracture properties 

generally, the experimental knapping events were set up in order to identify possible 

differences between the methods and materials in the resultant assemblage. Overall, the 

four quartz source materials did not result in significantly different outcomes for most 

attributes recorded; there were just a couple of exceptions – such as with the interaction 

with technique/support in siret proportions where the beach quartz produced less siret 

breaks using bipolar compared to other materials, and more siret breaks using soft 

hammer direct percussion compared to other materials; for slivers the metadolerite 

quartz reversed the proportion of slivers produced with inelastic support compared to 

other materials. The technique/supports generally had a greater influence in the 

differences, where significant differences were discerned such as with the siret 

proportions and platform collapse. Therefore, for some attributes the materials used 

confounded the otherwise clearer pattern of the technique/support results, highlighting 

that the idiosyncrasies of the individual blocks/cobbles of quartz will affect the 

composition of vein quartz assemblages in unpredictable ways, but the materials only 

altered the patterns in interaction with techniques and/or supports. These four materials, 

therefore, generally behaved similarly.   

 

The clearest difference in materials, however, was between the chert and the quartz, 

which produced significantly different results for most of the attributes recorded such as 

the differences between the chert and quartz flakes’ length; the ratios of length/width 

and length/thickness; curvature; presence of bulb, compression rings, and eraillure 

flakes; the regularity of flakes; the difference in fragmentation rate of the debitage per 

strike and consequently the types of flake breaks produced; and the difference in core 

fragmentation rate. The quartz also needed different technical procedures during 

knapping than the chert; with incipient fractures developing on the core, the quartz cores 

needed to be tapped with an impactor occasionally in order to ‘complete’ these 

fractures, resulting in a series of fragmented pieces that were indistinguishable from 

other debitage produced during actual flake production. Similar indistinguishable 

debitage was also produced during core preparation in the form of edge trimming. The 

analysis of the fragmentation rate per strike of the quartz materials using direct 

percussion highlighted that each strike produces significantly more ≥10mm flake 

fragments compared to the chert component – on average, the chert produced 1.2 

fragments per strike while the quartz produced 5.4 fragments per strike. Therefore, the 
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quartz fragmentation rate is 4.5 times greater than the chert. In general the psammite 

quartz – which is the grainier, more sugary-textured quartz – produced the least amount 

of fragments per strike compared to the other quartz and the soft hammer inelastic also 

produced the least.  

 

Table 11-1 provides a summary comparison of the chert and quartz experimental 

direct percussion. The significant difference between these materials is clear, as are the 

implications for analyses of archaeological assemblages. Taking Table 11-1 as a 

theoretical archaeological assemblage comprised of equal proportions of chert and 

quartz knapping, if the differences in the fracture mechanics of the various materials 

used are not taken into account misleading interpretations will inevitably result. If an 

assemblage which consisted of equal knapping of chert and quartz cores is tabulated, it 

will inevitably appear to be dominated by quartz debitage due to the significantly 

greater fragmentation rate, and a tabulation of complete flakes will make the chert 

component appear to dominate. Moreover, the relative ease of ‘reading’ the chert 

component can lead to the chert appearing as a more carefully crafted component of an 

assemblage, with the quartz knapping appearing as unstructured, crude, and, as 

Lindgren (1998) put it, without shape. 

 

Characteristic Chert Quartz 

Core composition Complete cores 20% core fragments 

Debitage composition Almost all complete flakes Almost half debris, remainder mostly flake fragments 

Complete flake morphology  Long, narrow, thin  Short, wide, thick 

Flake fragmentation Almost all complete Almost all fragmented 

Curvature All convex 43% straight; 51% convex; 6% concave 

Flake regularity Almost all regular Almost all irregular 

Bulb Always present Rarely present 

Compression rings Always present Never present 

Eraillure flakes Frequent Absent 

Table 11-1 Experimental assemblage. Comparisons of direct percussion chert and quartz 
 

The category of ‘debris’ highlights this notion of shapeless fragments. As noted, 

Inizan et al. (1999, 138) have defined debris as “shapeless fragments whose mode of 

fracture cannot be identified, and which cannot be assigned to any category of objects”. 

During the analysis it was noted that because the ≥10mm debitage was being recorded 

per strike, it was relatively easy to assign a mode of fracture and category to the 

debitage; in order to ascertain how the debitage would be categorised without this 

knowledge, a separate category was given in the database, the perceived category. For 
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the Class category of ≥10mm debitage, the actual class (A Class) was comprised of 30% 

(n=628) debris, while for the perceived class (P Class) this jumped to 45% (n=934). 

Therefore, almost half of the experimental assemblage’s ≥10mm debitage consisted of 

shapeless fragments. The fragments that were re-categorised as P Class debris were 

mainly mesial and sequential fragments (the sequential fragments often formed when a 

fragment was removed from either the dorsal or ventral face of the debitage) 

highlighting that these two fragment types are the most difficult to identify with 

certainty and will therefore be under-recognised in assemblages. Because of the 

difficulties in consistently identifying sequential breaks and fragments, these categories 

were excluded from the subsequent analysis of the archaeological assemblages. 

 

The fact that almost half of the experimental debitage was categorised as debris 

could make one despondent with attempting to analyse assemblages produced on 

coarse-grained vein quartz such as that from Belderrig, and view these ‘shapeless’ 

fragments as no more than gravel. Nevertheless, while this 45% of debris is substantial, 

and in many ways disquieting, the remaining 55% is more than amenable to analysis, 

and clear patterns of debitage formation and breakage were discerned. The analysis of 

the complete and platform flakes has shown that a number of characteristic platform 

attributes are identifiable, albeit with a number of complicating factors such as edge 

damage that forms during knapping and which can result in pseudo-platforms forming 

on non-proximal flakes, and fragmented platforms appearing as complete platforms due 

to sequential fracturing. While the platforms on bipolar flakes are generally distinct 

from the direct percussion platforms, a sizable proportion can take the appearance of 

direct percussion flakes, especially if the platforms are fragmented. 17.1% of the 

≥10mm bipolar debitage and 22.6% of the bipolar flakes appeared to be platform flakes, 

while 2.6% of the ≥10mm platform debitage and 4.6% of the platform flakes appeared 

as platform flakes. This highlights that it is more likely that bipolar flakes will be 

underestimated in an assemblage compared to platform flakes. For direct percussion, 

and especially bipolar percussion, bulbs were infrequent, and compression rings were 

only noted on two direct percussion flakes. These two flake attributes, which are 

generally discussed as characteristics that identify humanly-struck flakes, are not very 

useful in assessing assemblages formed on coarse-grained quartz. 
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Compared to the direct percussion, the bipolar component had a significantly greater 

proportion of complete flakes at a third of the flakes, with the direct percussion 

producing less than 8%. This may be related to size, with less surface area available for 

fragmentation. However, the different recording strategies may have slightly 

exaggerated the proportion of apparently complete bipolar flakes – as the bipolar 

debitage was not bagged per strike, it was difficult to identify sequential breaks and 

fragments; consequently, some of the bipolar flakes that were assigned as complete may 

in fact be flake fragments with indistinguishable sequential breaks; the surface of the 

quartz makes it difficult to assess the completeness of flakes compared to flint or chert. 

However, the bipolar knapping produced less debris, highlighting that the bipolar 

technique does not produce a multitude of shapeless fragments as witnessed with the 

direct percussion.  

 

In terms of differences between the soft and hard hammer direct percussion, little 

difference was discerned between the complete flakes. While on average the complete 

soft hammer flakes were larger and thicker than the hard hammer flakes, the differences 

for all the metrics were not statistically significant and therefore were not adequate 

predictors of technique or technique/support. The soft hammer component was also less 

likely to exhibit the strike’s impact mark on the platform compared to the hard hammer 

direct and bipolar flakes. This analysis, however, indicated that the proportion of siret 

breaks is a useful predictor of the technique/support used. The analysis of the 

proportions of siret breaks showed that the soft hammer produced significantly less siret 

breaks than the hard hammer or bipolar regardless of the quartz source, and that the use 

of the platform-on-anvil reduced the occurrence of siret breaks for both soft and hard 

hammer, but that using the beach quartz both increased and decreased the likelihood 

depending on the technique/support. The proportion of flakes with platform collapse 

was also analysed, with no significant difference between the techniques, highlighting 

that this variable is not a good predictor of technique. However, differences were 

discerned with the support used – the use of a platform-on-anvil method of knapping 

significantly increased the likelihood of platform collapse compared to freehand 

percussion. Table 11-2 provides a summary of the differences between soft and hard 

hammer flakes, highlighting that the only statistically significant difference is the 

proportions of siret breaks. 
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Characteristic Soft hammer direct percussion Hard hammer direct percussion 

Flake morphology Generally longer, wider and thicker  Generally shorter, narrower and thinner  

Platform size Generally thicker Generally thinner  

Impact mark Present on 79% Present on 96% 

Breakage  Significantly less siret breaks*  Significantly more siret breaks* 

Platform collapse Slightly more  Slightly less 

Curvature More straight More curved 

Flake regularity Almost all irregular Almost all irregular 

Bulb Slightly more apparent Slightly less apparent 

Compression rings Never present Never present 

Table 11-2 Experimental assemblage. Comparisons of direct percussion hard hammer and soft 
hammer flakes. * denotes statistically significant differences 

 

The analysis of the cores has shown that the process of core fragmentation 

complicates the interpretation of assemblages. Overall, 10% of the platform cores 

fragmented, resulting in a platform core assemblage of 21% core fragments – many of 

these core fragments are indistinguishable as core fragments, possibly resulting in an 

under-recognition of cores in archaeological assemblages and a consequent over-count 

of debitage. Neither the beach quartz nor the psammite quartz – both the sugar-textured 

quartz – produced core fragments; nor did the soft hammer elastic knapping events. For 

the platform cores knapped on inelastic supports, all but one core fragment set had 

indicative distal impact marks signifying the use of an anvil, as did the bipolar cores 

which also had proximal impact marks. The bipolar core assemblage produced a greater 

proportion of core fragments, but the bipolar component are overall easier to identify as 

bipolar cores and bipolar core fragments. One difference noted to Knutsson’s (1988a) 

experimental dataset was the occurrence of conical pieces, which he states as occurring 

from both bipolar and direct percussion knapping. In this series of experiments, all the 

conical pieces resulted from bipolar reduction, and were treated, cautiously, as bipolar 

core fragments. 

 

 

11.2 Quartz recognition experiment 
 

The initial analysis of the experimental assemblage made it clear that the correct 

identification of a given artefact’s place in the chaîne opératoire was often 

problematical especially with non-proximal flake fragments and core fragments thus 

leading to incorrect interpretations. As the experimental assemblage’s debitage had been 

for the most part divided into strike piles, the fragmentation of a given flake could be 
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reconstructed through conjoining – once this possibility of conjoining was taken away 

and the analysis was done ‘blind’, as would be the case in an archaeological 

assemblage, the results were quite different. In order to evaluate how people with 

different analytical skill levels recognise and categorise quartz artefacts, a quartz 

recognition experiment was designed and held during the 2008 excavations at Belderrig, 

and subsequently held during the World Archaeological Congress (WAC) conference 

held in UCD, in July 2008.  

 

A selection of platform and bipolar cores and debitage were selected from the 

experimental assemblage and presented to the participants. The participants were not 

told that the artefacts were from the experimental assemblage, but instead were told that 

they were ‘Belderrig quartz’ – which the experimental artefacts were made from. The 

reason for avoiding a description of the artefacts as deriving from the experimental 

assemblage was in order to maintain the possibility that some pieces were not 

anthropogenic in origin – as one might anticipate in an archaeological assemblage but 

not in an experimental one. Furthermore, I was concerned that if the quiz had taken 

place with participants knowing that a definitive answer existed interpretations may 

have been affected by this knowledge. Both factors seemed very important in terms of 

testing an archaeological typology (where prior knowledge does not usually exist).  

 

Due to differences in the presentation of the quiz to the participants at Belderrig and 

WAC, these were not analysed together, and the main analysis is based on the WAC 

experiment which had a greater number of participants, and included analysts with 

substantial experience in analysing quartz assemblages. 47 participants took part in the 

experiment at WAC. The participants were asked to self rate their experience with 

analysing lithics in general and quartz lithics in particular. 62% had substantial 

experience in lithic analysis and 23% had substantial experience with analysing quartz 

specifically; of those with no experience with quartz, 36% had substantial experience 

with lithic analysis. 

 

The participants were asked to identify and classify the quartz in a manner generally 

done with lithics – the first category of Piece divided the artefacts into either cores, 

debitage, indeterminate, or natural. The second was Type, which for the cores was 

dividing them into core types, and for the debitage dividing them into flakes or debris. 
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The third category was to sub-divide the debitage into regular platform flakes, irregular 

platform flakes, or bipolar flakes. The participants were also asked to note if the 

artefacts were complete or fragments, and also to note any case of modification, i.e. 

retouch. 

 

The results of the recognition experiment highlight that the ability of the participants 

to correctly identify and classify the artefacts was low, demonstrating the significant 

difficulties in recognising quartz artefacts even for archaeologists with substantial 

experience in analysing lithic assemblages and specifically quartz assemblages. While 

some of the individual participants fared better than their peers with similar skill levels, 

taken as a skill level cohort, all the cohorts fared poorly. Overall, the over-recognition 

rate of retouch was 9%, which broadly matches findings by Lindgren (1998). Those 

with substantial experience with analysing quartz generally had a greater success rate at 

both identifying flaked quartz as non-natural and also categorising it into its respective 

types. They were also less likely to note occurrences of retouch on the non-retouched 

artefacts. Nevertheless, the difference in scores was often slight, and statistically, apart 

from a few instances, the skill levels were not a good predictor of the participants ability 

to answer correctly.  

 

Some of the artefacts presented to the participants, especially the platform core 

fragments, were surmised to be difficult to correctly identify and classify and this 

proved correct. One of the more surprising and unexpected results was the 

misidentification of the bipolar component of the experimental assemblage. As noted in 

Chapter 4, the linkage between bipolar technology and quartz is experienced worldwide, 

so much so that many analysts have needed to stress that the two do not always 

necessarily have to go together, and indeed, that quartz technology is viable without the 

use of a bipolar strategy. Given this relationship, it is very surprising that the bipolar 

artefacts, or at least the bipolar cores, were consistently misidentified and misclassified 

by the participants, even those with substantial experience with analysing quartz. 

Significantly, when those with substantial quartz experience did judge a piece to be a 

bipolar core, they were only correct 55% of the time. They were incorrect as they 

mistook both platform core fragments and a platform flake for bipolar cores. The 

compiling of a consensus assemblage highlights that the bipolar component of the 

assemblage, which comprised 30% of the actual assemblage, was considerably under-
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represented – none were noted in the consensus assemblage of the minor quartz 

experience cohort, and just one in the substantial quartz experience cohort, which, 

ironically is actually a misidentification, as the ‘bipolar core’ that they agreed upon is 

one of the platform core fragments. 

 

 

11.3 Burnt quartz experiment 
 

In order to develop a framework for identifying and qualifying burnt quartz in 

archaeological assemblages, an assemblage of 280 artefacts, knapped using the same 

four quartz sources as in the experimental knapping assemblage, were burnt in an open 

fire. The artefacts were selected by size, providing 10 artefacts from each source 

material for each of the seven size grades. The remaining unburnt part of the 

assemblage was retained in order to compare to the burnt material. Three effects were 

investigated; the visible signs of burning, the fragmentation rate of the quartz, and the 

spatial distribution of artefacts. 

 

The effect of burning on the visual characteristics of the quartz was apparent 

immediately on placing the artefacts in the fire, with the assemblage turning a snow 

white from the general metallic grey hue. However, differences were apparent between 

the materials, with the Rose Cottage quartz component changing hue to a lesser degree 

than the other materials. The quartz with more abundant impurities changed as well, 

from grey and yellow to burnt orange and pink. The change in opacity was apparent for 

all materials but varied; for the metadolerite quartz, the least granular of the quartzes, 

the change was the most uniform, while for the beach quartz the change was slighter. 

The burning dulled all the materials, giving them a less vitreous appearance; this was 

especially the case for the metadolerite quartz. The lustre of the quartz is difficult to be 

precise about, and difficult to assess possible heat related changes without a similar 

sample to compare with. All the materials were still in effect vitreous, just less so. There 

was no difference in the granularity of any of the materials. The only effect noted was 

that the hue change created a contrast, accentuating the grain texture – this accentuation 

of grain texture might be due to some grain boundaries becoming the sites of 

macrofractures (Menuge 2009a pers. comm.): however, this effect was slight. The 

burning also increased the amount of visible macrofractures on the artefacts. While 
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Ballin (2008, 51) noted pitted and peeled off surfaces as characteristic of burning, 

neither of these were visible on the Belderrig burnt quartz. 

 

The effect of burning on the fragmentation of the quartz artefacts was dramatic, with 

a greater than fivefold increase in the assemblage’s quantity.  The 80 ≥35mm artefacts 

were reduced to 61, while the ≥15<25mm size grades almost doubled in quantity. The 

most dramatic difference was the smaller artefacts – <15mm artefacts initially 

accounted for 14.3% of the assemblage, and after burning they accounted for 80.5% of 

the assemblage, with the <5mm artefacts accounting for the majority of that proportion. 

The ≥1<10mm began with no artefacts and ended with 1128.  

 

The spatial analysis of the hearth has shown that, while the quartz fractures 

dramatically, there is less of an explosive expelling of artefacts from the hearth than 

with flint (see Sergant et al. 2006). Very few artefacts were expelled outside of the 

hearth, with most movement occurring over centimetres, resulting in a reasonably 

contained final hearth spread. The lack of explosive movement compared to the flint 

may relate to the lesser proportion of fluid in quartz compared with flint, resulting in 

less pressure during heating. In terms of a comparison to the fragment rate with the flint, 

this is not possible, as Sergant et al. (2006) do not provide a breakdown of the pre- and 

post-burn size grades.  

 

In terms of macroscopic visual characteristics of burnt quartz in archaeological 

contexts, therefore, a key consideration is what an unburnt sample of the raw material 

looks like. While a given artefact may appear as dull, opaque, with numerous fractures, 

the source of that material should be examined to determine whether the dullness and 

opacity is related to its source or burning; multiple fractures are not a useful 

characteristic for identification as these are common anyhow. The impurities, such as 

iron, in the quartz changed their hue the most, therefore these can be a useful indicator 

of burning. In terms of the microscopic visual characteristics, the thin sections have 

shown that the decrepitation of fluid inclusions is a signature of burning at high 

temperatures. The dramatic fragmentation of the quartz artefacts has serious 

implications for any analysis of a burnt quartz assemblage, or assemblages that contain 

burnt quartz. Problematically, it was noted that the multitude of smaller fragments 

produced during burning are the most difficult to identify as being burnt. Assemblages 
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with significantly high proportions of smaller fragments may suggest evidence of 

burning, other depositional and post-depositional factors notwithstanding. 

 

 

11.4 Case studies 
 

Following from the frameworks developed for understanding the fracture mechanics 

and burning of the quartz and in the experiments, two assemblages were analysed – a 

Mesolithic and Neolithic quartz lithic scatter from Belderrig, Co. Mayo and a quartz 

assemblage from a Neolithic palisaded enclosure at Thornhill, Co. Londonderry. While 

the rock crystal and non-quartz material have been referred to, the primary focus of 

analysis is on the vein quartz components, comparing them to the experimental 

knapping assemblage. Section 11.4.1 first provides a comparative overview of the 

quartz artefacts, followed by in Section 11.4.2 an overview of the case studies’ contexts. 

 

 

11.4.1  Assemblage comparisons 
 

As well as chronological and geographical differences, the two case study 

assemblages are derived from fundamentally different contexts – one an excavation of a 

small trench with a high artefact density, the other a part excavation of a large 

settlement with a much lower artefact density. Their unifying theme for this thesis, 

however, is that both are quartz assemblages, and they pose similar questions. One 

overriding question is how an understanding of the fracture mechanics might aid the 

interpretation of the assemblages, and help analyses move beyond the gravel effect, as 

coined by Callahan (1987), whereby quartz assemblages are viewed as composed of 

amorphous pieces. 

 

The category of debris is in effect a non-category – a category used when 

amorphous artefacts cannot otherwise be placed in other categories. While very few of 

the >20mm experimental debitage produced were categorised as debris, the 

problematical pieces were generally the debitage between 10mm and 20mm – 45% 

(n=934) of the ≥10mm debitage was categorised as debris, with the bipolar knapping 



323 

 

producing less debris than the direct percussion. Both Thornhill and Belderrig contained 

greater proportions of >20mm debris than the experimental dataset (Figure 11-1), 

highlighting that compared to a ‘fresh’ assemblage, archaeological assemblages will 

inevitably include more larger amorphous fragments due to taphonomic processes. 

 

 
Figure 11-1 ≥10mm Debitage proportions: flakes, debris, and slivers. Experiment platform, 
Experiment bipolar, Belderrig, and Thornhill assemblages 

 

While the Belderrig assemblage was close to the experimental direct percussion 

dataset in terms of flake proportions, the Thornhill assemblage was close to the 

experimental bipolar dataset even though the Thornhill assemblage was dominated by 

direct percussion flakes (Figure 11-1). 14% of the Thornhill flakes were bipolar; 

however, bipolar flakes may have been under-counted. Looking at only Thornhill flakes 

with striking platforms, 21% were bipolar flakes. Analysis of the experimental 

assemblage highlighted that while the platforms on bipolar flakes are generally distinct 

from the direct percussion platforms, a sizable proportion can take the appearance of 

direct percussion flakes, especially if the platforms are fragmented – 17.1% of the 

≥10mm bipolar debitage and 22.6% of the bipolar flakes appeared to be platform flakes, 

while only 2.6% of the ≥10mm platform debitage and 4.6% of the platform flakes 

appeared as platform flakes. Therefore about 20% of the flakes at Thornhill may in fact 

be bipolar flakes. It is unlikely, however, that it is much higher than this, as the majority 

is clearly direct percussion. The high proportion of flakes in the Thornhill assemblage 
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compared to the other datasets suggests that none of the Thornhill contexts appeared to 

represent a knapping floor assemblage. While Thornhill did not have a greater 

proportion of complete flakes, and far less complete bipolar flakes than the 

experimental bipolar dataset, it contained a high proportion of proximal flakes 

suggesting the selective importation and deposition of proximal flakes (Figure 11-2). 

The experimental direct percussion and the Belderrig assemblages have similar patterns 

of fragment proportions. 

 

 
Figure 11-2 ≥10mm Debitage P Fragment proportions. Experiment platform, Experiment bipolar, 
Belderrig, and Thornhill assemblages  

 

The proportion of cortical debitage was significantly different between the 

experimental and archaeological datasets. Figure 11-3 provides the proportions for the 

experimental datasets for both the overall quartz and the beach quartz alone, 

highlighting that the differences in cortex proportions is not solely due to the use or 

non-use of beach cobbles; the bipolar and platform datasets also produced similar cortex 

proportions. 

 

For the Thornhill assemblage it was posited that the low proportion of cortical 

debitage suggests that the debitage assemblage does not represent a knapping floor 

assemblage to a great degree, and that the ‘missing’ cortical flakes are either elsewhere 

in the unexcavated areas of the site, or at a further remove from the site altogether. 
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However, there was also a high proportion of >49% cortex bipolar and platform cores 

suggesting that the cores were not decortified by the communities of practice before 

being brought to the site for use or deposition (85% of both bipolar and platform 

cortical cores from Thornhill were identified as beach cobbles). Therefore, there is a 

clear mismatch in the cortex proportions between cores and debitage indicating a 

complex pattern in the chaîne opératoires of core and debitage use and deposition 

throughout the site’s contexts.  

 

 
Figure 11-3 ≥10mm Debitage cortex proportions for experimental and archaeological assemblages’ 
bipolar and platform debitage. The experimental assemblage is also presented for all quartz source 
materials and beach quartz only 

 

For the Belderrig assemblage, the low proportion of cortical artefacts suggests that 

the communities of practice’s chaîne opératoires involved the initial knapping of 

cobbles/blocks began away from the excavated trench area, with cores being brought to 

that area once decortified to some extent, as well as having bedding planes removed. 

The overall low proportion of cobbles suggests the a greater emphasis on quarrying of 

vein quartz. While the overall proportion of cortical artefacts was low, the earlier 

contexts contained significantly greater proportions than the later contexts, suggesting a 

difference in the chaîne opératoires of the communities of practice over time. This 

difference may relate to a lesser degree of initial knapping taking place away from the 
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excavated area during these earlier contexts and/or with more beach cobbles used in 

these contexts, and also a lesser degree of decortification of quarried blocks. For the 

quarried blocks, an alternative explanation is that quarried veins, which had been 

previously opened and consequently decortified, were subsequently quarried further 

during later contexts with less cortex on the material as it had been decortified already. 

This interpretation would suggest that the same veins were re-visited for use over the 

generations. 

 

While the Thornhill assemblage was more beach cobble-based than Belderrig (see 

Table 11-3 for summary comparison of the assemblages), for both of the archaeological 

assemblages there was a clear preference for smooth-grained quartz in the assemblage, 

which was noted during the experimental knapping to have a higher rate of 

fragmentation per strike than the more sugar-grained material. If this fragmentation 

pattern also held for the prehistoric communities of practice, it may imply that a higher 

fragmentation rate of materials was not an attribute to be avoided, and/or that 

characteristics of the material such as the smooth-grained appearance were more sought 

after than the apparently functional attributes of lesser fragmentation rates. 

Experimental work on the use of the differing quartzes would shed light as to which 

types of graininess is suitable for differing tasks in term of edge sharpness and edge 

maintenance/damage resistance. 

 

There were significant differences in the methods of knapping noted between the 

two archaeological assemblages. While at Belderrig there was no evidence for platform 

preparation such as faceting or abrasion in the chaîne opératoires, but rather the cores 

were primarily knapped directly using direct percussion, using both freehand and 

platform-on-anvil. In the earlier contexts there was a lower proportion of bipolar cores, 

with the later context containing a higher proportion suggesting a Neolithic component 

in the assemblage; the direct percussion artefacts from the context, however, do not 

appear to be significantly different from the earlier contexts in terms of the chaîne 

opératoires. Furthermore, while a considerable proportion of the cores from C.202 were 

bipolar, there is little evidence of in situ knapping, with just one bipolar flake noted. 

This may suggest that during the Neolithic material was deposited onto a previous 

collection of quartz artefacts.  
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Characteristic Belderrig Thornhill 

Flake type 99.9% platform flakes 86% platform flakes 

Platform flake morphology Short, wide, thick Small, wide, thin 

Proportion complete flakes 5% of flakes 5% of flakes 

Proportion diagnostic types 1% of assemblage 16% of assemblage 

Diagnostic types Primarily retouched flakes Primarily retouched flakes; 18% scrapers 

Retouched flakes Larger than non-retouched Similar size to non-retouched 

Cores 16% of assemblage 1% assemblage 

Beach cobble cores 11% of cores 53% of cores 

Technical procedures - Platform preparation, abrasion, faceting 

Core types28   

Platform  80% - primarily single platform 34% - primarily multiplatform 

Bipolar 15% 54% 

Bipolar/platform combine - 7% 

Radially split/conical piece 2% 6% 

Conical piece 4% - 

Complete platform flake (mean)   

Length (mm) 27.9 20.3 

Width (mm) 25.5 20 

Thickness (mm) 13.4 8.2 

Weight (g) 18 5.6 

Length/weight ratio (median) 4:1 9:1 

Complete platform core (median)   

Length (mm) 56.9 45.3 

Width (mm) 44.3 37.7 

Thickness (mm) 36.5 27.5 

Weight (g) 100 48.1 

Complete bipolar core (mean)   

Length (mm) 27 36.3 

Width (mm) 15.3 27.6 

Thickness (mm) 12.8 20.7 

Weight (g) 5.6 30.3 

Table 11-3 Summary comparison of Belderrig and Thornhill vein quartz assemblages 
 

In contrast the chaîne opératoires of the Thornhill communities of practice involved 

platform faceting, preparing, and abrading, and the techniques/supports included 

bipolar, direct percussion freehand platform, direct percussion platform-on-anvil, 

indirect percussion, bipolar-on-platform, and platform-on-bipolar; half the cores were 

bipolar. The communities of practice at Thornhill do not appear to have used the bipolar 

technique to reduce small platform cores further, as is noted in other lithic traditions 

(e.g. Callahan 1987; Knutsson 1988a; Ballin 2008). Indeed, many of the complete 

bipolar cores are larger than the complete platform cores, indicating that the latter were 

frequently knapped to a smaller size. Neither is this difference related to the quality of 

the quartz, as similar quartz was knapped with both techniques.  
                                                           
28 Excluding possible cores. 
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None of the Belderrig cores resemble classic Later Mesolithic Larnian uniplane 

cores. The examples of single platform cores were usually knapped at up to 90% of the 

platform circumference and the single platform cores were generally subsequently 

rotated, resulting in dual, opposed cores or rotated again resulting in multiplatform 

cores; 80% of the platform cores were multiplatform. The absence of uniplane cores is 

not, however, problematical from a typological perspective – the Ferriter’s Cove 

excavations highlighted that a low amount of uniplane cores can be expected on Later 

Mesolithic sites, with the uniplane core a by-product of a certain method of working and 

not a strict template to be followed (Woodman et al. 1999).  

 

While multiplatform cores dominated the Belderrig assemblage, at Thornhill single 

platform cores dominated the platform core component, with the dual, right angled 

cores a distinctive difference to the Belderrig chaîne opératoires. The Thornhill 

platform cores contained a much greater size range and substantially smaller cores 

compared to the Belderrig assemblage, with the Belderrig cores producing a tighter 

cluster of cores in the middle and upper range of length/width/thickness. Overall, the 

Belderrig platform cores’ means for all metrics were significantly greater, with smaller 

standard deviations, and a much lower length/weight ratio which is the result of much 

thicker cores. 

 

The Belderrig knapping appears geared towards the production of short, wide, thick 

flakes, with many of the flake fragments of similar dimensions, if not larger, than the 

complete flakes. Along with the thousands of non-retouched flakes, many of which can 

be considered as tools, a small number of diagnostic types were identified including a 

butt trimmed flake, a borer, and a point/notched piece; besides these, the rest were 

predominantly retouched flakes while one with abrupt retouch on its distal end could be 

considered scraper-like. None of the cores were retouched, while one retouched artefact 

was categorised as a core/debitage. Compared to the non-retouched artefacts, the 

diagnostic artefacts were significantly larger in all dimensions and weight. While there 

is therefore a clear distinction in terms of size between the retouched and non-retouched 

artefacts, it is difficult to discern if the retouched artefacts represent the reuse of non-

retouched tools, or if they represent a different kind of tool which necessitated retouch, 

and larger size of artefact, from the outset. Just one ‘classic’ Later Mesolithic type – a 
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butt trimmed flake – was noted. Other flakes are morphologically similar to butt 

trimmed types, minus the retouch. The Ferriter’s Cove site also had a low proportion of 

butt trimmed forms, and overall the flaked stone assemblage consisted of 0.5% (n=36) 

“retouched tools” (Woodman et al. 1999, 29, 76), while the Belderrig quartz 

assemblage consisted of 0.6% retouched artefacts and if the possible retouched artefacts 

are included this increases to 1%; the non-quartz component consisted of 3.2% (n=2) 

retouched artefacts. Therefore, the Belderrig quartz assemblage does not appear to have 

a lower proportion of retouched artefacts compared to Ferriter’s Cove at least.  

 

In terms of the use of the non-retouched debitage from Belderrig, the apparent lack 

of slivers, and in some contexts of mesial fragments, was suggested as possible 

evidence for the removal of such artefacts from the area for use. Considering the 

communities of practice’s location at a coastal site, a possible interpretation for these 

small fragments is the use in fish processing. Flenniken (1981) noted that small, non-

retouched fragments of vein quartz were hafted for use as fish processing tools, with 

these erstwhile non-diagnostic pieces of quartz noted as functional tools because they 

were found hafted in waterlogged contexts; while there, the communities used bipolar 

reduction to specifically produce such artefacts, at Belderrig a possible interpretation is 

that such fragments were a useful by-product of the communities vein quartz chaîne 

opératoire, and a use of the fracture characteristics of the quartz.  

 

The Thornhill knapping appears to have been geared towards small, wide, thin 

flakes, with almost no blades noted in the assemblage. The Belderrig’s complete flake 

median length/weight ratio was 4:1 while Thornhill’s was 9:1, highlighting the 

considerable comparative thinness of the Thornhill flakes. While the Thornhill non-

quartz assemblage consisted of over a third diagnostic types, the quartz component 

contained a much smaller proportion at 4.9% of the assemblage, which is nevertheless 

significantly greater than the Belderrig assemblage. Unlike the Belderrig diagnostic 

types, the Thornhill diagnostic types’ means for the various metrics were not 

significantly different than the non-retouched artefacts. Overall, there were seven 

scrapers, two borers, one retouched pebble, two retouched cores, one retouched bipolar 

flake, 24 retouched platform flakes, and three retouched debris. One scraper was on a 

bipolar core while another was on a core/debitage with the remainder on platform 

flakes. Scrapers on flakes with plunging terminations were noted, and the higher 
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proportion of flakes with plunging terminations compared to the Belderrig assemblage 

suggests that the chaîne opératoire included the purposive knapping of plunging flakes 

for subsequent use as scrapers which was also noted for the non-quartz assemblage 

(Nelis 2004). For the 24 retouched flakes, the most common type of retouched flake had 

abrupt, rectilinear retouch on lateral edges. 

 

Both Mesolithic and Neolithic assemblages had evidence for platform-on-anvil 

knapping. There has been little discussion of the platform-on-anvil technique in Irish 

lithic research. A notable exception to this lack of discussion is Nelis’ (2004, 866) 

research on Neolithic assemblages from Northern Ireland, which included the 

identification of platform-on-anvil cores. However, two assemblages may point to its 

use in the Later Mesolithic besides with quartz at Belderrig. At Ferriter’s Cove 

Woodman et al. (1999, 32) noted for the flint cores “areas of severe damage are visible 

on a number of distal ends of single- and dual-alternate platform cores…Although this 

implies the use of an anvil support, there is little typological or refitting evidence for the 

use of the bipolar technique”. While in a lithic scatter from Corralanna Warren et al. 

(2009, 15) noted the discovery of a large stone with pitting, interpreted this as an anvil 

but commented that “the absence of any evidence of bipolar techniques in the 

assemblage suggests that this pitting results from activities unrelated to stone-working 

tasks”. Both of these analyses looked for evidence of bipolar cores specifically rather 

than for evidence of platform-on-anvil knapping. This may suggest that this type of 

technique was more prevalent than has been appreciated. 

 

The low proportion of siret breaks in the Mesolithic assemblage at Belderrig was 

interpreted as suggesting the use of soft hammer by the communities of practice there, 

as well as the additional evidence of the low proportion of impact marks on the flakes 

with complete platforms. At Thornhill, however, while the proportion of siret breaks 

was also low, 100% of the complete platforms exhibited impact marks, suggesting hard 

hammers. This is a reversal of what had been expected for the different lithic traditions. 

At the outset of the experimental knapping, it was surmised that the Mesolithic would 

be hard hammer-based, while the Neolithic lithic traditions may have included soft 

hammer percussion.  
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Both soft and hard hammer reduction have been noted in Irish Early Mesolithic but 

which attributes were used to distinguish between the techniques were not indicated 

(Costa et al. 2001), while for the Later Mesolithic the use of hard hammer has been 

identified by “the variation in platform size, the number of prominent bulbs of 

percussion, and the broad flake scars on many of the cores” (Woodman et al. 1999, 71); 

for some Neolithic assemblages, soft hammer flakes have been noted but not defined 

(Brady 2001, n.d.-a, n.d.-b), while for others they have been identified and 

distinguished: “hard hammer…produces flakes with platforms…[and] soft 

hammer…sometimes produces flakes with no platforms” (Milliken 2002a, 2002b). 

Redman (1998, 90-1) argued that the results of her analysis of an assemblage produced 

by three knappers using both techniques suggested that categories of ‘hard hammer 

flake’ and ‘soft hammer flake’ “are, in a sense, meaningless” – greater variability was 

seen between the three different knappers rather than impactor and the only variables 

immune to idiosyncratic knapper difference were the bulb thickness, max thickness and 

midpoint thickness; while immune to knapper difference they were nevertheless only 

weak at distinguishing between impactor type.  

 

In terms of the attributes noted by Woodman et al. (1999, 71) for hard hammer, 

similar attributes were produced using a soft hammer during the present experimental 

quartz knapping. This suggests that further research is needed on both quartz and non-

quartz materials to test the ability to distinguish between hard and soft hammer 

techniques in Irish lithic traditions. And Redman’s (1998) warning that experimental 

knapping should be conducted by more than one knapper to distinguish which attributes 

are created by the idiosyncratic nature of individual knappers is important. The 

difficulty with predicting the use of soft hammer on the basis of the proportion of siret 

breaks is that an archaeological assemblage will not include the exact proportions of 

artefacts of a ‘fresh’ knapping floor such as the experimental knapping, and the 

proportion of siret breaks may be altered by the removal or addition of debitage in the 

area. This was the case for the Thornhill assemblage, but may also apply to the 

Belderrig scatter, where it was shown that there was a mismatch of materials and 

artefacts within the assemblage. Additionally, it is possible that the knapping expertise 

of the communities of practice at Belderrig, along with the method/technique employed 

with a hard hammer, may have resulted more closely with what was achieved with a 
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soft hammer during these experiments, i.e. thicker flakes less likely to form a siret 

breaks.  

 

The quartz burning experiment showed that changes in hue are apparent in burnt 

quartz, with these changes apparent on larger pieces and where the original hue of the 

quartz is known. For the Belderrig assemblage only 11 artefacts (0.2% of total) were 

noted as burnt (n = 1) or possibly burnt (n = 10). As 10 were described as possibly burnt 

the 11 may represent an over-count of actual burnt artefacts, suggesting that the 

Belderrig assemblage did not witness burning to a great extent. For the Thornhill 

assemblage 19 artefacts were burnt (n=2) or possibly burnt (n=17). The two burnt 

artefacts were cores, while the possibly burnt were all debitage. The pits are over-

represented with the burnt or possibly burnt artefacts, with three of the seven from the 

pits coming from one pit. For the non-quartz component 19% of the assemblage was 

burnt/heated, with 15% described as heavily burnt; 13% of the “modified assemblage” 

was also burnt (Nelis 2004, 298-9). This proportion is at odds with the quartz 

component, which had 2.3% burnt or possibly burnt artefacts – this significant 

difference cannot be put down entirely to the difficulties in identifying burnt quartz, and 

may result from a different treatment of materials, or different contexts of burnt 

material. 

 

 

11.4.2  Site contexts’ overview 
 

The two quartz assemblages in many ways typify the differing site ‘types’ and 

excavation contexts of the Later Mesolithic and Neolithic periods in Ireland. The 

Belderrig Mesolithic assemblage was a research-led excavation consisting of an 

accumulation of lithics, some ephemeral features, and the construction of a stone 

platform of sorts, while the Neolithic component at Belderrig is associated with the 

construction of stone walls; the Thornhill Neolithic assemblage was a development-led 

excavation consisting of an accumulation of lithics and numerous features such as a 

series of palisades, substantial structures, and a plethora of pits.  

 

While these different contexts contrast strongly, they do not involve, however, a 

stereotypical dichotomy between ephemeral, acultural hunters (fishers/gathers) and 
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concrete, cultural farmers. But they did involve changes in the landscape of which 

people, animals, and plants, and (from a modern perspective) inanimate objects like 

quartz together formed, and changes in peoples’ relationship with the landscape and its 

inter-related parts, including quartz. From a taskscape perspective – which recognises 

life as a sequence of inter-related activities and an enaction of fundamentally social 

technological practices that encompassed the entirety of communities’ world and world-

view – these changes clearly shaped and affected the quartz chaîne opératoires. 

 

 The quartz scatter from Belderrig is part of a larger assemblage excavated on a 

hillside overlooking the mouth of a river at Belderrig Bay, North Mayo. The portion of 

the Belderrig assemblage selected for analysis consisted of over 5000 vein quartz 

artefacts, with a minor proportion of rock crystal and non-quartz, excavated from a c. 

12m² cliffside trench (TR2), located at the point of a substantial erosion scar, with an 

eroded pathway running over the excavated area. Quartz artefacts were visible on the 

surface of TR2 before excavation, with the thin layer of turf/peat having been eroded 

away along the thoroughfare. The date range of the excavations shows intermittent 

activity for over two thousand years, from the Later Mesolithic to the end of the 

Neolithic, resulting in three main artefact-bearing contexts. 

 

The lower, earlier, main artefact-bearing context (C.203) dated to c. 4300-4500 cal 

BC, accounted for nearly half of the artefacts, and is interpreted as a pre-peat woodland 

topsoil that was subsequently compressed, truncated, or eroded. The analysis suggests 

that C.203 represents an area of in situ knapping with a clear demarcation of artefact 

quantities, types and sizes into three areas – concentration, adjacent, and periphery. This 

division possibly suggests the working and deposition by the communities of practice of 

cores and heavy debitage in the adjacent area or a clearance of the larger and heavier 

artefacts from the concentration into the adjacent area; an above average proportion of 

the diagnostic types came from the concentration. There appears to be a low proportion 

of cores from this context for the amount of debitage present, which may imply that not 

all the cores were deposited in situ. Other cores did not match the debitage and were 

knapped with a different strategy and on different quartz than available locally, 

suggesting that these cores may represent an importation of cores by the communities of 

practice which were not further reduced in situ but instead deposited. Additionally, the 

non-quartz assemblage from the C.203 group contained cores without matching 
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debitage, again suggesting the deposition of cores in the excavated area but not in situ 

knapping. 

 

The next main artefact-bearing context was C.206, dated to c. 4000-4200 cal BC. 

The artefacts from C.206 came from within and on top of the formal, flat, metalled layer 

of pebbles and cobbles. The construction of the metalled layer marks this context out as 

the greatest difference from the previous context. Unlike the previous context, there is 

less of a distinct concentration/adjacent/periphery divide, with a more even spread of 

material across the top half (northeast), and the lower quarter (southwest) having 

substantially less. 

 

C.202, the third main artefact-bearing context, may represent a later disturbance, 

with artefacts within it representing the upper level of C.206. From the analysis of the 

vein quartz artefacts’ fragmentation and size, however, it does not appear that C.202 

contains more fragmented artefacts than C.206, but rather C.206 contained a greater 

proportion of smaller fragments than C.202 or C.203; C.202 contained more complete 

and lateral fragments (more likely to be knapping breaks than post-depositional breaks) 

than C.206, suggesting a lack of disturbance in C.202. While C.202 had a greater 

proportion of bipolar cores, pointing to a possible Neolithic component in the 

assemblage, the direct percussion artefacts do not appear to be significantly different 

from the earlier contexts in terms of the chaîne opératoires, such as noted in the 

Thornhill Neolithic assemblage. Furthermore, while a considerable proportion of the 

cores from C.202 were bipolar, there is little evidence of in situ knapping, with just one 

bipolar flake noted. This may suggest that during the Neolithic material was deposited 

onto a previous collection of quartz artefacts.  

 

The Thornhill palisaded enclosure sits on a terrace on a low ridge on the left bank of 

the River Foyle close to the present-day river’s mouth. The development-led rescue 

excavation was initiated after monitoring of topsoil stripping uncovered substantial 

archaeological evidence. The site was divided into three areas – Area 1 consisted mainly 

of 35 pits and was interpreted by the excavators as an area set aside for ritual activity. 

Area 2 contained eight palisades, five structures, numerous pits, as well as other 

features. A number of the pits from Area 2 were also interpreted as ritual pits, including 

a number that blocked the palisade entrances. Area 3 was not fully excavated but the 
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limited investigation suggested further evidence for structures and palisades and other 

features. The flaked stone assemblage consisted of over 800 vein quartz artefacts, with a 

minor amount of rock crystal and over 600 flint artefacts, excavated from over 2000m²; 

the quartz artefacts came from over 50 individual contexts and over 100 fills, as well as 

28 strata. 60% of the artefacts came from the topsoil and 18% came from the pits, with 

the remaining contexts, primarily the palisades and structures, having 8% or less each. 

None of the contexts appear to represent a knapping floor, suggesting that limited 

knapping may have taken place within the area excavated, which was only a limited part 

of the overall settlement.  

 

Three of the five structures contained quartz artefacts. Along with the pits, the 

structures were over-represented in the proportion of complete flakes compared to other 

contexts. The deposition of lithics in the Thornhill structures point to differences in the 

lithic chaîne opératoires between structures and materials – while Structure E contained 

the largest quantity of non-quartz flaked artefacts, it contained no quartz artefacts and 

no natural quartz pieces; Structure D contained no non-quartz and contained one quartz 

flake fragment along with one natural quartz piece. While Structure B and Structure C’s 

plans intermixed, no quartz was retrieved from Structure C and Structure B had quartz 

deposition, often of single artefacts, in the foundation trenches as well as under the 

threshold stone and internal features. Structure B’s (and Structure A’s) artefacts had a 

greater emphasis of bipolar cores and flakes compared to the pits. However, the 

deposition of the cores in the structures does not appear to represent knapping taking 

place, but rather the deposition of cores in the various features such as the foundation 

trenches. 

 

Of the 35 pits in Area 1, quartz artefacts were uncovered from 10 with another six 

pits containing natural quartz only. 17 pits in Area 2 contained quartz artefacts. The 

contexts (apart from the topsoil) with the largest collection of artefacts were two pits. 

Pit C.2966 in Area 2 contained the largest collection, while Pit C.140 in Area 1 

contained the second largest collection of artefacts and largest collection of diagnostic 

types – half of the artefacts from Area 1’s 10 pits came from this one pit. While the 10 

artefact-bearing pits from Area 1 had a greater ratio of quartz artefacts to natural quartz 

pieces compared to the pits in Area 2, Area 2 had more pits with only artefacts and no 

natural quartz, and Area 1 had more pits with only natural quartz. Overall, the pits were 
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over-represented in the proportion of diagnostic types and in the proportion of 

sugar/smooth- or sugar-grained artefacts compared to other contexts. At Thornhill, there 

appears to be the purposive deposition by the communities of practice of complete 

quartz flakes in the pits and structures, of a material that has a much higher 

fragmentation rate than other knapped stone. 

 

As well as this deposition of complete flakes, many of the pits had depositions of 

complete pebbles and lumps of natural quartz along with lesser quantities of split 

pebbles and fragments of lumps. These do not appear to represent a caching of lithic 

raw material, and some pits contain only natural pieces in basal layers, with upper layers 

containing a mixture of natural and artefactual material. This suggests a structuring of 

deposits in some pits. The presence of an abundance of ‘natural’ quartz in various pits 

either with ‘artefacts’ or alone raises the question of the archaeological definition of  

natural. For the present analysis, which is examining the use of quartz in the lithic 

technologies, it is easy to define ‘natural’ as material that does not show signs of use or 

modification and ‘artefacts’ as those that do. Clearly, the pits suggest that in terms of 

prehistoric practice such a designation breaks down. While these natural quartz pieces 

are not artefacts sensu stricto, they represent a clear manipulation of materials that goes 

beyond the use of quartz for ‘stone tools’. The fact that this manipulation is not 

observed with ‘natural’ flint adds weight to the argument that quartz had its own 

significance for the prehistoric communities.  

 

In addition to the significance of ‘natural’ quartz a number of indeterminate pieces 

suggest the deposition of  antique’ artefacts or as items that looked like artefacts. Four 

of them came from Structure B. Three, which all resembled cores, came from  a 

posthole which terminated the southern side foundation trench of Structure B and were 

deposited with a complete bipolar core, while the fourth, which also resembled a core, 

and came from an internal porch, deposited with a bipolar flake. A further two 

indeterminate pieces were interpreted as possible ‘antique’ artefacts – Pit C.138 in Area 

1 and Pit C.784 (part of the conjoined ritual pit group blocking a palisade entrance) both 

contained an indeterminate piece each, that were possible retouched artefacts. 

 

At Thornhill, there is evidence that the communities were working quartz in a 

similar fashion to flint, but they nevertheless appear to have used and treated the 
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material in different ways. While 60% of the assemblage was found in the topsoil and 

no clear knapping floor was detected, deposits in the structures and pits can be seen as 

ritualised activity in the communities of practice’s chaîne opératoires, resulting in 

structured deposits. At the time of the occupation of Thornhill, Neolithic communities 

were involved in the construction and use of megalithic structures, many of which have 

evidence for the use of quartz in various manners. As was argued in relation to the 

Belderrig quartz scatter, where the analysis of the quartz artefacts did not clearly 

identify any ritualised or symbolic use or deposition of the material, the quartz from 

both places can be interpreted as having held differing roles and differing significance 

depending on the context and on the observer or participant. Consequently, it is not a 

question of an either/or of the sacred and profane, but rather when, where, and by 

whom.  

 

While the use of all materials can be seen as symbolically charged, quartz has been 

argued to be especially powerful material, and this has implications for the 

interpretation of the assemblages here. Looking at the chaîne opératoires at play from 

the perspective of a ritualised taskscape places the question of what the ‘tools’ were 

used for, and what the excavated area represents, in another dimension: in viewing the 

quartz assemblage as neither strictly utilitarian nor strictly symbolic, one can consider 

the material as on a continuum of ritualised practice. The quartz used by the 

communities was not a material found ‘out there’ in the landscape, and subsequently 

exploited and discarded, but the quartz itself was part of the taskscape amongst the other 

parts such as the humans, plants, and animals. At Belderrig, it is posited that quarried 

veins may have been revisited and reworked over the generations, becoming a part of 

the dynamic traditionalism of the communities. At Thornhill, while most of the 

assemblage appears to be cobble-based, quarrying may also have taken place. Cooney 

(1995) has pointed to ritualised activity at a Neolithic porphyry axe quarry site where a 

cluster of quartz artefacts were deposited at the base of the quarried rock face.  

 

At Belderrig, while no structured deposition in features was noted, the clearest 

representation of symbolic or ritualised practice can be seen in contrasts – a small 

number of cores have been interpreted as being non-local quartz; these cores had no 

matching debitage, suggesting an importation of cores for deposition at the locale. As 

well as these non-local quartz cores, the chaîne opératoires included the deposition of 
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non-local, non-quartz cores and debitage; these cores and debitage were a mismatch of 

materials, suggesting no in situ knapping, but rather the deposition of non-local 

material. One of the non-quartz artefacts deposited was a chert flake with a triangular – 

almost flake-shaped – quartz inclusion thus marrying the local and non-local materials. 

This mismatch of materials – both quartz and non-quartz – could be interpreted as the 

excavated area representing a ‘dump’, a midden of lithics and organic material, with the 

lithics being the remaining material culture. However, it was argued that the material 

does not necessarily represent a dumping of material – a midden sensu stricto (for 

discussions on middens and refuse see Needham and Spence 1997) – but rather can be 

seen in line with the structured depositing of the local quartz, of activities taking place 

in the context of a midden sensu lato, where a midden can be seen as an accumulation 

of material culture, an accumulation of artefacts and ecofacts, without modern 

categorisations of these as rubbish or waste.  

 

 

11.5 Conclusion 
 

This thesis undertook a series of experiments in order to develop a framework for 

analysing quartz technology in Irish prehistory. The results of the experimental 

knapping, the experimental burning, and the quartz recognition experiment have shown 

that the analysis of vein quartz artefacts is certainly difficult, but not impossible – a 

clear understanding of the fracture mechanics of the material as set out in the 

experimental knapping provides a framework for the analysis of vein quartz in the 

archaeological assemblages, and therefore helps in understanding the prehistoric 

communities who chose to use this material. While the fracture mechanics of quartz 

created constraints to its use – as witnessed by the lack of certain tool types made with 

cryptocrystalline materials – quartz should not be interpreted as a second, or third, rate 

material. Rather, quartz is a special material with special qualities which the prehistoric 

communities of practice throughout Ireland understood and used successfully. 

 

By way of conclusion, I will set out a summary of the quartz analysis framework 

developed and used in this project, and reiterate why such a framework is necessary. 

The significant differences between quartz and chert (and other cryptocrystalline 

materials) fracturing necessitates a quartz framework. As summarised in Table 11-1, 
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assemblages of chert and quartz knapped using the same technique will appear to be 

substantially different in terms of debitage types, fragmentation, morphology, and 

occurrence of attributes such as bulbs, compression rings, and eraillure flakes. If mixed 

assemblages are to be analysed correctly these differences must be factored into the 

analysis, otherwise interpretations will be misleading.  

 

The initial part of the framework consists of dividing the material into ‘worked’ and 

‘natural’ quartz. Pieces with sub-rounded or rounded edges are considered ‘natural’ 

quartz; angular pieces may also be natural fragments, and some of these may be 

incorrectly categorised as ‘debris’ – it can be difficult to draw a clear, distinct line 

between them. As noted in the analysis of the Thornhill assemblage, even though many 

of the quartz pieces were deemed ‘natural’, there appears to have been distinct 

depositional practices of ‘natural’ quartz by the communities there. Consequently, even 

though pieces may be deemed natural in terms of stone tool analysis, this does not mean 

that they were not in fact used in prehistory.  

 

The lynchpin of the framework is the fragmentation characteristics of quartz. On 

average, the quartz debitage produced 4.5 times more ≥10mm fragments that chert, with 

relatively few complete quartz flakes produced. It is critical that analyses differentiate 

between complete and fragment flakes. As noted previously, in his analysis of 

numerous Scottish quartz assemblages, Ballin (2008) made no reference to flake 

fragments, with the result that it is unclear if all flakes were being treated as if they were 

complete, or if the analysis treated both complete and fragment flakes equally. The 

framework developed here categorised the break and fragment types (Figure 6-7), which 

provided a detailed analysis of the artefacts, with which to compare to the 

archaeological assemblages. Common occurrences were the sequential breaks and 

fragments, which were amongst the hardest to identify in the experimental assemblage, 

and were generally interpreted as ‘debris’. Because of the difficulty in identifying these 

breaks and fragments consistently, these categories were excluded during the analysis of 

the archaeological material, inevitably resulting in a loss of information and an increase 

in the ‘debris’ category. 

 

For the analysis of cores, the process of core fragmentation complicates the 

interpretation of assemblages, as many of the core fragments are indistinguishable as 
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such, possibly resulting in an under-recognition of cores in archaeological assemblages 

and a consequent over-count of debitage. The bipolar core assemblage produced a 

greater proportion of core fragments, but the bipolar component is, overall, easier to 

identify as bipolar cores and bipolar core fragments – however, the participants of the 

quartz recognition experiment had significant difficulties in identifying bipolar cores. 

One difference noted to Knutsson’s experimental dataset was the occurrence of conical 

pieces, which he states as occurring from both bipolar and direct percussion knapping. 

In this series of experiments, all the conical pieces resulted from bipolar reduction, and 

are treated, cautiously, as bipolar core fragments. 

 

In terms of attributes of flake platforms, the following points are provided.  

1. Impact point. The impact point on quartz is typified by a whitened area, formed 

by micro- and macro-fractures which increase the opacity in the area and also 

partially fill with quartz dust; the whitened impact point is found on the detached 

flake’s platform and often on the core if the impact point was at the edge of the 

platform. However, the impact point may be more ephemeral in many cases and 

in some case not visible at all – while the vast majority of the complete hard 

hammer and bipolar flakes retained a visible impact point, the soft hammer had a 

significantly lesser proportion. The lack of a whitened area with some of the soft 

hammer platforms is a result of a lack of micro-fractures and macro-fractures 

forming. 

2. Platform morphology and radial and transverse fissures. Radial and 

transverse fissures form on the platform, which can result in full fractures if they 

develop significantly. As well as these fissures, more substantial fractures can 

develop, with a signature fracture being the triangular fracture with the triangle’s 

apex forming at the impact point; another triangular fracture can often form 

radiating towards the dorsal face of the platform as well. The triangle’s apex is 

often less acute, resulting in a more rounded form and appearing as a convex 

fracture. If these fractures develop fully, a triangular-shaped platform fragment 

is formed, or a more convex shape if the apex was less acute. Another 

characteristic platform is formed during a sequential break, where the flake 

breaks into a number of flakes, which some or all can take the appearance of 

complete flakes, with complete platforms and flake terminations. The bipolar 

flake platforms are generally characterised by a rounded platform with the steep 
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side on the ventral face of the flake, with the platform angle reversed compared 

with direct percussion platforms. As with the direct percussion platforms, bipolar 

platforms can also fracture in a triangular fashion, leading to triangular-shaped 

platform fragments. While non-proximal radial fissures are a consistent pattern 

on the quartz, these fissures occur regularly on non-knapped quartz and therefore 

are not by themselves indicative of knapped quartz. 

3. Pseudo-platforms. A complicating fragment is where a pseudo-platform is 

created by a transverse break, formed by edge damage during flake formation – 

these ‘platforms’ appear to have an impact point and radial fissures, and can 

appear to be complete flakes rather than non-proximal flake fragments. 

4. Bulbs and compression rings. For both bipolar and direct percussion, bulbs 

formed very infrequently and barely any compression rings were discernable. 

5. Distinction between bipolar flakes and platform flakes. While this distinction 

was generally clear, a sizable proportion of bipolar flakes appeared as platform 

flakes. 17.1% of the ≥10mm bipolar debitage and 22.6% of the bipolar flakes 

appeared to be platform flakes, while 2.6% of the ≥10mm platform debitage and 

4.6% of the platform flakes appeared as bipolar flakes. This highlights that it is 

more likely that bipolar flakes will be underestimated in an assemblage 

compared to platform flakes. 

 

The experimental knapping highlighted that nearly half of a quartz assemblage’s 

≥10mm debitage may be debris, but the majority of these will be <20mm (greatest 

dimension). However, in order to attain a greater depth of analysis, this framework sub-

divided the debris into size categories, with ‘slivers’ being debris with a thickness of 

<3mm – the 3mm cut-off point was decided upon after experimentation suggested that it 

created a meaningful division. The pieces were passed through a callipers set to 3mm, 

allowing for a rapid categorisation of the pieces. This proved an efficient method of 

categorising artefacts. The <10mm debitage was not classified as flake fragments, 

instead these pieces were classified as debris. While this categorisation will inevitably 

miss some small flake fragments, this system attempted to strike a balance between a 

thorough analysis and limited time period with which to analyse an assemblage; these 

small fragments are the hardest – and most time consuming – to identify flake attributes 

on, therefore the time spent on classifying these small pieces can often be of limited 

value. 
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The burnt quartz experiment highlighted the dramatic effect that burning has on 

fragmenting quartz, where the burnt assemblage contained over five times the initial 

assemblage’s artefacts. In terms of macroscopic visual characteristics of burnt quartz in 

archaeological contexts, a key consideration is what an unburnt sample of the raw 

material looks like. While a given artefact may appear as dull, opaque, with numerous 

fractures, the source of that material should be examined to determine whether the 

dullness and opacity is related to its source or burning; multiple fractures are not a 

useful characteristic for identification as these are common anyhow. The impurities, 

such as iron, in the quartz changed their hue the most, therefore these can be a useful 

indicator of burning. While Ballin (2008, 51) noted pitted and peeled off surfaces as 

characteristic of burning, neither of these were visible on the Belderrig burnt quartz. In 

terms of the microscopic visual characteristics, the thin sections have shown that the 

decrepitation of fluid inclusions is a signature of burning at high temperatures. 

However, without thin sectioning, it is not possible to identify this decrepitation. 

 

The clearest message of this project is that it is imperative for analysts faced with an 

assemblage with quartz to understand the fracture mechanics of quartz and how this 

differs from cryptocrystalline rocks such as flint and chert. The experimental 

assemblage produced during this project is available for researchers to examine, but it is 

also recommended that analysts collect and knap quartz themselves to gain first-hand 

experience of the fracture mechanics of quartz. This is especially so given that ‘quartz’ 

is not a homogeneous material; quartz forms, and is altered, under different conditions 

in different locations with consequent variability in crystal size and so forth. These 

variables have implications for the knapping quality of the material, and analysts must 

be cognisant of, and allow for, them in their analyses.  
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Appendices 

 
Appendix A-1 Glossary of terms 
Term Definition 

(A) Class, Fragment, Type 

During the experimental knapping, it was determined that two categories were needed to record 

what was known about the debitage, and how they would be perceived without this knowledge. 

Therefore two entries were recorded in the database – the actual class/fragment/type termed 

the (A) Class/Fragment/Type, and the perceived class/fragment/type termed the (P) 

Class/Fragment/Type; the actual and perceived attributes could then be compared 

Bipolar core 

A bipolar core is a core derived from knapping with a bipolar technique, which involves an 

impactor striking the top of core which rests on an anvil, with flakes being initiated from both 

ends of the core. The force is therefore considered as compressive and the flake is initiated by 

wedging (Cotterell and Kamminga 1987, 685). A bipolar core generally contains evidence of 

impact marks from the impactor and the anvil 

Bipolar flake 

A bipolar flake is the result of a bipolar knapping technique. During the experimental knapping 

the quartz bipolar flakes were generally characterised by a rounded platform with the steep side 

on the ventral face of the flake, with the platform angle reversed compared with direct 

percussion platforms. The bipolar platforms can also fracture in a triangular fashion, leading to 

triangular-shaped platform fragments. The majority of the experimental bipolar flakes had 

feather terminations 

Blade 

A blade is often defined as a flake with a length/width ratio of 2:1 or greater (e.g. Inizan et al. 

1999, 130; for an argument against this metrical definition see Sørensen 2006). With very few 

of the experimental flakes having length/width ratio of 2:1 or greater, the category of blade was 

excluded in the present analysis 

Collapsed platform 
A collapsed platform is defined as a platform which collapsed at the point of impact; a platform 

fragment is when the platform has fractured away from the point of impact 

Conical piece 

Conical pieces were noted by Knutsson as occurring through different knapping techniques, 

and described as “hav[ing] one point of impact formed by several converging, negative and 

positive fracture facets. The point of impact may be crushed. Opposite this point of impact is a 

flat surface created by an already existing fracture in the piece of raw material or natural plane. 

These pieces are produced when a detaching blow crushes the 'flake' and at a point where the 

fracture front meets a flat fracture face that runs perpendicular to the line of the detaching blow” 

(Knutsson 1988a, 90-1). During the present experimental knapping experiments conical pieces 

only occurred during bipolar knapping where the top or bottom of a bipolar core has fractured 

perpendicular to the impact point, and have been defined as bipolar core fragments 

Core A core is a piece of lithic raw material which is struck in order to remove flakes 

Cortex 

While quartz does not form cortex in the same manner as flint, the term is used here as a 

shorthand for the exterior surface which become altered due to weathering, natural abrading, 

and so forth. 

Cortical core/debitage/flake A piece with at least 1% of exterior surface covered with cortex 

Debitage  

Debitage refers to all “removals resulting from the knapping of a core, i.e. to all flakes in the 

broader sense of the term: those resulting from preparation, potential tool blanks, and all waste 

products” (Inizan et al. 1999, 138). Therefore debitage also includes tool types formed on flakes 

or debris. 

Debris 
“[S]hapeless fragments whose mode of fracture cannot be identified, and which cannot be 

assigned to any category of objects” (Inizan et al. 1999, 138). See also ‘Sliver’ 

Diagnostic type 
The term diagnostic type is used her to distinguish between retouched and non-retouched 

artefacts, and includes ‘types’ such as scrapers, projectiles and so forth which are generally 

seen as ‘tool types’ and forming a typology, as well as retouched flakes/blades/cores 
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Direct percussion 

Direct percussion is a technique whereby a core is struck at an angle of less than 90º, which 

removes debitage from the core. This distinguishes itself from bipolar percussion where the 

striking angle is around 90º. The cores and debitage resulting from direct percussion core are 

also called a platform cores and debitage 

Dual, alternate core A direct percussion/platform core with two striking platforms on alternate faces of the core 

Dual, opposed core A direct percussion/platform core with two striking platforms on opposite ends of the core 

Indeterminate piece 

An indeterminate piece is used here to categorise a piece that cannot definitively described as 

an artefact but cannot be deemed to be natural. Another category of ‘possible’ is used which is 

more likely to be an artefact than an indeterminate piece, but again cannot be definitively 

assigned as such 

Irregular flake 
Flakes are divided into regular and irregular flakes. A regular flake has at least 10mm of an 

acute straight edge while irregular flakes do not 

Fissures Small fracture lines 

Flake 
A flake is a removal from a core through knapping with characteristic attributes, which can be 

used as a tool in the form it was knapped or may be retouched or modified before use 

Method 
“[A]ny carefully thought out sequence of interrelated actions, each of which is carried out 

according to one or more techniques” during knapping (Inizan et al. 1999, 30). 

Modified 
This term indicates artefacts that have been modified by retouch or use wear, therefore 

modified pieces would be included as diagnostic types 

Multiplatform core A direct percussion/platform core with more than two striking platforms 

Natural piece 
A natural piece is used here to categorise material that has noted been knapped or does not 

show evidence of use or modification 

Platform Shorthand for striking platform: the area on a flake which received the strike during knapping 

Platform fragment See collapsed platform 

Platform core/debitage Platform core/debitage is a shorthand phrase for direct percussion core/debitage 

(P) Class, Fragment, Type See above, (A) Class, Fragment, Type 

Possible artefact See Indeterminate piece 

Radially split piece 
These are pieces that are often shaped like a segment of an orange, and in quartz knapping 

can result from both bipolar and direct percussion (e.g. Knutsson 1988a) 

Regular flake See Irregular flake 

Retouch/wear mark 
The term retouch/wear mark is used in order to include both possible types of modification in 

the identification without differentiating them.  

Single platform core A direct percussion/platform core with one striking platform 

Siret break A siret break occurs at the point of impact, creating a longitudinal fracture 

Sliver A sliver is used to sub-divide debris by size – slivers are debris that are <3mm thick 

Sequential break/fragment 

During the experimental knapping it was noted that the quartz often fractured sequentially (see 

Figure 6-7), occurring when a fragment was removed from either the dorsal or ventral face of 

the debitage. This sequential fracture sometimes occurred when a fracture had been initiated 

from a previous strike and subsequently the second strike removed the main flake and the 

previous incipient flake. Also, the use of the bipolar technique in a sense produces sequential 

fragments because a single strike will result in a number of flakes. The category of sequential 

was used to classify both a fragment and a break. These sequential flakes were difficult to 

identify correctly, and the majority became categorised as debris, in the (P) Class categories 

(see above).These sequential breaks and fragments were consequently difficult to identify 

consistently in the archaeological assemblages, and therefore were excluded as categories 

Support – elastic 
Elastic support used during knapping could be the knapper’s hand or leg, or could be soft 

material used as an anvil such as wood or leather etc. 

Support – inelastic Inelastic support used during knapping such as a hard anvil 

Technical procedures 
“[S]hort systematic sequences of actions involved in any kind of preparation, such as: the 

abrasion of an overhang [etc]” (Inizan et al. 1999, 30). 
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Technique 

“Physical actions – a deft flip of the hand, the use of a hard or soft hammer, the interposition of 

a punch – are all examples of techniques” (Inizan et al. 1999, 30). The techniques used in the 

experimental knapping were bipolar and soft and hard hammer direct percussion 
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Appendix A- 2 Summary of quartz finds database. Worked finds = Y; possibly worked or uncertain 
= ? 

County Site/Townland Site type Wor
-ked Reference 

? Killbarryowen Y (Scannell 1992) 

? N/A Lithic scatter Y (Kador 2007a pers. comm.) 

Antrim Ballygalley House Y (Moore 2002) 

Antrim Ballyharry House Y (Crothers 1996; Moore 2002) 

Antrim Dooey's Cairn Court tomb Y (Collins 1976) 

Antrim Cloghs ? NMI 1934:4571 

Antrim Craigmacagan Y NMI NO REG.# 

Antrim Cloughs Y NMI 1929:375 

Antrim Donegore Hill Settlement Y (Nelis 2003) 

Antrim Dunmurry Y NMI 1936:1413-31 

Antrim Goodland Pit; Ditches ? (Case 1953) 

Antrim Shandragh Settlement Y (Conway 1994) 

Antrim Langford Lodge Pit; Stakeholes Y (Waterman 1963) 

Antrim Sallagh ? NMI 1934:10726 

Antrim Windy Ridge Lithic scatter Y (Woodman et al. 1991-92) 

Antrim Lyles Hill Court tomb Y (Evans 1953) 

Antrim Toome ? NMI 1933:2983-92 

Antrim Unknown Y NMI 1934:5400-1 

Antrim Unknown ? NMI 1934:5553 

Antrim Unknown ? NMI 1934:5554 

Antrim White Park Sandhills Y NMI 1951:65-6 

Armagh Annaghmare Court tomb ? (Waterman 1965) 

Armagh Clontygora Large Court tomb Y (Herity 1987) 

Carlow Ballinacarraig Lithic scatter Y (Zvelebil et al. 1996) 

Carlow Killinane Cist ? NMI 1982:95 

Clare Cahermackirilla cairn Cairn ? (Grant 2002) 

Cork Ballinure, Mahon Pit Y (Purcell 2005) 

Cork Bohonagh Stone circle; Hut and 
dolmen ? (Fahy 1961); NMI E738:1-7 

Cork Moneen Cairn Y (O'Kelly 1952) 

Cork Pepperhill House (possible) Y (Gowan 1988) 

Londonderry Thornhill Lithic scatter Y (Schulting and Ó Néill 2002) 

Londonderry Thornhill enclosure Palisades; Structures; Pits 
and others Y (Logue 2000); present thesis 

Londonderry Enagh House Y (Mc Sparron 2003) 

Donegal Ardee Lithic scatter Y (Kimball 2000) 

Donegal Bavan Court tomb Y (Flanagan and Flanagan 1966) 

Donegal Carrickbrack Cist ? (Ó Ríordáin 1958);  NMI 1957:73 

Donegal Castletown Lithic scatter Y (Kimball 2000) 

Donegal Drummenny Lower House Y (Dunne 2003) 

Donegal Drung Cist ? (Rynne 1963) 

Donegal Dunfanaghy Sandhills Y (Knowles 1889) 

Donegal Glencolumbrille Y NMI 1934:1686-98 

Donegal Gortnalughoge ? NMI 1934:4317 

Donegal Gortnalughoge ? NMI 1934:4331 

Donegal Horn Head ? NMI 1934:1934 

Donegal Laheen Y NMI 1961:178-9 

Donegal Laheen Y NMI 1964:17-8 
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Donegal Maghera Y NMI 1934:3473-6 

Donegal Maghera ? NMI 1934:3484-5; 3561-5 

Donegal Tramore Strand ? NMI 1961:132 

Donegal Tramore Strand Sandhills ? NMI 1961:132 B26:3 

Donegal Mullaghderg ? NMI 1934:3611 

Donegal Rossbeg ? NMI 1934:4259 

Donegal Rossepenna ? NMI L1934:111-2 

Donegal Straleel North Y NMI 2006:71-2 

Donegal Tranarossan ? NMI 1934:4332-4 

Donegal Tranarossan ? NMI 1934:4335 

Down Audleystown Court tomb Y (Collins 1954) 

Down Ballykinder ? NMI 1934:9425 

Down Dundrum sandhills Sandhills ? NMI 1934:7116-8, 7270, 7319 

Down Knockiveagh Round cairn Y (Collins 1957) 

Down Lough Moroney ? NMI 1934:359 

Down Dundrum sandhills Sandhills Y (Collins 1952, 1959) 

Down Newcastle sandhills Lithic scatter ? (Hewson 1938);  
NMI 1934:9207-31 

Down Newtownards ? NMI 1932:4530-78 

Down Newtownards ? NMI 1934:359 

Down Portstewart ? NMI 1934:10126-9 

Down Portstewart ? NMI 1934:10132-5 

Down Portstewart ? NMI 1934:4095,4116-7 

Down Portstewart ? NMI 1934:4118 

Down Portstewart Y NMI 1934:9715 

Down Strangford ? NMI 1932:5337-41 

Down Unknown ? NMI L1934:179 

Dublin Ballinascorney Upper Cairn Y (Healy 1988) 

Dublin Ballough Pit Y (Chapple 2002) 

Dublin Cherrywood, Site 11 Prehistoric landscape Y (Milliken 2002a) 

Dublin Clondalkin ? NMI 1932:5609 

Dublin Cooldrinagh - CDR05 Multiperiod Y (Sternke n.d.-a) 

Dublin Feltrim Hill Lithic scatter Y (Hartnett and Eogan 1964);  
NMI 1947:750-2 

Dublin Kill of the Grange ? NMI 1958:138 

Dublin Kilshane Segmented enclosure Y (Moore 2004b) 

Dublin Lambay Island Lithic scatter Y (Cooney 2005) 

Dublin Laughanstown, Site 40 Y (Finlay 2003a) 

Dublin Laughanstown, Site 78 Y (Ballin 2003) 

Dublin Laughanstown, Site C (25) Y (Finlay 2003a) 

Dublin Mt. Gamble ? (Brady n.d.-b) 

Dublin Newtown (Balscaddin) ? ? (Lynch 1997) 

Dublin Piperstown Site M Structure Y (Rice 2006) 

Dublin Robswall Lithic scatter Y (Ó Néill and Kerins 2002) 

Dublin Walshestown ? NMI 1973:93-187 

Galway Dereenmeel Lakeshore Y NMI 1999:122 

Galway Omey Island Shell midden ? (O'Keeffe 1993) 

Galway Mound 2 ? NMI 1935:903-4 

Kerry Ballyeagh Y NMI? 

Kerry Ballyeagh, Midden C Midden ? NMI 1944:185 

Kerry Ferriter's Cove Lithic scatter Y (Woodman et al. 1999) 
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Kerry Castlegregory Y (Scannell 1992) 

Kerry Castlegregory Sandhills Y NMI 1942:355-7 

Kerry Cloghers House Y (Kiely 2003) 

Kerry Gortatlea Ditched Enclosure ? (Connolly 2000a) 

Kerry Killehenny golf links Sandhills Y NMI 1942:358-9 

Kerry Killehenny sandhills Sandhills ? NMI 1944:528-9 

Kerry Rockfield Pit ? (Connolly 2000b) 

Kildare Castlereban North Lithic scatter ? (Zvelebil et al. 1996) 

Kildare Corbally Houses Y (Brady 2001) 

Kildare Corbally, House 4 House Y (Milliken 2002b) 

Kildare Knockaulin Neolithic Y (Smyth 2006a) 

Kilkenny Kilmurry Cist ? NMI 1959:30 

Kilkenny Rathpatrick, Site 17 Y (Woodman and Sternke n.d.) 

Laois Grange Lithic scatter ? (Zvelebil et al. 1996) 

Leitrim Kilnagarns, Cairn A and B Court tomb Y (Corcoran 1964); NMI E49:25 

Limerick Clonmacken Cremation burial pit ? (Hull 2004) 

Limerick Cush ? (Ó Ríordáin 1940); NMI E10:784 

Limerick Doonmoon Pit; Ring ditch ? (Gowan 1988) 

Limerick Duntryleague Ring barrow; Ring ditch Y (Gowan 1988) 

Limerick Elton Agricultural ditch Y (Gowan 1988) 

Limerick Grange Stone circle ? (Woodman and Scannell 1993) 

Limerick Grillagh Y (Scannell 1992) 

Limerick Garret Island ? (Woodman and Scannell 1993) 

Limerick Knockadoon Hill Habitation site Y (Anderson 2003) 

Limerick Knockadoon, Circle J Stone circle Y (Grogan and Eogan 1987) 

Limerick Knockadoon, Circle K House Y (Grogan and Eogan 1987) 

Limerick Knockadoon, House 1, Circle K House Y (Grogan and Eogan 1987) 

Limerick Knockadoon, House 2, Circle K House Y (Grogan and Eogan 1987) 

Limerick Knockadoon, Site 12 Enclosure Y (Grogan and Eogan 1987) 

Limerick Knockadoon, Site A House ? (Woodman and Scannell 1993) 

Limerick Knockadoon, Site B House ? (Woodman and Scannell 1993) 

Limerick Knockadoon, Site C House ? (Woodman and Scannell 1993) 

Limerick Knockadoon, Site D House ? (Woodman and Scannell 1993) 

Limerick Knockadoon, Site F House Y (Ó Ríordáin 1954) 

Limerick Knockadoon, Site H House Y (Ó Ríordáin 1954) 

Limerick Knockadoon, Site I House Y (Ó Ríordáin 1954) 

Limerick Wedge tomb Wedge tomb Y (Ó Ríordáin and Ó h-Iceadha 
1955) 

Limerick Mitchelstowndown North Cremation pit group Y (Gowan 1988) 

Limerick Rathjordan Barrow Y (Ó Ríordáin 1947) 

Limerick Tankardstown South House Y (Woodman n.d.) 

Longford Kinale 1 Crannog/platform ? NMI 1969:579 

Longford Lough Kinale Crannog/platform Y [personal note] 

Longford Newtowncashel  Y NMI Records: Property of St. 
Mel's College, Longford 

Louth Aghnaskeagh Court tomb ? (Evans 1935); NMI E2:105 

Louth Dowdallshill Pit ? (O'Neill 2004) 

Louth Gallstown Cultivation furrows ? (Murphy 1995a) 

Louth Littlegrange Lithic scatter Y (O'Carroll 2000) 

Louth Mullagharlin/Haggardstown Post-hole/structures ? (McLoughlin 1999) 

Louth Mt. Oriel Lithic scatter Y (Cooney 1990) 
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Mayo Ballyglass, Site 13 House; Pits Y (Warren Forthcoming) 

Mayo Ballyglass, Site 14 Court tomb Y (Ó Nualláin 1998) 

Mayo Behy Court tomb Y (Dolan and Warren 2006) 

Mayo Beldergbeg Pre-bog field system ? (Caulfield 1971a) 

Mayo Belderrig Lithic scatter Y (Warren 2009b); present thesis 

Mayo Carrowcor II Fulacht fiadh Y (Guinan 2001) 

Mayo Glenulra Lithic scatter; House Y (Byrne 1989a, 1993a) 

Mayo Glenulra Lithic scatter ? (Byrne 1992a) 

Mayo Glenulra and Behy Lithic scatter; House Y (Byrne 1991) 

Mayo Gortaroe II House Y (Gillespie Forthcoming) 

Mayo Gorteendrunagh Fulacht fiadh ? (Walsh 1996) 

Mayo Inishkea North Midden Y NMI 2002:205 

Mayo Leedaun, Site #45, area 1 Settlement ? (Gillespie 1999) [quartz not cited 
on webpage; from report] 

Mayo Rathlackan court tomb Court tomb Y (Byrne 1992b, 1993c) 

Mayo Rossbeg Y (Gillespie Forthcoming) 

Mayo The deserted village Multiperiod Y (McDonald 1995, 2000) 

Meath Carranstown Barrow? Y (Dehaene 2003) 

Meath Collierstown Monastic settlement ? NMI E31:1-168 

Meath Corballis  28 Lithic scatter Y NMI C97.2:28: 

Meath Corballis 39 Lithic scatter Y NMI C97.2:39: 

Meath Corballis 41 Lithic scatter Y NMI C97.2:41: 

Meath Cruicerath House ? (Smyth 2006b) 

Meath Cullen 100 Lithic scatter Y NMI C97.2:100 

Meath Cullen 13 Lithic scatter Y NMI C97.2:13: 

Meath Cullen 20 Lithic scatter Y NMI C97.2:20: 

Meath Cullen 27 Lithic scatter Y NMI C97.2:27: 

Meath Cullen 3 Lithic scatter Y NMI C97.2:3:1 

Meath Cullen 91 Lithic scatter Y NMI C97.2:91: 

Meath Cullen 93 Lithic scatter Y NMI C97.2:93: 

Meath Dowth 86 Lithic scatter Y NMI C97.2:86: 

Meath Glebe House Passage tomb (vicinity) ? (Murphy 1995b) 

Meath Fennor 48 Lithic scatter Y NMI C97.2:48: 

Meath Fennor 51 Lithic scatter Y NMI C97.2:51: 

Meath Fennor 9 Lithic scatter Y NMI C97.2:9:4 

Meath Fennor 97 Lithic scatter Y NMI C97.2:97: 

Meath Fleenstown Little Enclosure ? (Moore 2004a) 

Meath Four Knocks, Site I Passage tomb ? (Hartnett 1971); NMI E8:61-2 

Meath Fourknocks, Site II Passage tomb Y (Hartnett 1971); NMI E18:3,51 

Meath Gillinstown 66 Lithic scatter Y NMI C97.2:66: 

Meath Gilltown 4 Lithic scatter Y NMI C97.2:4:1 

Meath Gilltown 5 Lithic scatter Y NMI C97.2:5:1 

Meath Gilltown 70 Lithic scatter Y NMI C97.2:70: 

Meath Gilltown 84 Lithic scatter Y NMI C97.2:84: 

Meath Johnstown 93 Lithic scatter Y NMI C97.2:93: 

Meath Kilmaniham 1A Structure 2 House Y (Lyne n.d.) 

Meath Kimmins Y NMI 1998:102 

Meath Knowth, Site M Pits; Linear ditch ? (Stout 2002) 

Meath Lagore Little Lithic scatter Y (Milliken 2003) 

Meath Loughcrew ? ? NMI X:4309,44312-4 

Meath Loughcrew, Cairn L and V Passage tomb Y (Herity 1974);  
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NMI 1942:866 NMI X:4296 

Meath N/A 87 Lithic scatter Y NMI C97.2:87: 

Meath Newgrange 15 Lithic scatter Y NMI C97.2:15: 

Meath Newgrange 36 Lithic scatter Y NMI C97.2:36: 

Meath Newgrange 45 Lithic scatter Y NMI C97.2:45: 

Meath Newgrange 96 Lithic scatter Y NMI C97.2:96: 

Meath Newtown (E.D. Painestown) 1 Lithic scatter Y NMI C97.2:1:2 

Meath Newtown (E.D. Painestown) 101 Lithic scatter Y NMI C97.2:101 

Meath Newtown (E.D. Painestown) 42 Lithic scatter Y NMI C97.2:42: 

Meath Newtown (E.D. Painestown) 44 Lithic scatter Y NMI C97.2:44: 

Meath Newtown (E.D. Painestown) 58 Lithic scatter Y NMI C97.2:58: 

Meath Newtown (E.D. Painestown) 6 Lithic scatter Y NMI C97.2:6:1 

Meath Newtown (E.D. Painestown) 60 Lithic scatter Y NMI C97.2:60: 

Meath Newtown (E.D. Painestown) 7 Lithic scatter Y NMI C97.2:7:3 

Meath Newtown (E.D. Painestown) 8 Lithic scatter Y NMI C97.2:8:2 

Meath Painestown (E.D. Painestown) 14 Lithic scatter Y NMI C97.2:14: 

Meath Rathmullan Site 13 Pit Y (Bolger 2001) 

Meath Rossnaree 22 Lithic scatter Y NMI C97.2:22: 

Meath Rossnaree 24 Lithic scatter Y NMI C97.2:24: 

Meath Rossnaree 47 Lithic scatter Y NMI C97.2:47: 

Meath Rossnaree 88 Lithic scatter Y NMI C97.2:88: 

Meath Roughgrange 30 Lithic scatter Y NMI C97.2:30: 

Meath Roughgrange 32 Lithic scatter Y NMI C97.2:32: 

Meath Roughgrange 33 Lithic scatter Y NMI C97.2:33: 

Meath Roughgrange 34 Lithic scatter Y NMI C97.2:34: 

Meath Roughgrange 35 Lithic scatter Y NMI C97.2:35: 

Meath Roughgrange 90 Lithic scatter Y NMI C97.2:90: 

Monaghan Monalty Lough Island ? (Wood-Martin 1886); 
NMI 1956:234 

N. Ireland Unknown ? NMI 1934:10716-8 

N. Ireland Unknown Unknown Y NMI 1936:3440-1 

Roscommon Crannog 7, Lough Gara Crannog/platform ? NMI E20:937 

Roscommon Drumanone Lakeshore ? NMI E20:3745 

Roscommon Drumanone portal tomb Portal tomb ? NMI E23:7-12 B15:6 

Sligo Barnasrahy 62 Low cairn Y (Bergh 1995) 

Sligo Carrowkeel F Passage tomb ? (Macalister et al. 1911-12) 

Sligo Carrowmore Lithic scatter Y (Bergh 2001) 

Sligo Carrowmore 15 Boulder circle ? (Bergh 1995) 

Sligo Carrowmore 17 Boulder circle; Chamber ? (Bergh 1995) 

Sligo Carrowmore 27 Boulder circle; Chamber ? (Bergh 1995) 

Sligo Carrowmore 4 Boulder circle; Dolmen ? (Bergh 1995) 

Sligo Carrowmore 49 Boulder circle; Dolmen ? (Bergh 1995) 

Sligo Carrowmore 54 Boulder circle; Dolmen ? (Bergh 1995) 

Sligo Creevykeel court tomb Court tomb ? (Hencken 1939; Corcoran 1964); 
NMI E34:126; NMI E34:171 

Sligo Magheraboy, Area 2C Causwayed enclosure Y (Danaher and Cagney 2005) 

Sligo Raghly ? NMI 1934:4184 C25:15 

Sligo Rathdoony Beg Mound Y (Mount 1999) 

Sligo Rathdoony Beg Bowl barrow Y (Mount 1999) 

Sligo Rathdoony Beg Saucer barrow Y (Mount 1999) 

Sligo Stredagh Sandhills Y (Knowles 1889) 
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Tipperary Chancellorsland Settlement Y (Doody 1993a) 

Tipperary Tullahedy Mound ? (McConway 1998) 

Tyrone Barnes Lower Court tomb Y (Collins 1966) 

Tyrone Clady Haliday Court tomb ? (Herity 1987) 

Tyrone Knockmany Passage tomb ? (Collins 1960) 

Tyrone Tullywiggan Occupation site Y (Bamford 1971) 

Unknown Unknown Unknown ? NMI 1956:296 

Waterford Ballyloughmore Lithic scatter Y (Kador 2007a pers. comm.) 

Waterford The Lodge site Lithic scatter ? (Green and Zvelebil 1990) 

Waterford The Flynn site Lithic scatter ? (Green and Zvelebil 1990) 

Waterford Harristown Passage tomb ? (Hawkes 1941) 

Waterford Knockavelish Lithic scatter Y (Green 1987) 

Waterford Leperstown Lithic scatter Y (Kador 2007a pers. comm.) 

Waterford Quillia Lithic scatter Y BL 309.1 

Waterford Quillia Lithic scatter Y BL 310.1 

Waterford Raheen Lithic scatter Y (Kador 2007a pers. comm.) 

Westmeath Derravaragh Lithic scatter ? (Mitchell 1972b) 

Westmeath Knockast Cemetery mound ? (Hencken et al. 1934);  
NMI 1932:6677 

Wexford Ask Burial complex Y (Stevens 2005) 

Wexford Ballyellin Burnt mound Y (Martin 2005) 

Wexford Coolamurry Burnt mound ? (Fegan 2004) 

Wexford Dunbrody Lithic scatter Y (Kador 2007a pers. comm.) 

Wexford Dunbrody Lithic scatter ? (Kador 2007a pers. comm.) 

Wexford Whiterock South Structure Y (Tobin 2000) 

Wicklow Ballynapark, A022/035 Y (Sternke n.d.-b) 

Wicklow Ballyvaltron, A022/053 Multiperiod Y (Sternke n.d.-c) 

Wicklow Newcourt Pit circle Y (Clutterbuck 2001) 

Wicklow Baltinglass Passage tomb ? (Walshe 1941); MNI E11:19-29 

Wicklow Templeteenaun Church Y (Warren 2007 pers. comm.) 
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Appendix A- 3 Summary quartz finds database. Non-worked finds 
County Site/townland Site type Reference 

Antrim Unknown   NMI 1927:508 

Carlow Russellstown House (Logan 2007) 

Cavan Enach   NMI 1935:19 

Clare Parknabinnia Court tomb (Jones 2004b) 

Clare Poulnabrone Portal tomb (Lynch 1986) 

Clare Tullycommon Cave (Dowd 2005) 

Cork Altar Wedge tomb (O'Brien 1999) 

Cork Barrees   (O'Brien 2003) 

Cork Kilbarry Cist burial (Kavanagh 1973) 

Cork Toormore Wedge tomb (O'Brien 1999) 

Derry Cornaclery round cairn Cairn (May 1942) 

Down Ballyfounder   NMI 1933:3166 C7:5-9 

Dublin Edmondstown Cist burial (Kavanagh 1973) ;NMI P1951:23 

Dublin Feltrim Hill, Site A Lithic scatter (Hartnett and Eogan 1964);NMI 1947:454 

Dublin  Kishoge House (Milliken n.d.) 

Dublin Sutton Midden? (Mitchell 1972a) 

Galway Annaghkeen   NMI 1908:20 

Kildare Corbally, House 5 House (Milliken 2002b) 

Kilkenny Coolmore cist 1 Cist burial NMI 1961:220 

Limerick Kiltenan South House (possible) (Tobin 2000) 

Limerick Lough Gur Wedge tomb (Ó Ríordáin and Ó h-Iceadha 1955) 

Mayo Ballyglass 13 Court tomb (Warren Forthcoming) 

Meath Mound of the hostages, burial IX Cist burial (Kavanagh 1973) 

Meath Collierstown Burial mounds NMI 1933: 

Meath Loughcrew, Cairn H Passage tomb NMI 1942:1164-5, 1167, 1169, 1172, 1172  

Meath Loughcrew, Cairn H Passage tomb NMI 1942:1173 

Meath Loughcrew, Cairn U Passage tomb NMI 1942:873 

Sligo Carrowkeel G Passage tomb (Macalister et al. 1911-12) 

Sligo Carrowmore 3 Passage tomb (Bergh 1995) 

Sligo Carrowmore 27 Boulder circle with 
chamber (Bergh 1995) 

Sligo Kingsfort Crannog NMI 1928:726 A-C 

Sligo Knocknarea Site 8 Low mound (Bergh 1995) 

Tyrone Caledon Pit (Dunlop 2004) 

Waterford Kilgreany Cave Cave (Movius 1935) ;NMI E9:101 

Westmeath Uisneach   NMI 1928:479-99 
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Appendix A- 4 Experiment techniques, support, impactors, and raw materials 
Technique Support Impactor  Material  Amount 

    Chert 1 

Direct 

 

Elastic 

Hard stone  

Psammite 2 

Dolerite 2 

Beach 2 

Rose Cottage 2 

Antler  

Psammite 2 

Dolerite 2 

Beach 2 

Rose Cottage 2 

 

Inelastic 

 

Hard stone  

Psammite 2 

Dolerite 2 

Beach 2 

Rose Cottage 2 

Antler  

Psammite 2 

Dolerite 2 

Beach 2 

Rose Cottage 2 

Bipolar Inelastic Hard stone  

Psammite 2 

Dolerite 2 

Beach 2 

Rose Cottage 2 

 
 
Appendix A- 5 Input variables 

Experiment Input Description 

(1) Experiment # 
 

(2) Group # 

(3) Raw material The type and source of the core 

(4) Morphology 

The original core will photographed, described, and measured 

(5) Weight (g) 

(6) Max. length (mm) 

(7) Max. width (mm) 

(8) Max. thickness (mm) 

(9) Cortex 

(10) Inclusions 

(11) Goal What end result was intended during knapping, i.e. size of flake 

(12) Method The method is what actions were used to shape the core 

(13) Technique As listed in Appendix A- 4 

(14) Support As listed in Appendix A- 4 

(15) Impactor type and 
weight As listed in Appendix A- 4 

(16) Technical 
procedures Technical procedures include platform preparation/abrasion etc. 
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Appendix A- 6 Output variables per experiment 
Experiment Output Description 

(1) Reason for stop I.e. lack of good angles, small size 

(2) Number of strikes The number of strikes throughout the experiment 

(3) Number of failed 
strikes 

The number of strikes that failed to detach material, or material of a significant size 
(i.e. > 10mm) 

(4) Average fragment 
count per strike The average amount  of fragments per strike; overall and excluding complete flakes 

(5) Count of cores Amount of resultant cores, including core fragments 

(6) Number of child 
cores used  

If the ‘parent’ core fractured and the resultant pieces were then used, this will be 
recorded as a child core 

(7) Weight of debitage ≥ 
1mm 

These three sizes are used to qualify what are often standard grades in analysis: the 
1mm parameter is devised due to the 1 mm sieve under this size is not generally 
recorded; the 5 mm parameter is devised due to the 5 mm sieve that is used ‘on-site’ 
during the excavations at Belderrig; the 10mm category is used, as this size is 
commonly used as a cut off point (cf. Ballin 2000; Woodman et al. 2006), and 
therefore this can quantify this category in an experimental assemblage  

(8) Weight of debitage ≥ 
5 mm 

(9) Weight of debitage ≥ 
10mm 

(10) Count of debitage ≥ 
10mm  

 
 
Appendix A- 7 Core attributes 

Core Attributes Description 

(1) Child core # 
 If the ‘parent’ core fractured and these ‘child’ cores were then 

used, this will be recorded as a child core, and the resultant 
debitage from this child core can be identified  

(2) Type 

Single platform 

 

Dual, opposed 
Multiplatform 
Bipolar 

(3) Sub type 
Conical piece 
Radially split 

(4) Fragment  

(5) Fragment siblings  The record number(s) of the core fragments which conjoin to it 

(6) Impact mark  For bipolar cores 

(7) Distal impact mark   

(8) Curvature  For bipolar cores 

(9) Max. length (mm)  

Cores are measured with the greatest dimension as the length, 
and the smallest dimension as the thickness. They are measured 
along the three main axes. 

(10) Max. width (mm)  

(11) Max. thickness (mm)  

(12) Edge angle (rounded 
to nearest degree) 

 

(13) Weight (g)  

(14) Cortex 
 

0% 
While technically quartz does not have cortex, the term cortex is 
used as a shorthand for the exterior surface with physical or 
chemical weathering, excluding heat altered 

1-49% 
50-99% 
100% 
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Appendix A- 8 Debitage attributes 
Debitage attributes Description 

(1) Class 
Flake The flakes are not subdivided into 

flake/blade. Debris 

(2) Type 

Platform 
Regular or irregular 

sliver = debris with max. thickness 
<3mm 

Bipolar 
Debris 
Sliver 

(3) Sub type  
Size grades of debris and sliver: 
≥20mm, <20≥10mm, <10≥5mm 
<5≥1mm, <1mm 

(4) Morphology 

Curvature 
Straight 

 Concave 
Convex 

Lateral 
margins 

Parallel 
 Symmetrical, not parallel 

Irregular 

 
(5) Bulb 

Present 
Major 

 Diffuse 
Absent 

(6) Compression ring 
Present 

 
Absent 

(7) Point of impact 
Present 

 
Absent 

(8) Fissures 
Present 

 
Absent 

(9) Termination 

Feather 

 

Step 
Hinge 
Plunging 
Irregular 
Absent 

(10) Fragment  See Figure 6-7 for fragment 
recording 

(11) Break type 

Siret 

See Figure 6-7 for break 
recording 

Uneven 
Clean 
Crystal plane 
Sequential 

(12) Weight (g) 

  

(13) Max. length (mm) 
(14) Max. width (mm) 
(16) Max. thickness (mm) 

(17) Edge angle (rounded 
to nearest degree) 

(18) Platform 
Present 

Flat 

 

Rounded 
Prepared 
Abraded 
Fragment 
Collapsed 
Width 
Thickness 

Absent 

(19) Cortex 
 

0% 

See core cortex description 
1-49% 
50-99% 
100% 
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Appendix A- 9 Impactors 
Impactor type Impactor weight (g) 

Antler 361.6 

Psammite 123.9 

 125.2 

 132.9 

 182.5 

 182.9 

 235.2 

 353.3 

 400.0 

 461.3 

 535.8 

 554.2 

 557.9 

 583.7 

 627.4 

 

 
Appendix A- 10 Weights of blocks/cobbles by material source and technique for Event #1 and #2 
Technique and support     Material Source Weight #1 

(g) 
Weight #2 

(g) 
Bipolar          Beach                244.7 376.5 

 
Metadolerite            290.5 383.7 

 
Psammite             710.9 674.9 

 
Rose Cottage         198.1 621.4 

H.H.D. Elastic   Beach                938.5 1526.5 

 
Chert                540.3 N/A 

 
Metadolerite            1684.3 887.0 

 
Psammite             2585.7 2919.3 

 
Rose Cottage         1675.8 2239.2 

H.H.D. Inelastic Beach                679.1 1370.0 

 
Metadolerite            2501.3 2569.8 

 
Psammite             3000.0 3900.0 

 
Rose Cottage         2984.0 1987.3 

S.H.D. Elastic   Beach                847.0 955.7 

 
Metadolerite            2838.4 2569.5 

 
Psammite             1723.6 1690.6 

 
Rose Cottage         2718.5 2693.3 

S.H.D. Inelastic Beach                845.0 1235.2 

 
Metadolerite            2028.0 2976.8 

Psammite             1891.2 1872.2 

 
Rose Cottage         1709.7 2512.5 
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Appendix A- 11 Fragment classes – Quartz debitage ≥10mm 
(A) Fragment (P) Fragment 

Fragment Class Count % Fragment Class Count % 

Debris                    628 30.3 Debris                   934 45.0 

Complete             133 6.4 Complete             133 6.4 

Distal               115 5.5 Distal               98 4.7 

Distal centre        7 0.3 Distal centre        5 0.2 

Distal left          43 2.1 Distal left          36 1.7 

Distal left missing  6 0.3 Distal left missing  6 0.3 

Distal missing       72 3.5 Distal missing       72 3.5 

Distal missing, left 3 0.1 Distal missing, left 3 0.1 

Distal missing, right 2 0.1 Distal missing, right 2 0.1 

Distal right         41 2.0 Distal right         32 1.5 

Distal right missing 11 0.5 Distal right missing 11 0.5 

‘Fragment’29 55 2.7 - - - 

Lateral left         96 4.6 Lateral left         95 4.6 

Lateral right        82 4.0 Lateral right        82 4.0 

Mesial               147 7.1 Mesial               86 4.1 

Mesial centre        17 0.8 Mesial centre        14 0.7 

Mesial left          41 2.0 Mesial left          27 1.3 

Mesial left missing  6 0.3 Mesial left missing  6 0.3 

Mesial right         32 1.5 Mesial right         26 1.3 

Mesial right missing 7 0.3 Mesial right missing 7 0.3 

Proximal             117 5.6 Proximal             117 5.6 

Proximal centre      36 1.7 Proximal centre      36 1.7 

Proximal left        65 3.1 Proximal left        65 3.1 

Proximal left missing 12 0.6 Proximal left missing 12 0.6 

Proximal missing     37 1.8 Proximal missing     33 1.6 

Proximal missing, left 2 0.1 Proximal missing, left 2 0.1 

Proximal missing, right 3 0.1 Proximal missing, right 3 0.1 

Proximal right       65 3.1 Proximal right       64 3.1 

Proximal right missing 14 0.7 Proximal right missing 14 0.7 

Sequential           179 8.6 Sequential           53 2.6 

Total 2074 100.0 Total 2074 100.0 

 

 

 

 

 

 

 

 

 
                                                           
29 This ‘fragment’ was used a label for artefacts that were clearly fragments but difficult to discern their 
correct placement. These could be considered halfway between a flake fragment and debris and accounted 
for < 3% of the debitage assemblage.  
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Appendix A- 12 Fragment classes grouped – Quartz debitage ≥10mm 
 (A) Fragment group (P) Fragment Group 2 

Fragment class Count % Count % 

Debris 628 30.3 934 45.0 

Complete 133 6.4 133 6.4 

Distal 248 12.0 209 10.1 

Lateral 178 9.6 177 8.5 

Mesial 237 11.4 153 7.4 

Proximal 416 20.1 415 20.0 

Sequential 179 8.6 53 2.6 

‘Fragment’ 55 2.7 - - 

Total 2074 100.0 2074 100.0 

 

 
Appendix A- 13 Break types: longitudinal/transverse. ‘a’ = no break 
Break type Technique and Support 

 Bipolar H.H.D. 
Elastic 

H.H.D. 
Inelastic 

S.H.D. 
Elastic 

S.H.D. 
Inelastic 

Count Count Count Count Count 

Complete 54 15 31 11 22 

?/? - 4 2 1 1 

a/Clean 5 6 3 2 5 

a/Uneven 43 22 47 35 55 

Clean/a - 2 1 - 1 

Clean/Clean - - 1 - 3 

Clean/Uneven - 4 - - 2 

Siret/a 36 30 39 21 11 

Siret/Clean 1 1 2 - 3 

Siret/Uneven 5 44 52 32 21 

Uneven/a 1 8 9 5 5 

Uneven/Clean - 5 - - 1 

Uneven/Uneven 1 58 135 118 117 

Total 146 199 322 225 247 

% % % % % 

Complete 37.0 7.5 9.6 4.9 8.9 

?/? - 2.0 0.6 0.4 0.4 

a/Clean 3.4 3.0 0.9 0.9 2.0 

a/Uneven 29.5 11.1 14.6 15.6 22.3 

Clean/a - 1.0 0.3 - 0.4 

Clean/Clean - - 0.3 - 1.2 

Clean/Uneven - 2.0 - - 0.8 

Siret/a 24.7 15.1 12.1 9.3 4.5 

Siret/Clean 0.7 0.5 0.6 - 1.2 

Siret/Uneven 3.4 22.1 16.1 14.2 8.5 

Uneven/a 0.7 4.0 2.8 2.2 2.0 

Uneven/Clean - 2.5 - - 0.4 

Uneven/Uneven 0.7 29.1 41.9 52.4 47.4 

Total 100.0 100.0 100.0 100.0 100.0 
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Appendix A- 14 Siret proportions. Technique and source 
Technique Source Siret Non-siret Total Siret Non-siret 

Count Count Count % % 

Bipolar Beach 4 15 19 21.05 78.95 

Metadolerite 14 32 46 30.43 69.57 

Psammite 15 28 43 34.88 65.12 

Rose Cottage 9 22 31 29.03 70.97 

Total 42 97 139 30.22 69.78 

H.H.D. Beach 31 70 101 30.69 69.31 

Metadolerite 60 142 202 29.70 70.30 

Psammite 49 118 167 29.34 70.66 

Rose Cottage 35 106 141 24.82 75.18 

Total 175 436 611 28.64 71.36 

S.H.D. Beach 18 66 84 21.43 78.57 

Metadolerite 26 140 166 15.66 84.34 

Psammite 17 95 112 15.18 84.82 

Rose Cottage 28 173 201 13.93 86.07 

Total 89 474 563 15.81 84.19 

Total Beach 53 151 204 25.98 74.02 

Metadolerite 100 314 414 24.15 75.85 

Psammite 81 241 322 25.16 74.84 

Rose Cottage 72 301 373 19.30 80.70 

Total 306 1007 1313 23.31 76.69 
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Appendix A- 15 GZLM parameter estimates. Dependent Variable: Siret/non-siret. Model: 
(Intercept), Technique/Support, Source, Technique/Support * Source. Reference categories: S.H.D. 
Inelastic and R.Q. 
Technique/support  
and source χ² p 

(Intercept) 43.306 0.000 

Bipolar 5.644 0.018 

H.H.D. Elastic 13.285 0.000 

H.H.D. Inelastic 0.911 0.340 

S.H.D. Elastic 1.542 0.214 

S.H.D. Inelastic . . 

Beach 6.370 0.012 

Metadolerite 1.323 0.250 

Psammite 0.815 0.367 

Rose Cottage . . 

Bipolar*Beach 3.603 0.058 

Bipolar*Metadolerite 0.884 0.347 

Bipolar*Psammite 1.051 0.305 

Bipolar*Rose Cottage . . 

H.H.D. Elastic*Beach 7.295 0.007 

H.H.D. Elastic*Metadolerite 0.002 0.964 

H.H.D. Elastic*Psammite 1.165 0.280 

H.H.D. Elastic*Rose Cottage . . 

H.H.D. Inelastic*Beach 0.147 0.701 

H.H.D. Inelastic*Metadolerite 6.326 0.012 

H.H.D. Inelastic*Psammite 2.439 0.118 

H.H.D. Inelastic*Rose Cottage . . 

S.H.D. Elastic*Beach 4.186 0.041 

S.H.D. Elastic*Metadolerite 2.934 0.087 

S.H.D. Elastic*Psammite 3.240 0.072 

S.H.D. Elastic*Rose Cottage . . 
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Appendix A- 16 (A) Class fragments ≥10mm by Technique and Support 
Technique and Support 

(A) Class  Bipolar H.H.D. 
Elastic 

H.H.D. 
Inelastic 

S.H.D. 
Elastic 

S.H.D. 
Inelastic Total 

Debris Count - 121 227 164 116 628 
 % - 30.2% 37.6% 38.1% 26.0% 30.3% 
Complete Count 54 15 31 11 22 133 
 % 28.0% 3.7% 5.1% 2.6% 4.9% 6.3% 
Distal Count 8 36 83 57 64 248 
 % 4.1% 9.0% 13.7% 13.3% 14.3% 12.0% 
Lateral Count 40 39 53 27 19 178 
 % 20.7% 9.7% 8.8% 6.3% 4.3% 8.6% 
Mesial Count 5 26 73 55 78 237 
 % 2.6% 6.5% 12.1% 12.8% 17.5% 11.4% 
Proximal Count 39 84 110 81 102 416 
 % 20.8% 20.9% 18.2% 18.8% 22.9% 20.1% 
Sequential Count - 77 25 32 45 179 
 % - 19.2% 4.1% 7.4% 10.1% 8.6% 
Fragment Count 47 3 2 3 - 55 
 % 24.4% 0.7% 0.3% 0.7% - 2.7% 
Total Count 193 401 604 430 446 2074 

 % 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 

 
Appendix A- 17 (P) Class fragments ≥10mm by Technique and Support 

Technique and Support 

(P) Class  Bipolar H.H.D. 
Elastic 

H.H.D. 
Inelastic 

S.H.D. 
Elastic 

S.H.D. 
Inelastic Total 

Debris Count 47 201 282 205 199 934 
 % 24.4% 50.1% 46.7% 47.7% 44.6% 45.0% 
Complete Count 54 15 31 11 22 133 
 % 28.0% 3.7% 5.1% 2.6% 4.9% 6.4% 
Distal Count 8 26 75 48 52 209 
 % 4.1% 6.5% 12.4% 11.2% 11.7% 10.1% 
Lateral Count 40 38 53 27 19 177 
 % 20.7% 9.5% 8.8% 6.3% 4.3% 8.5% 
Mesial Count 5 20 49 40 39 153 
 % 2.6% 5.0% 8.1% 9.3% 8.7% 7.4% 
Proximal Count 39 84 110 81 101 415 
 % 20.2% 20.9% 18.2% 18.8% 22.6% 20.0% 
Sequential Count - 17 4 18 14 53 
 % - 4.2% 0.7% 4.2% 3.1% 2.6% 
Total Count 193 401 604 430 446 2074 

 % 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
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Appendix A- 18 GZLM. Dependent Variable: Platform collapse. Model: (Intercept), Technique, 
Source, Technique * Source. Reference categories: S.H.D. and R.Q. 
Tests of Model Effects 
  χ² df p 

(Intercept) 165.768 1 0.000 

Technique 0.071 1 0.790 

Source 3.194 3 0.363 

Technique * Source 1.980 3 0.576 

 
Appendix A- 19 GZLM. Dependent Variable: Platform collapse. Model: (Intercept), Support. 
Reference category: Inelastic 
Tests of Model Effects 
 χ² df p 

(Intercept) 163.153 1 0.000 

Support 7.234 1 0.007 

 
Appendix A- 20 GZLM. Excluding siret breaks. Dependent Variable: Platform collapse. Model: 
(Intercept), Support. Reference category: Inelastic 
 χ² df p 

(Intercept) 59.229 1 0.000 

Support 5.032 1 0.025 

 
Appendix A- 21 GZLM. Dependent Variable: Bulb presence. Model: (Intercept), Quartz/chert. 
Reference category: Chert 
Tests of Model Effects 
 χ² df p 

(Intercept) 19.822 1 0.000 

Support 52.334 1 0.000 

 
Appendix A- 22 GZLM. Dependent Variable: Bulb presence. Model: (Intercept), Technique, 
Source, Technique * Source. Reference categories: S.H.D. and R.Q. 
Tests of Model Effects 
 χ² df p 

(Intercept) 218.503 1 0.000 

Technique 0.755 1 0.385 

Source 6.626 3 0.085 

Technique * Source 1.127 3 0.771 
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Appendix A- 23 Means. Complete chert and quartz H.H.D. Elastic flakes 
Quartz Chert Total 

 Mean N Std. 
Deviation Mean N Std. 

Deviation Mean N Std. 
Deviation 

Max Length 30.607 15 12.862 49.909 11 14.941 38.773 26 16.629 

Max Width 30.713 15 12.181 29.836 11 9.351 30.342 26 10.875 

Max Thickness 10.960 15 4.413 9.991 11 3.287 10.550 26 3.933 

Platform Width 21.967 15 10.642 23.882 11 7.736 22.777 26 9.396 

Platform Thickness 7.220 15 3.902 8.991 11 3.463 7.969 26 3.757 

Weight 12.013 15 8.902 15.804 11 9.086 13.617 26 9.002 

Length/Width ratio 1.046 15 0.414 1.758 11 0.518 1.347 26 0.576 

Length/thickness ratio 3.000 15 1.059 5.320 11 1.537 3.982 26 1.715 

 
Appendix A- 24 ANOVA. Complete chert and quartz H.H.D. Elastic flakes 
   Sum of 

Squares df Mean Square F p 

Weight Between Groups 91.203 1 91.203 1.131 0.298 

  Within Groups 1934.866 24 80.619   

  Total 2026.070 25    

Max Length Between Groups 2364.473 1 2364.473 12.477 0.002 

  Within Groups 4548.318 24 189.513   

  Total 6912.791 25    

Max Width Between Groups 4.881 1 4.881 0.040 0.844 

  Within Groups 2951.803 24 122.992   

  Total 2956.683 25    

Max Thickness Between Groups 5.960 1 5.960 0.376 0.546 

  Within Groups 380.685 24 15.862   

  Total 386.645 25    

Platform Width Between Groups 23.276 1 23.276 0.256 0.618 

  Within Groups 2184.010 24 91.000   

  Total 2207.286 25    
Platform  
Thickness Between Groups 19.902 1 19.902 1.434 0.243 

  Within Groups 333.053 24 13.877   

  Total 352.955 25    
Length/Thickness  
ratio Between Groups 34.181 1 34.181 20.855 0.000 

  Within Groups 39.335 24 1.639   

  Total 73.516 25    
Length/Width 
ratio Between Groups 3.217 1 3.217 15.194 0.001 

  Within Groups 5.082 24 .212   

  Total 8.299 25    
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Appendix A- 25 Complete quartz ≥10mm flakes by technique and support 
Technique  
and support  Max 

Length 
Max 

Width 
Max 

Thickness 
Platform 

Width 
Platform 

Thickness Weight 

H.H.D. Elastic Mean 30.607 30.713 10.960 21.967 7.220 12.013 

 N 15 15 15 15 15 15 

 Std. Deviation 12.862 12.181 4.413 10.642 3.902 8.902 

H.H.D. Inelastic Mean 30.829 32.300 11.313 19.523 7.229 23.432 

 N 31 31 31 31 31 31 

 Std. Deviation 16.082 18.453 8.979 13.841 5.698 46.580 

S.H.D. Elastic Mean 46.491 36.655 18.391 23.518 13.218 57.239 

 N 11 11 11 11 11 11 

 Std. Deviation 21.219 20.760 10.536 16.413 7.568 71.406 

S.H.D. Inelastic Mean 34.727 33.559 12.436 19.982 9.805 18.560 

 N 22 22 22 22 22 22 

 Std. Deviation 13.745 13.460 6.204 11.315 7.517 19.075 

Total Mean 34.053 32.956 12.544 20.671 8.779 24.614 

 N 79 79 79 79 79 79 

 Std. Deviation 16.313 16.273 8.063 12.851 6.502 42.331 

 
Appendix A- 26 Complete quartz ≥10mm flakes by material 

Source  Max 
Length 

Max 
Width 

Max 
Thickness 

Platform 
Width 

Platform 
Thickness Weight 

Beach Mean 36.694 30.519 10.688 14.188 5.844 22.730 

 N 16 16 16 16 16 16 

 Std. Deviation 18.781 16.317 7.863 8.180 4.748 32.821 

Metadolerite Mean 36.371 38.653 13.365 19.912 10.541 27.962 

 N 17 17 17 17 17 17 

 Std. Deviation 13.802 11.770 7.947 13.522 7.850 52.725 

Psammite Mean 28.975 28.232 12.439 23.025 9.154 16.804 

 N 28 28 28 28 28 28 

 Std. Deviation 12.747 13.297 8.153 13.013 6.390 25.898 

Rose Cottage Mean 37.417 37.089 13.583 23.489 9.139 35.277 

 N 18 18 18 18 18 18 

 Std. Deviation 20.150 21.817 8.582 14.141 6.296 57.915 

Total Mean 34.053 32.956 12.544 20.671 8.779 24.614 

 N 79 79 79 79 79 79 

 Std. Deviation 16.313 16.273 8.063 12.851 6.502 42.331 
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Appendix A- 27 UNIANOVA. Complete quartz flakes 
Variable F p 

Max Length (LOG) 

Technique/support 2.196 0.097 

Source 1.606 0.197 

Technique/support * Source 0.430 0.914 

Max Width (LOG)  

Technique/support 0.381 0.767 

Source 2.096 0.110 

Technique/support * Source 0.854 0.570 

Max Thickness (LOG)  

Technique/support 2.928 0.040 

Source 0.149 0.930 

Technique/support * Source 0.616 0.779 

Weight (LOG)  

Technique/support 2.137 0.104 

Source 0.787 0.506 

Technique/support * Source 0.363 0.948 

 
Appendix A- 28 UNIANOVA. Quartz flakes with complete platforms 
Variable F p 

Platform Width (LOG) 

Technique/support 0.418 0.740 

Source 1.863 0.138 

Technique/support * Source 0.997 0.444 

Platform Thickness (LOG)  

Technique/support 0.569 0.636 

Source 2.053 0.109 

Technique/support * Source 0.718 0.692 

 
Appendix A- 29 Complete bipolar flakes ≥10mm 
Source  Max 

Length 
Max 

Width 
Max 

Thickness Weight 

Beach N 7 7 7 7 

 Mean 21.500 11.443 5.743 1.499 

 Std. Deviation 5.038 5.011 2.215 1.278 

Metadolerite N 11 11 11 11 

 Mean 21.318 13.464 5.346 2.331 

 Std. Deviation 9.927 4.845 2.315 3.180 

Psammite N 29 29 29 29 

 Mean 17.079 13.279 4.686 0.986 

 Std. Deviation 6.507 5.521 2.548 0.776 

Rose Cottage N 7 7 7 7 

 Mean 22.400 15.214 5.757 2.433 

 Std. Deviation 5.561 6.614 3.053 2.252 

Total N 54 54 54 54 
 Mean 19.206 13.330 5.096 1.514 
 Std. Deviation 7.265 5.410 2.504 1.841 
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Appendix A- 30 ANOVA. Complete quartz bipolar flakes 
    Sum of 

Squares df Mean 
Square F p 

Max Length (LOG) Between Groups 0.163 3 0.054 2.082 0.115 

  Within Groups 1.282 49 0.026   

  Total 1.446 52    

Max Width (LOG) Between Groups 0.039 3 0.013 0.445 0.722 

  Within Groups 1.424 49 0.029   

  Total 1.463 52    

Max Thickness (LOG) Between Groups 0.096 3 0.032 0.746 0.530 

  Within Groups 2.107 49 0.043   

  Total 2.203 52    

Weight (LOG) Between Groups 0.601 3 0.200 1.054 0.377 

  Within Groups 9.315 49 0.190   

  Total 9.916 52    

 

 
Appendix A- 31 Complete flakes - curvature 

Technique 
And support  Curvature group  

  Straight Convex/ 
Concave Total 

Bipolar 
Count 23 31 54 

%  42.6% 57.4% 100.0% 

H.H.D. Elastic 
Count 3 12 15 

%  20.0% 80.0% 100.0% 

H.H.D. Inelastic 
Count 7 24 31 

%  22.6% 77.4% 100.0% 

S.H.D. Elastic 
Count 5 6 11 

%  45.5% 54.5% 100.0% 

S.H.D. Inelastic 
Count 13 9 22 

%  59.1% 40.9% 100.0% 

Total 
Count 59 74 133 

%  44.4% 56.5% 100.0% 
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Appendix A- 32 (A) Type platform debitage ≥10mm 
Source Technique  

and support  A Type 

   Eraillure 
Regular 
platform 

flake 

Irregular 
platform 

flake 
Debris Sliver Total 

Chert H.H.D. Elastic Count 5 15 3 - - 23 

  % 21.7% 65.2% 13.0% - - 100.0% 

Beach H.H.D. Elastic Count - 6 70 12 6 94 

  % - 6.4% 74.5% 12.8% 6.4% 100.0% 

 H.H.D. Inelastic Count - - 34 9 9 52 

  % - - 65.4% 17.3% 17.3% 100.0% 

 S.H.D. Elastic Count - - 34 8 3 45 

  % - - 75.6% 17.8% 6.7% 100.0% 

 S.H.D. Inelastic Count - - 57 14 9 80 

  % - - 71.3% 17.5% 11.3% 100.0% 

 Total Count - 6 195 43 27 271 

  % - 2.2% 72.0% 15.9% 10.0% 100.0% 

Metadolerite H.H.D. Elastic Count - 4 75 15 11 105 

  % - 3.8% 71.4% 14.3% 10.5% 100.0% 

 H.H.D. Inelastic Count - 3 124 60 29 216 

  % - 1.4% 57.4% 27.8% 13.4% 100.0% 

 S.H.D. Elastic Count - 6 81 35 18 140 

  % - 4.3% 57.9% 25.0% 12.9% 100.0% 

 S.H.D. Inelastic Count - 3 89 29 16 137 

  % - 2.2% 65.0% 21.2% 11.7% 100.0% 

 Total Count - 16 369 139 74 598 

  % - 2.7% 61.7% 23.2% 12.4% 100.0% 

Psammite H.H.D. Elastic Count - 8 49 29 15 101 

  % - 7.9% 48.5% 28.7% 14.9% 100.0% 

 H.H.D. Inelastic Count - - 129 16 24 169 

  % - - 76.3% 9.5% 14.2% 100.0% 

 S.H.D. Elastic Count - - 42 28 16 86 

  % - - 48.8% 32.6% 18.6% 100.0% 

 S.H.D. Inelastic Count - - 79 16 12 107 

  % - - 73.8% 15.0% 11.2% 100.0% 

 Total Count - 8 299 89 67 463 

  % - 1.7% 64.6% 19.2% 14.5% 100.0% 

Rose Cottage H.H.D. Elastic Count - 6 62 26 7 101 

  % - 5.9% 61.4% 25.7% 6.9% 100.0% 

 H.H.D. Inelastic Count - - 87 47 33 167 

  % - - 52.1% 28.1% 19.8% 100.0% 

 S.H.D. Elastic Count - 4 99 35 21 159 

  % - 2.5% 62.3% 22.0% 13.2% 100.0% 

 S.H.D. Inelastic Count - 1 101 11 9 122 

  % - .0.8% 82.8% 9.0% 7.4% 100.0% 

 Total Count - 11 349 119 70 549 

  % - 2.0% 63.6% 21.7% 12.8% 100.0% 
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Appendix A- 33 (A) Type quartz platform debitage ≥10mm 
  (A) Type 

Technique 
and support  

Regular  
platform  

flake 

Irregular  
platform  

flake 
Debris Sliver Total 

H.H.D. Elastic Count 24 256 82 39 401 

 % 6.0% 63.8% 20.4% 9.7% 100.0% 

H.H.D. Inelastic Count 3 374 132 95 604 

 % 0.5% 61.9% 21.9% 15.7% 100.0% 

S.H.D. Elastic Count 10 256 106 58 430 

 % 2.3% 59.5% 24.7% 13.5% 100.0% 

S.H.D. Inelastic Count 4 326 70 46 446 

 % 0.9% 73.1% 15.7% 10.3% 100.0% 

Total Count 41 1212 390 238 1881 
 % 2.2% 64.4% 20.7% 12.7% 100.0% 

  
Appendix A- 34 (P) Type quartz debitage ≥10mm 

  P Type  

Technique 
and support  

Regular 
platform 

flake 

Irregular 
platform 

flake 

Irregular 
bipolar 
flake 

Debris Sliver Total 

H.H.D. Elastic Count 20 160 19 141 61 401 

 % 5.0% 39.9% 4.7% 35.2% 15.2% 100.0% 

H.H.D. Inelastic Count 3 310 9 169 113 604 

 % 0.5% 51.3% 1.5% 28.0% 18.7% 100.0% 

S.H.D. Elastic Count 10 205 10 133 72 430 

 % 2.3% 47.7% 2.3% 30.9% 16.7% 100.0% 

S.H.D. Inelastic Count 3 236 8 118 81 446 

 % 0.7% 52.9% 1.8% 26.5% 18.2% 100.0% 

Total Count 36 911 46 561 327 1881 
 % 1.9% 48.4% 2.4% 29.8% 17.4% 100.0% 

 
 

Appendix A- 35 Direct percussion. Debris/sliver proportions by support and source 
Support Source Debris 

<20≥10mm 
Sliver 

<20≥10mm Total Debris 
<20≥10mm 

Sliver 
<20≥10mm 

Count Count Count % % 

Elastic Beach 43 16 59 72.9 27.1 

Metadolerite 66 46 112 58.9 41.1 

Psammite 63 33 96 65.6 34.4 

Rose Cottage 80 38 118 67.8 32.2 

Total 252 133 385 65.5 34.5 

Inelastic Beach 30 19 49 61.2 38.8 

Metadolerite 119 63 182 65.4 34.6 

Psammite 45 48 93 48.4 51.6 

Rose Cottage 78 63 141 55.3 44.7 

Total 272 193 465 58.5 41.5 

 

 

 

 



27 

 

Appendix A- 36 Curvature for selected quartz flakes 
Technique 

and Support Source Curved Straight Total Curved Straight 

  Count Count Count % % 

Bipolar Beach 4 3 7 57.1 42.9 

 Metadolerite 5 8 13 38.5 61.5 

 Psammite 6 12 18 33.3 66.7 

 Rose Cottage 7 4 11 63.6 36.4 

 Total 22 27 49 44.9 55.1 

H.H.D. Elastic Beach 14 7 21 66.7 33.3 

 Metadolerite 14 9 23 60.9 39.1 

 Psammite 21 5 26 80.8 19.2 

 Rose Cottage 16 18 34 47.1 52.9 

 Total 65 39 104 62.5 37.5 

H.H.D. Inelastic Beach 17 5 22 77.3 22.7 

 Metadolerite 34 19 53 64.2 35.8 

 Psammite 34 28 62 54.8 45.2 

 Rose Cottage 31 18 49 63.3 36.7 

 Total 116 70 186 62.4 37.6 

S.H.D. Elastic Beach 7 9 16 43.8 56.3 

 Metadolerite 24 20 44 54.5 45.5 

 Psammite 12 10 22 54.5 45.5 

 Rose Cottage 27 22 49 55.1 44.9 

 Total 70 61 131 53.4 46.6 

S.H.D. Inelastic Beach 19 13 32 59.4 40.6 

 Metadolerite 21 29 50 42.0 58.0 

 Psammite 15 12 27 55.6 44.4 

 Rose Cottage 21 13 34 61.8 38.2 

 Total 76 67 143 53.1 46.9 

 
Appendix A- 37 Cortex proportions for B.Q. flakes 
Technique   Cortex 

0% 1-49% 50-99% 100% Total 0% 1-49% 50-99% 100% 

Count Count Count Count Count % % % % 

Bipolar Complete 2 4 - 1 7 28.57 57.14 - 14.29 

Fragment 7 2 2 1 12 58.33 16.67 16.67 8.33 

Total 9 6 2 2 19 47.37 31.58 10.53 10.53 

H.H.D. Complete 2 3 3 1 9 22.22 33.33 33.33 11.11 

Fragment 31 19 7 9 66 46.97 28.79 10.61 13.64 

Total 33 22 10 10 75 44 29.33 13.33 13.33 

S.H.D. Complete 2 3 2 - 7 28.57 42.86 28.57 - 

Fragment 32 28 10 4 74 43.24 37.84 13.51 5.41 

Total 34 31 12 4 81 41.98 38.27 14.81 4.94 
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Appendix A- 38 Platform core types for 32 direct percussion events 
Dual, opposed Multiplatform Single platform Total Total 

Complete Fragment Complete Fragment Complete Fragment Complete Fragment Complete Fragment 

Count Count Count Count Count Count Count Count  % % 

H.H.D. Elastic Beach - - 3 - - - 3 - 4.8 - 

Metadolerite - - 3 - - - 3 - 4.8 - 

Psammite - - 3 - - - 3 - 4.8 - 

Rose Cottage - - 2 2 - - 2 2 3.2 3.2 

Total - - 11 2 - - 11 2 17.7 3.2 

H.H.D. Inelastic Beach - - 1 - 1 - 2 - 3.2 - 

Metadolerite - - 2 4 - - 2 4 3.2 6.5 

Psammite 2 - 2 - 1 - 5 - 8.1 - 

Rose Cottage - - 3 - - - 3 - 4.8 - 

Total 2 - 8 4 2 - 12 4 19.4 6.5 

S.H.D. Elastic Beach - - 3 - - - 3 - 4.8 - 

Metadolerite - 1 3 1 - 1 3 3 4.8 4.8 

Psammite - - 4 - - - 4 - 6.5 - 

Rose Cottage - - 1 4 - - 1 4 1.6 6.5 

Total - 1 11 5 - 1 11 7 17.7 11.3 

S.H.D. Inelastic Beach - - 4 - - - 4 - 6.5 - 

Metadolerite - - 3 - 1 - 4 - 6.5 - 

Psammite 1 - 4 - - - 5 - 8.1 - 

Rose Cottage - - 2 - - - 2 - 3.2 - 

Total 1 - 13 - 1 - 15 - 24.2 - 

Total 
Sub-total 3 1 43 11 3 1 49 13 79.0 21.0 

Grand total 4 54 4 62 100.0 
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Appendix A- 39 Mean weight - platform cores 
Technique  

and support Material Type Fragment Mean 
Weight (g) 

H.H.D. Elastic Beach Multiplatform Complete 138.52 

 Metadolerite Multiplatform Complete 132.73 

 Psammite Multiplatform Complete 240.67 

 Rose Cottage Multiplatform Complete 172.31 

 Rose Cottage Multiplatform Fragment 106.04 

H.H.D. Inelastic Beach Multiplatform Complete 260.20 

 Beach Single Platform Complete 96.74 

 Metadolerite Multiplatform Complete 102.73 

 Metadolerite Multiplatform Fragment 30.76 

 Psammite Multiplatform Complete 162.19 

 Psammite Single Platform Complete 160.31 

 Psammite Dual opposed Complete 188.82 

 Rose Cottage Multiplatform Complete 226.36 

S.H.D. Elastic Beach Multiplatform Complete 162.15 

 Metadolerite Multiplatform Complete 205.19 

 Metadolerite Multiplatform Fragment 110.42 

 Metadolerite Single Platform Fragment 40.77 

 Metadolerite Opposed Fragment 137.05 

 Psammite Multiplatform Complete 202.29 

 Rose Cottage Multiplatform Complete 146.61 

 Rose Cottage Multiplatform Fragment 162.54 

S.H.D. Inelastic Beach Multiplatform Complete 180.53 

 Metadolerite Multiplatform Complete 145.31 

 Metadolerite Single Platform Complete 144.40 

 Psammite Multiplatform Complete 203.70 

 Psammite Dual Opposed Complete 239.24 

 Rose Cottage Multiplatform Complete 291.73 

 
Appendix A- 40 Bipolar cores – fragment groups and sub-type 
Sub-type  Fragment group 

  Complete Distal Proximal Total 

Bipolar Count 64 4 28 96 

 % 66.7% 4.2% 29.2% 100.0% 
Conical 
piece Count N/A 3 6 9 

 % N/A 33.3% 66.7% 100.0% 

Total Count 64 7 34 105 

 % 61.0% 6.7% 32.4% 100.0% 
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Appendix A- 41 Complete bipolar cores - mean length, width, thickness, weight 
Source  Max Length Max Width Max Thickness Weight 

Beach Mean 27.544 19.519 12.600 7.696 

 N 16 16 16 16 

 Std. Deviation 6.844 3.605 3.403 3.553 

Metadolerite Mean 25.558 18.308 10.483 5.111 

 N 12 12 12 12 

 Std. Deviation 5.418 5.761 1.782 2.738 

Psammite Mean 26.779 18.400 14.025 7.500 

 N 24 24 24 24 

 Std. Deviation 10.780 7.531 4.968 6.825 

Rose Cottage Mean 26.967 21.375 12.325 8.604 

 N 12 12 12 12 

 Std. Deviation 13.931 7.718 4.688 9.090 

Total Mean 26.777 19.220 12.686 7.308 

 N 64 64 64 64 

 Std. Deviation 9.645 6.318 4.218 6.086 

 
 
Appendix A- 42 20 selected artefacts for Quiz B 
Exp2 # Exp1 # Artefact Fragment Break Conjoins

Exp2 # Difficulty 

Bipolar 

1 38-1 Bipolar core Complete - - 1 

7 18-1 Bipolar core Complete - - 1 

15 18-2 Bipolar core Complete - - 1 

27 18-3 Bipolar core Complete - - 1 

3 38-24 Bipolar flake Complete - - 3 

29 18-26 Bipolar flake Complete - - 2 

Platform 

20 7-36 Platform core Complete - - 1 

21 24-81-2 Platform core Fragment - 22,23 3 

22 24-81-3 Platform core Fragment - 21,23 3 

23 24-81-4 Platform core Fragment - 21,22 3 

4 2-36 Platform flake Complete - - 1 

12 11-23-1 Platform flake Complete - - 1 

6 10-45-1 Platform flake Fragment Siret - 1 

8 40-24-2 Platform flake Fragment Uneven - 3 

10 8-13-1 Platform flake Fragment Uneven 11 2 

11 8-13-2 Platform flake Fragment Siret 10 3 

13 10-40 Platform flake Fragment Sequential - 2 

16 12-56-3 Platform flake Fragment Siret 28 1 

18 12-10-2 Platform flake Fragment Uneven - 2 

28 12-56-2 Platform flake Fragment Siret 16 1 
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Appendix A- 43 Sheet provided to participants of Quiz B 

 
 
Appendix A- 44 Incorrect response categories for Piece category 
Quartz 
experience 

Incorrect 
response for Core (%) Debitage (%) Indeterminate 

or Natural (%) 
Core/ 

Debitage (%) 
Possible 
Core (%) 

None Core N/A 50 50 - - 

Student Core N/A 47 50 - 3 

Minor Core N/A 46 52 1 1 

Substantial Core N/A 62 36 - - 

Overall Core N/A 50 48 - 1 

None Debitage 14 N/A 86 - - 

Student Debitage 60 N/A 40 - - 

Minor Debitage 35 N/A 64 - 2 

Substantial Debitage 30 N/A 67 4 - 

Overall Debitage 32 N/A 66 1 1 
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Appendix A- 45 Response rates for core type when correctly identified as a core 
Actual type  

and fragment 
Response Quartz experience (%) 

  None Student Minor Substantial All 

Bipolar, complete Bipolar 17 - 22 22 18 

 Possible bipolar - - 9 13 8 

 Core fragment/Possible 
Core fragment - - 16 4 8 

 Single platform 42 22 28 17 26 

 Multiplatform 17 11 13 9 12 

 Multiplatform or bipolar - - - 4 1 

 Opposed - - 3 - - 

 No response 25 67 9 30 25 

Platform, complete Single platform 13 50 43 27 32 

 Multiplatform 50 25 29 45 38 

 Opposed - - - 9 3 

 No response 38 25 29 18 27 

Platform, fragment Bipolar 13 - 8 43 15 

 Bipolar/ Core Fragment - - 8 - 3 

 Single platform 25 29 33 - 24 

 Multiplatform 25 43 25 14 26 

 No response 38 29 25 43 32 

 
Appendix A- 46 Responses for debitage type, including piece category of Indeterminate/natural 

Debitage 
type and 
fragment 

Quartz 
experience 

Flake 
(%) 

Possible 
flake (%) 

Debris 
(%) 

Flake/ 
Debris 

(%) 

Possible 
blade/ 
debris 

(%) 

Core/ 
Debitage 

(%) 
Core 
(%) 

Possible 
Core (%) 

Indeterminate/ 
Natural (%) 

Flake, None 68 - 14 - - - - - 18 
Bipolar, Student 86 - 14 - - - - - - 
Complete Minor 75 3 8 - 3 - - - 11 
 Substantial 91 - 5 5 - - - - - 
 Total 79 1 10 1 1 - - - 9 
Flake, None 46 - 5 - - - 14 - 36 
Platform, Student 43 - - - - - 21 - 36 
Complete Minor 42 - 6 - - - 28 3 22 
 Substantial 59 - - - - - 14 - 27 
 Total 47 - 3 - - - 20 1 29 
Flake, None 65 - 7 - - - - - 28 
Platform, Student 64 - 14 - - - 5 - 16 
Fragment Minor 65 1 7 - - - 5 - 24 

 Substantial 72 - 6 - - 1 1 1 19 
 Total 66 - 8 - - - 3 - 23 

 
Appendix A- 47 Responses for flake sub-type when Type were correct 

Flake 
sub-type 

Quartz 
Experience Bipolar (%) Possible 

Bipolar (%) 
Platform, 

Regular/ Irregular (%) Blank (%) 

Bipolar None - - 27 73 
 Student - - 33 67 
 Minor 7 4 33 56 
 Substantial 5 5 40 50 
 Total 4 3 34 59 

Platform, None 3 - 22 75 
Regular/ Student 2 - 33 64 
Irregular Minor 5 2 33 60 

 Substantial 7 - 29 64 
 Total 4 1 30 65 
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Appendix A- 48 Quiz A Belderrig  
Summary results for Quiz A Belderrig 

The results of the Belderrig quiz will only be given summarily due the reasons outlined above (see p.-

). 12 members of the Belderrig quartz scatter excavation team, volunteered to participate in the quiz. Two 

undergraduate students, however, did not complete the quiz – one because of lack of experience (he gave 

up half way through) and one because he was called to do something else during the quiz, and was unable 

to finish it at a later stage either. Therefore, ten participants completed the quiz. As two of the 

undergraduates did not complete the quiz, only one undergraduate participated. At the beginning of the 

quiz, the participants were asked to give details of their archaeological education, current position and 

archaeological, lithic, and quartz experience (see Appendix A- 43). The ten participants’ current position 

and lithic experience is listed in Table 1.  

 

Current position Lithic experience Total 

 Student Minor Substantial  

PhD Student 2 1 1 4 

Undergraduate student 1 - - 1 

Researcher - 1 2 3 

Lecturer - - 2 2 

Total 3 2 5 10 

Table 1 Participants’ current position and lithic experience 
 

Table 2 gives a consensus assemblage which was formulated in a similar manner as Table 7-16 for 

Quiz B (see above p.-). This table highlights that the bipolar component of the experimental assemblage 

is not apparent, and the category of ‘debris’ is much more common than the consensus assemblages from 

Quiz B, and conversely the ‘natural/indeterminate’ categories are less frequent. The lack of the bipolar 

component is similar to the consensus assemblage of Quiz B and the possible reasons for the higher 

amount of ‘debris’ and lower amount of ‘natural/indeterminate’ were discussed previously. 

 
Experimental Count Student Quartz Experience Count Minor Quartz Experience Count 
Flake, Regular 10 Flake/Blade, R/Ir 6 Flake/Blade, R/Ir 10 
Flake, Bipolar 2  -  - 
  Flake/Blade, R/Ir/ Possible Bipolar 2   
    Flake/Blade, R/Ir/Bipolar 1 
  Flake/Blade, Bipolar/ Debris 2   
  Flake/Blade, R/Ir/ Debris 1   
  Debris 1 Debris 6 
Core, Multi. 4 Core, M/S/Op 5  - 
Core, Bipolar 4  -  - 
  Core, M/S/Op/ Debris 2 Core, M/S/Op/ Debris 1 
  Core, Bipolar/ Debris 1   
    Core, Bipolar/ Core, M/S/Op 1 
    Core, M/S/Op/ Flake/Blade, R/Ir 1 
Table 2 Experimental assemblage and two consensus assemblages 
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Appendix A- 49 Burnt quartz report 
 

Petrographic comparison of burnt and unburnt quartz from Belderrig, Co. Mayo 

 
1. Introduction 

 

Six samples of vein quartz were provided by Mr Killian Driscoll in June 2009. The samples are 

representative of larger collections of experimentally knapped quartz derived from samples collected 

from outcrop at three localities at Belderrig, Co. Mayo. The six samples studied derive from three blocks 

of vein quartz, comprising of three unburnt samples and three that had been burnt in a fire. The six 

samples studied comprise three unburnt samples and three from the same localities that had been burnt in 

a fire. These two sets of samples are referred to hereafter as unburnt and burnt, respectively. The samples 

have been numbered for reference in this report as shown in Table : 

 

Number Locality Treatment Approximate sample weight (g) 
1 Rose Cottage Unburnt 80 
2 Rose Cottage Burnt 20 
3 Psammite Unburnt 30 
4 Psammite Burnt 30 
5 Metadolerite Unburnt 80 
6 Metadolerite Burnt 40 

Table 1 List of samples 
 
Geologically, all samples are from hydrothermal veins, that is to say they crystallized from hot brine 

in fractures opened up in the rocks which now enclose the veins. 

 

The burnt samples were heated rapidly by placing in a pine wood fire started one hour previously. 

They were left in the fire for about two hours as the fire burnt away and were then removed by hand, 

having become cool enough to handle. The maximum temperature reached by the quartz samples will 

have been at the beginning of the two hours spent in the fire. This temperature was not measured but can 

be estimated to be at least 500 °C (Urbas and Parker, 1993). 

 

2. Hand specimen examination 

 

Samples were examined with the naked eye and with a hand lens. All unburnt samples are translucent 

and consist of massive crystals with grain sizes of a few millimetres (up to a few centimetres in sample 

5). The burnt samples in every case are more opaque than the unburnt equivalents. There is a higher 

density of visible fractures in the burnt samples compared to the equivalent unburnt samples. Where 

traces of the rock enclosing the quartz are included with the sample (psammite and metadolerite 

localities), the burnt host rock has a more reddish brown colour compared to the more greenish brown of 

unburnt host rocks. There are no obvious textural differences between the quartz in the burnt samples 

compared to their unburnt equivalents. 
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3. Thin section examination 

 

Standard petrological thin sections 0.03 mm thick with cover slips were made of each sample. Thin 

sections were examined using a transmitted light petrological microscope, both in plane polarised light 

and between crossed polars, at total magnifications of 20 to 500. 

 

All samples consisted of >99% quartz. Other minerals present have not been identified but in all 

cases are present only as isolated grains <0.05 mm diameter. The edges of the veins contain occasional 

fragments of the surrounding rocks, but these regions have not been studied. Some of the more significant 

textural features observed in thin section are summarised in Table 2. The three types of difference 

observed between burnt and unburnt samples are described in sections 3.1 – 3.3.  

 

3.1 Fluid inclusions 

The most consistent difference concerns fluid inclusions (Roedder 1984). These range from tens of 

μm in size down to the limit of resolution of the microscope (about 1 μm). Fluid inclusions form when 

the quartz crystals grow from hydrothermal fluid and represent small samples of that fluid. On cooling 

they usually separate into a liquid and a bubble of vapour, as is seen in all three samples studied. In the 

unburnt samples, many fluid inclusions are intact and can be recognised by the presence of a darker, 

rounded vapour bubble within an otherwise liquid inclusion (Figs. 1 a, b). In the burnt samples, no fluid 

inclusions above about 5 μm have retained their fluid contents and all are gas filled. In some cases, empty 

fluid inclusions are surrounded by fluid escape structures (Figs. 1 c, d). The loss of fluid contents, called 

decrepitation, is a predictable consequence of burning in a wood fire. This is because the pressure 

generated by the fluid will have considerably exceeded that prevailing at the lower temperature conditions 

of hydrothermal quartz growth. Decrepitation will also be favoured by fractures formed during heating. 

Decrepitation of fluid inclusions is likely to be a general feature of hydothermal quartz exposed to a wood 

fires because almost all hydrothermal quartz crystallizes at temperatures below 500 °C. 

 
Number & 
treatment 

Grain size  
(mm) Fluid inclusions Fractures Sub-grain textures 

1 Unburnt 2 - 10 
Two phase (liquid + 
vapour bubble) and 
empty 

No macroscopic fractures; few 
microfractures 

Sub-grain boundaries; 
undulose, and sometimes 
lamellar, extinction 

2 Burnt 2 - 10 Empty only 

Few macroscopic fractures; 
abundant microfractures in most 
crystals, with orientations varying 
between crystals 

Sub-grain boundaries; 
undulose extinction 

3 Unburnt 1 - 8 
Two phase (liquid + 
vapour bubble) and 
empty 

No macroscopic fractures; abundant 
microfractures in many crystals 

Sub-grain boundaries; 
undulose, and sometimes 
lamellar, extinction 

4 Burnt 1 - 8 
Empty only, with 
fluid escape 
structures 

Few macroscopic fractures; 
abundant microfractures in most 
crystals, with orientations varying 
between crystals 

Sub-grain boundaries; 
undulose extinction 

5 Unburnt 4 - >30 
Two phase (liquid + 
vapour bubble) and 
empty 

No macroscopic fractures; few 
microfractures 

Sub-grain boundaries; 
undulose, and common 
lamellar, extinction 

6 Burnt 4 - >30 
Empty only, with 
fluid escape 
structures 

No macroscopic fractures; abundant 
microfractures in most crystals, with 
identical orientations across sub-
grain boundaries 

Sub-grain boundaries; 
undulose extinction 

Table 2 Features observed by thin section examination 
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Figure 1. Appearance of fluid inclusions before (a, b) and after (c, d) exposure to fire. All 
photographs taken in plane polarized light with a horizontal field of view of 145 μm.

 
Fig. 1(a) Sample 3 (unburnt); many fluid 
inclusions contain liquid plus vapour bubble 

 

 
Fig. 1(c) Sample 4 (burnt); all fluid inclusions 
empty, some surrounded by fluid escape 
structures (just above centre) 

 
Fig. 1(b) Sample 5 (unburnt); many fluid 
inclusions contain liquid plus vapour bubble 

 

 
Fig. 1(d) Sample 6 (burnt); all fluid inclusions 
empty, some with adjacent fluid escape 
structures (bottom left) 

 

3.2 Fractures 

All three samples show an increase in either macroscopic (visible to the naked eye), or microscopic 

fractures or both. In burnt samples, microfractures have developed in one or more orientations within a 

given crystal and they differ in abundance and in orientation from one crystal to another. They tend to 

have a characteristic length of  50-100 μm and appear not to be interconnected. Macroscopic fractures in 

burnt samples have developed along quartz grain boundaries and/or within crystals. They have a spacing 

and length of millimetres to centimetres. 

 

3.3 Sub-grain boundaries and undulose extinction 

Between crossed polars, all three unburnt samples exhibit sub-grain boundaries, common patchy, 

undulose extinction; on a much smaller scale a repeating lamellar undulose extinction pattern is exhibited 

by some crystals in all three samples (Fig. 3). These features indicate discontinuities (sub-grain 

boundaries) and continuous spatial variation (undulose extinction) in the atomic structure of the crystal. 

They all probably reflect geological stress to which the crystals have been subjected since they formed.  
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Comparison of the burnt with the corresponding unburnt samples reveals that undulose extinction and 

most sub-grain boundaries are little affected, if at all, by heating. However the lamellar structures are 

absent in the burnt samples. The reason for the loss of the lamellar structures is unknown but might 

reflect the release of strain in the crystals during heating. 

 

4. Implications of observations for properties of heated quartz 

 

Both fluid inclusion decrepitation and fracture development may affect knapping behaviour and hand 

specimen transparency. The removal of lamellar undulose extinction is unlikely to affect either property 

because no new weaknesses are created in crystals. 

 

4.1 Knapping behaviour 

Macroscopic fractures, with a spacing of millimetres to centimetres, run entirely through samples or 

through much of the sample. Burnt samples will therefore break readily along macrofractures when the 

quartz is knapped.  

 

Microfractures are unlikely to affect the relative resistance to knapping in different directions because 

whilst fractures develop in preferred orientations in each crystal, their orientations differ from crystal to 

crystal. The overall strength reduction may be modest because microfractures are not interconnected. 

However sample 6 may be an exception because it includes crystals large enough to be individually 

knapped. Individual burnt crystals from sample 6 may break more easily during knapping than in its 

unburnt equivalent (sample 5) along the preferred microfracture directions.  

 

4.2 Reduced transparency 

The reduced transparency of quartz in hand specimen after heating in a fire may be due to two 

factors: decrepitation of fluid inclusions and formation of microfractures. After decrepitation, fluid 

inclusions contain residual vapour from the inclusion and/or air, but no liquid. The loss of liquid increases 

the refraction of light passing between quartz crystal and the inclusion and so decrepitated inclusions 

block more light than those which are mainly liquid filled. The difference in light transmission can be 

appreciated by comparing intact inclusions (Fig. 1a,b) with decrepitated inclusions (Fig. 1c,d). 

Microfractures can also reduce the transmission of light in a similar way to inclusions, by refraction of 

light when it crosses a fracture. Whilst light can also travel along fractures so that they appear bright in 

thin section (Fig. 2b), the overall effect of many microfractures in many orientations in a hand sample 

should be to reduce light transmission. Whether microfacturing or fluid inclusion decrepitation is the 

main cause of increasing opacity in the samples studied remains uncertain. 
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Fig. 2. Fractures in unburnt and burnt quartz samples. Both are photographed between crossed 
polars and have a horizontal field of view of 1220 μm.

 
Fig. 2(a) Sample 1 (unburnt), with no 
macroscopic fractures and almost no visible 
microfractures in each of two crystals. 
 

 

 

 
Fig. 2(b) Sample 2 (burnt), showing 
macroscopic fractures running through and 
around crystals. Microscopic fractures (pale, 
short lines) occur in both crystals, with 
different fracture orientations in each. 

Fig. 3. Types of undulose extinction in unheated quartz, sample 5, crossed polars. 

 
Fig. 3(a) Sub-grain boundaries run from left 
to right and divide the crystal into sub-grains 
about a millimetre wide with slightly 
different crystallographic orientations. 
Horizontal field of view is 6150 μm. 
 
 
 

 
Fig. 3(b) Detail within one sub-grain of Fig. 
3(a) showing patchy undulose extinction at 
top left and fine repeated lamellar undulose 
extinction most clearly at bottom left. 
Horizontal field of view is 1220 μm
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Appendix A- 50 C14 Dates from Belderrig (Warren 2009a pers. comm.) 

 
 

Code Description Material Trench Context 

UB-7586 Underneath Stony Layers, with fishbone Corylus (hazel) shell fragment Cliff 205 

UBA-10267 Pit fill, under stony layers Corylus (hazel) shell fragment 1 173 

UBA-10266 Pit fill, under stony layers Pomoideae 1 173 

UB-6882 Under Stony Layers Corylus (hazel) shell fragment Cliff 203 

UB-7585 Under Stony Layers Corylus (hazel) shell fragment Cliff 203 

UB-7583 Top of OLS? Corylus (hazel) shell fragment 1 121 

UB-7589 Underneath Stony Layers, with fishbone Corylus (hazel) shell fragment 3 304 

UB-7584 Base of stony layers Corylus (hazel) shell fragment 1 135 

UB-7588 Irregular stone surface, set in peat Corylus (hazel) shell fragment 3 303 

UB-7587 Metalled stone surface Corylus (hazel) shell fragment 3 302 

UB-7590 Fire setting Corylus (hazel)  charcoal, twig 1 115 

UBA-7591 Fire setting Betula (birch) charcoal, twig 1 115 

UB-7591 Burning in hearth Betula (birch) charcoal, twig 1 115 

UBA-10265 Charcoal spread Pomoideae 1 165 

UBA-10269 Fill of very truncated pit Quercus (<32yr old) 1 198 

UBA-10268 Fire setting Quercus (<32yr old) 1 181 
 

Atmospheric data from Reimer et al (2004);OxCal v3.10 Bronk Ramsey (2005); cub r:5 sd:12 prob usp[chron]

6000CalBC 5000CalBC 4000CalBC 3000CalBC 2000CalB
Calibrated date

UB-7586  5845±39BP

UBA-10267  5736±30BP

UBA-10266  5722±28BP

UB-6882  5631±39BP

UB-7585  5545±40BP

UB-7583  5433±39BP

UB-7589  5380±38BP

UB-7584  5362±38BP

UB-7588  5201±37BP

UB-7587  5255±36BP

UB-7590  4780±36BP

UBA-7591  4732±30BP

UB-7591  4717±37BP

UBA-10265  4324±30BP

UBA-10269  4191±36BP

UBA-10268  4031±27BP
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Appendix A- 51 Céide fields pollen diagram (O'Connell and Molloy 2001, 107) 

 
 
 
 
 
 
Appendix A- 52 Mix-up in cleaning BDG TR2 artefacts 

BDG05: trench 2: Mix-Up in cleaning artefacts 

GW May 27th 2009 

An error in the processing of lithics in July 2007 resulted in the loss of some spatial information.  The following 

contexts and squares are affected.  

 

C.200: all spatial information is lost. 

C.202: Sq 1A – 1H: now combined, but we know that this material comes from Row 1 

C.202: Sq 5a – 5H: now combined, but we know that this material comes from Row 5 

C.205: Sq 4a,b,c,e,f: now combined, but we know Row 4 

 

Some spatial information for individual large artefacts may be recreated through unique find spots that were 3D’d into 

place, but this will not resolve the problem for other pieces. 
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Appendix A- 53 BDG vein quartz artefacts: cortex proportions by context 

Context Cortex Total 

0% 1-49% 50-99% 100% Total 

202 554 35 8 3 600 

203 group 1513 103 65 14 1695 

205 79 4 4 1 88 

206 1179 21 26 10 1236 

215 81 3 3 2 89 
Total 3406 166 106 30 3708 

% % % % % 

202 92.3 5.8 1.3 0.5 100.0 

203 group 89.3 6.1 3.8 0.8 100.0 

205 89.8 4.6 4.6 1.1 100.0 

206 95.4 1.7 2.1 0.8 100.0 

215 91.0 3.4 3.4 2.3 100.0 

Total 91.9 4.5 2.9 0.8 100.0 
 
Appendix A- 54 BDG vein quartz core types by context, excluding possible cores 
Core type Context Total 

 202 202 206 206 203 
group 

203 
group 205 215 Total Total Total 

Comp Frag Comp Frag Comp Frag Comp Comp Comp Frag All 
Multiplatform 5 1 2 1 18 2 2 - 27 4 31 
Dual, opposed - - - - 2 - - 1 3 - 3 
Single platform 2 - - - 5 2 1 - 8 2 10 
Bipolar 2 2 - 2 - 2 - - 2 6 8 
Radially split - - - - - 1 - - - 1 1 
Conical piece - - - 1 - 1 - - - 2 2 
Total 9 3 2 4 25 8 3 1 40 15 55 

% % % % % % % % % % % 
Multiplatform 55.6 33.3 100.0 25.0 72.0 25.0 66.7 - 67.5 26.7 56.6 
Dual, opposed - - - - 8.0 - - 100.0 7.5 - 5.5 
Single platform 22.2 - - - 20.0 25.0 33.3 - 20.0 13.3 18.2 
Bipolar 22.2 66.7 - 50.0 - 25.0 - - 5.0 40.0 14.5 
Radially split - - - - - 12.5 - - - 6.7 1.8 
Conical piece - - - 25.0 - 12.5 - - - 13.3 3.6 
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Appendix A- 55 BDG vein quartz flakes: bulb, platform, termination, curvature 

 202 205 206 215 203 
group Total 202 205 206 215 203  

group Total 

Count % 
Bulb 

Absent 152 27 292 16 558 1045 99.4 96.4 97.7 100.0 98.2 98.2 

Present 1 1 7 - 10 19 0.7 3.6 2.3 - 1.8 1.8 

Total 153 28 299 16 568 1064 100.0 100.0 100.0 100.0 100.0 100.0 

Platform 

Complete 66 10 125 8 248 457 37.3 27.0 35.7 50.0 41.1 38.6 

Fragment 111 27 225 8 355 726 62.7 73.0 64.3 50.0 58.9 61.4 

Total 177 37 350 16 603 1183 100.0 100.0 100.0 100.0 100.0 100.0 

Platform type 

Fragment 68 10 149 7 263 497 38.4 27.0 42.6 43.8 43.6 42.0 

Collapsed 43 17 76 1 92 229 24.3 45.9 21.7 6.3 15.3 19.4 

Flat 66 10 125 8 243 452 37.3 27.0 35.7 50.0 40.3 38.2 

Rounded - - - - 5 5 - - - - 0.8 0.4 

Total 177 37 350 16 603 1183 100.0 100.0 100.0 100.0 100.0 100.0 

Termination 

Feather 122 20 260 18 417 837 89.7 80.0 87.5 90.0 77.0 82.0 

Fragmented 1 - - - - 1 0.7 - - - - 0.1 

Irregular 8 3 19 1 45 76 5.9 12.0 6.4 5.0 8.3 7.4 

Plunging 2 1 12 1 47 63 1.5 4.0 4.1 5.0 8.7 6.2 
Retouch/ 
wrmrk 2 - 1 - 4 7 1.5 - 0.3 - 0.7 0.7 

Step 1 1 5 - 30 37 0.7 4.0 1.7 - 5.5 3.6 

Total 136 25 297 20 543 1021 100.0 100.0 100.0 100.0 100.0 100.0 
Curvature flakes  
≥20mm Length             
Concave 13 1 24 1 31 70 9.3 3.5 9.1 4.8 7.1 7.9 

Convex 83 21 175 11 230 520 59.3 72.4 66.5 52.4 52.8 58.5 

Straight 44 7 64 9 175 299 31.4 24.1 24.3 42.9 40.1 33.6 

Total 140 29 263 21 436 889 100.0 100.0 100.0 100.0 100.0 100.0 
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Appendix A- 56 BDG vein quartz diagnostic types by context 
Diagnostic type  Delineation  Angle Context 

202 205 206 203 group Total 

Borer Convex Abrupt - - - 1 1 

Butt trimmed flake Rectilinear Abrupt - - - 1 1 

Point/Notched Convex Abrupt 1 - - - 1 

Retouch/wear mark Concave Abrupt - - - 1 1 

Semi-abrupt - - - 2 2 

Convex Abrupt 1 - 1 3 5 

Low - - - 1 1 

Semi-abrupt - 1 - 2 3 

Irregular Abrupt 1 - - 1 2 

Semi-abrupt 1 - 2 - 3 

Rectilinear Abrupt - 1 - 5 6 

Low - - - 1 1 

Semi-abrupt - - 2 1 3 

Total 4 2 5 19 30 

Possible retouch/wear mark Concave Abrupt - - 1 2 3 

Semi-abrupt - - 1 - 1 

Convex Abrupt - - - 5 5 

Low - - - 1 1 

Semi-abrupt - - 3 2 5 

Irregular Abrupt - - - 2 2 

Semi-abrupt 2 - 1 - 3 

Rectilinear Abrupt - - 1 1 2 

Semi-abrupt - - - 1 1 

Total 2 - 7 14 23 

Grand total 6 2 12 33 53 
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Appendix A- 57 BDG. Mean Weight, Length, Width, Thickness: retouched, possible retouched, and 
non-retouched vein quartz artefacts 
Type   Weight Max Length Max Width Max Thickness 
Non-retouch/wear mark debitage Mean 7.29 21.87 19.46 9.24 
(excluding <20mm debris) N 2163 2163 2163 2163 

Std. Deviation 15.91 11.58 9.86 5.63 
Borer Mean 10.97 39.9 35.1 10.8 

N 1 1 1 1 
Std. Deviation . . . . 

Butt trimmed flake Mean 8.93 28.4 25.8 10.8 
N 1 1 1 1 
Std. Deviation . . . . 

Point/Notched Mean 50.48 68.4 33 22.8 
N 1 1 1 1 
Std. Deviation . . . . 

Possible retouch/wear mark Mean 9.32 28.6 23.98 10.48 
N 22 22 22 22 
Std. Deviation 11.17 9.85 12.35 5.08 

Retouch/wear mark Mean 23.67 37.03 29.31 14.61 
N 28 28 28 28 
Std. Deviation 30.34 17.9 14.48 8.31 

Total Mean 7.54 22.16 19.64 9.33 
N 2216 2216 2216 2216 
Std. Deviation 16.24 11.84 10.02 5.70 

 
Appendix A- 58 BDG. GLM. Retouched, possible retouched, and non-retouched vein quartz 
artefacts 
Dependent Variable Type III  

Sum of Squares df Mean Square F p 

Weight (LOG) 11.234 2 5.617 15.883 0.000 

Max Length (LOG) 1.804 2 0.902 20.414 0.000 

Max Width (LOG) 0.995 2 0.497 12.763 0.000 

Max Thickness (LOG) 1.182 2 0.591 9.838 0.000 
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Appendix A- 59 BDG. Post hoc test for GLM. Retouched, possible retouched, and non-retouched 
vein quartz artefacts 

Post hoc test: Bonferroni 

Dependent Variable (I) Diagnostic type (J) Diagnostic type p 

Weight (LOG) Retouch/wear mark Possible ret/wear mark 0.217 

Non-retouch 0.000 

Non-retouch Possible ret/wear mark 0.078 

Retouch/wear mark 0.000 

Max Length (LOG) Retouch/wear mark Possible ret/wear mark 0.675 

Non-retouch 0.000 

Non-retouch Possible ret/wear mark 0.003 

Retouch/wear mark 0.000 

Max Width (LOG) Retouch/wear mark Possible ret/wear mark 0.359 

Non-retouch 0.000 

Non-retouch Possible ret/wear mark 0.122 

Retouch/wear mark 0.000 

Max Thickness (LOG) Retouch/wear mark Possible ret/wear mark 0.382 

Non-retouch 0.000 

Non-retouch Possible ret/wear mark 0.301 

Retouch/wear mark 0.000 

 
Appendix A- 60 BDG. Mean Weight, Length, Width, Thickness: retouched and non-retouched vein 
quartz artefacts max. length ≥20mm 
Type Max. L ≥20mm   Weight Max Length Max Width Max Thickness 

Non-retouch/wear mark debitage Mean 13.82 30.92 24.43 12.66 

N 1018 1018 1018 1018 

Std. Deviation 21.33 10.84 11.28 5.99 

Possible retouch/wear mark Mean 10.07 29.74 24.37 10.92 

N 20 20 20 20 

Std. Deviation 11.45 9.58 12.90 5.12 

Retouch/wear mark Mean 28.55 42.33 32.17 16.60 

N 23 23 23 23 

Std. Deviation 31.46 15.01 14.01 7.80 

Total Mean 14.06 31.14 24.60 12.71 

N 1061 1061 1061 1061 

Std. Deviation 21.55 11.04 11.42 6.05 

 
Appendix A- 61 BDG. GLM. Retouched, possible retouched, and non-retouched vein quartz 
artefacts max. length ≥20mm 
Dependent Variable Type III 

Sum of Squares df Mean Square F p 

Weight (LOG) 3.472 2 1.736 8.002 0.000 

Max Length (LOG) 0.401 2 0.201 11.809 0.000 

Max Width (LOG) 0.377 2 0.189 5.164 0.006 

Max Thickness (LOG) 0.352 2 0.176 4.458 0.012 
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Appendix A- 62 BDG. Post hoc test for GLM. Retouch/wear mark, possible retouch/wear mark, 
and non-retouched vein quartz artefacts max. length ≥20mm 

Post hoc test: Bonferroni 

Dependent Variable (I) Diagnostic type (J) Diagnostic type p 

Weight (LOG) Retouch/wear mark Possible ret/wear mark 0.002 

Non-retouch 0.000 

Non-retouch Possible ret/wear mark 0.772 

Retouch/wear mark 0.000 

Max Length (LOG) Retouch/wear mark Possible ret/wear mark 0.001 

Non-retouch 0.000 

Non-retouch Possible ret/wear mark 1.000 

Retouch/wear mark 0.000 

Max Width (LOG) Retouch/wear mark Possible ret/wear mark 0.045 

Non-retouch 0.004 

Non-retouch Possible ret/wear mark 1.000 

Retouch/wear mark 0.004 

Max Thickness (LOG) Retouch/wear mark Possible ret/wear mark 0.017 

Non-retouch 0.021 

Non-retouch Possible ret/wear mark 0.657 

Retouch/wear mark 0.021 

 
 
Appendix A- 63 BDG. ANOVA. Retouch/wear mark and possible retouch/wear mark  grouped and 
non-retouched vein quartz artefacts max. length ≥20mm 

  Sum of Squares df Mean Square F p 

Weight (LOG) Between Groups 0.865 1 0.865 3.947 0.047 

Within Groups 232.131 1059 0.219 

Total 232.996 1060 

Max Length (LOG) Between Groups 0.174 1 0.174 10.117 0.002 

Within Groups 18.196 1059 0.017 

Total 18.370 1060 

Max Width (LOG) Between Groups 0.160 1 0.160 4.370 0.037 

Within Groups 38.850 1059 0.037 

Total 39.011 1060 

Max Thickness (LOG) Between Groups 0.050 1 0.050 1.252 0.264 

Within Groups 42.104 1059 0.040 

Total 42.154 1060 
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Appendix A- 64 BDG vein quartz flake fragments. Mean weight, length, width, and thickness 
Fragment  
group Context  Weight Max Length Max Width Max Thickness 

  N Mean Std.  
Deviation Mean Std.  

Deviation Mean Std.  
Deviation Mean Std. 

Deviation 
Proximal 202 57 7.01 11.88 20.70 9.06 20.50 9.43 9.72 4.89 

203 group 185 4.53 7.70 18.03 8.88 18.57 8.98 8.66 4.56 

205 18 3.88 4.25 18.14 6.12 18.38 7.37 8.91 3.84 
206 180 4.34 7.55 17.93 8.34 17.63 7.30 8.82 4.27 

215 6 8.02 9.81 26.38 12.27 18.70 9.42 9.87 6.11 

Total 446 4.79 8.24 18.45 8.70 18.43 8.36 8.89 4.48 
Distal 202 63 3.01 10.12 13.71 7.56 16.92 9.04 5.66 3.42 

203 group 178 2.45 6.20 15.36 6.64 16.25 7.96 6.07 3.66 

205 10 2.34 2.04 18.54 9.04 18.87 6.65 6.23 1.91 
206 179 2.47 5.91 15.40 7.05 16.52 7.30 6.31 3.73 

215 13 4.52 8.41 19.60 9.97 19.99 9.87 6.97 3.42 

Total 443 2.59 6.78 15.34 7.16 16.62 7.90 6.14 3.62 
Mesial 202 48 8.98 21.57 22.25 14.04 21.15 12.16 8.56 4.94 

203 group 106 3.75 11.41 16.29 7.53 18.35 8.86 6.74 3.98 

205 9 7.09 14.95 19.01 12.87 19.97 11.09 7.41 5.49 
206 153 3.05 4.46 17.34 8.06 16.68 6.62 7.05 3.58 

215 3 3.61 4.96 15.77 5.85 21.53 9.67 7.00 5.99 

Total 319 4.29 11.46 17.76 9.34 18.05 8.66 7.18 4.04 
Lateral 202 34 8.83 11.45 25.93 10.75 19.91 9.74 10.35 5.26 

203 group 132 6.16 9.70 25.23 11.97 17.37 7.77 9.01 5.34 

205 2 0.45 0.21 12.40 2.97 9.30 1.27 4.25 0.92 
206 35 6.88 8.95 25.35 10.56 17.84 8.03 9.82 4.71 

215 3 2.94 1.35 26.33 3.84 15.77 3.89 8.33 0.23 

Total 206 6.62 9.80 25.26 11.42 17.77 8.14 9.32 5.18 
Distal  202 53 19.00 24.14 32.37 17.18 27.11 11.07 13.64 6.08 

missing 203 group 157 11.87 18.34 28.32 13.72 24.01 12.05 11.09 6.29 

205 12 10.46 11.02 27.20 10.47 22.21 9.31 12.55 6.48 
206 74 13.22 22.30 27.22 11.10 24.74 13.56 11.60 6.63 

215 5 18.06 33.72 26.68 10.00 26.44 15.91 10.74 10.73 

Total 301 13.51 20.59 28.69 13.69 24.70 12.23 11.72 6.46 
Proximal  202 21 17.68 42.77 28.55 14.81 22.47 13.49 12.20 9.42 

missing 203 group 131 16.36 29.39 32.07 14.98 24.98 12.58 11.97 6.96 

205 7 10.67 10.34 30.80 12.16 19.07 5.54 12.46 7.05 
206 47 6.39 6.14 26.76 9.62 19.41 8.63 10.09 4.15 

215 3 8.21 10.23 25.37 4.41 20.30 15.52 10.47 5.78 

Total 209 13.94 27.33 30.38 13.85 23.21 11.92 11.56 6.71 
Mesial  202 4 16.30 10.81 34.53 11.58 28.78 7.54 12.80 4.79 

Left/right 203 group 7 16.49 15.99 33.81 11.72 27.50 14.16 12.91 3.99 

missing 206 6 17.92 8.83 38.00 5.41 31.23 5.70 14.50 2.71 
215 1 17.48 . 55.20 23.10 . 15.20 . 

Total 18 16.98 11.59 36.56 10.29 28.78 9.75 13.54 3.55 
Total 202 280 9.87 20.48 23.02 13.81 21.25 10.99 9.66 5.98 

203 group 896 7.37 16.09 22.34 12.61 19.87 10.41 8.92 5.61 
205 58 6.17 9.16 21.55 10.52 19.27 8.13 9.23 5.40 
206 674 4.92 10.10 19.32 9.65 18.16 8.62 8.25 4.68 
215 34 7.62 14.59 23.65 11.01 20.59 10.44 8.71 5.65 
Total 1942 6.85 14.96 21.39 11.86 19.47 9.90 8.80 5.38 
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Appendix A- 65 BDG. C.203 group vein quartz core types by material 
Artefact Core Type Count  % total 

   Quartz 
Quartz- 
beach 

Quartz- 
psammite Quartz 

Quartz- 
beach 

Quartz- 
psammite 

Core Single platform Comp 2 1 1 6.1 3.0 3.0 

Frag 2 - - 6.1 - - 

Multiplatform Comp 13 2 1 39.4 6.1 3.0 

Frag 2 - - 6.1 - - 

Dual, opposed Comp 1 1 - 3.0 3.0 - 

Bipolar Frag 2 - - 6.1 - - 

Conical piece Frag 1 - - 3.0 - - 

Radially split Frag - 1 - - 3.0 - 

Core  Single platform Comp 1 - - 3.0 - - 

on flake Multiplatform Comp 1 - 1 3.0 - 3.0 

Total 25 5 3 75.8 15.2 9.1 
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Appendix A- 66 BDG. C.203 group complete vein quartz cores; weight, length, width, thickness by 
type and material 

C. 203 group complete cores 

Core type Material   Weight Max Length Max Width Max Thickness 

Multiplatform Quartz N 14 14 14 14 

Mean 119.81 58.19 48.92 35.55 

Std. Deviation 54.50 10.73 9.81 6.84 

Quartz-beach N 2 2 2 2 

Mean 235.67 68.35 65.95 50.00 

Std. Deviation 50.08 20.58 17.47 5.52 

Quartz-psammite N 2 2 2 2 

Mean 69.82 45.45 45.30 29.90 

Std. Deviation 11.84 3.46 2.97 3.68 

Total N 18 18 18 18 

Mean 127.13 57.90 50.41 36.53 

Std. Deviation 65.14 12.03 11.19 8.10 

Dual, opposed Quartz N 1 1 1 1 

Mean 63.29 48.40 36.90 27.90 

Std. Deviation - - - - 

Quartz-beach N 1 1 1 1 

Mean 36.00 38.00 29.70 23.90 

Std. Deviation - - - - 

Total N 2 2 2 2 

Mean 49.65 43.20 33.30 25.90 

Std. Deviation 19.30 7.35 5.09 2.83 

Single platform Quartz N 3 3 3 3 

Mean 91.76 54.93 42.07 33.23 

Std. Deviation 22.35 1.63 8.93 6.88 

Quartz-beach N 1 1 1 1 

Mean 105.62 57.00 42.90 41.90 

Std. Deviation - - - - 

Quartz-psammite N 1 1 1 1 

Mean 134.41 61.10 56.80 41.70 

Std. Deviation - - - - 

Total N 5 5 5 5 

Mean 103.06 56.58 45.18 36.66 

Std. Deviation 24.35 2.92 9.07 6.76 

Total Quartz N 18 18 18 18 

Mean 111.99 57.10 47.11 34.74 

Std. Deviation 50.91 9.73 9.81 6.71 

Quartz-beach N 4 4 4 4 

Mean 153.24 57.93 51.13 41.45 

Std. Deviation 103.46 18.61 20.59 12.71 

Quartz-psammite N 3 3 3 3 

Mean 91.35 50.67 49.13 33.83 

Std. Deviation 38.22 9.36 6.96 7.29 

Total N 25 25 25 25 

Mean 116.11 56.46 48.00 35.70 

Std. Deviation 60.12 11.07 11.29 7.95 
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Appendix A- 67 BDG vein quartz debitage fragments, excluding debris <10mm 

 202 206 203  
group 215 205 Total 202 206 203  

group 215 205 Total 

Count Count Count Count Count Count % % % % % % 

Debris 278 514 688 52 25 1557 48.4 42.3 41.8 59.8 29.8 43.2 

Complete 16 27 62 1 1 107 2.8 2.2 3.8 1.2 1.2 3.0 

Distal 53 141 134 10 6 344 9.2 11.6 8.1 11.5 7.1 9.6 

Distal centre 1 - 4 - - 5 0.8 - 0.2 - - 0.1 

Distal left 4 16 26 2 2 50 0.7 1.3 1.6 2.3 2.4 1.4 

Distal right 5 22 15 1 2 45 0.9 1.8 0.9 1.2 2.4 1.3 

Distal left missing 3 1 26 - 3 33 0.5 0.1 1.6 - 3.6 0.9 

Distal right missing 1 6 17 - 2 26 0.2 0.5 1.0 - 2.4 0.7 

Distal missing 49 67 113 5 7 241 8.5 5.5 6.9 5.8 8.3 6.7 

Lateral left 21 21 67 3 - 112 3.7 1.7 4.1 3.5 - 3.1 

Lateral right 13 14 65 - 2 94 2.3 1.2 4.0 - 2.4 2.6 

Mesial 42 128 78 3 7 258 7.3 10.5 4.7 3.5 8.3 7.2 

Mesial centre - 2 3 - - 5 - 0.2 0.2 - - 0.1 

Mesial left 3 13 16 - - 32 0.5 1.1 1.0 - - 0.9 

Mesial right 3 10 9 - 2 24 0.5 0.8 0.6 - 2.4 0.7 

Mesial left missing 3 1 4 - - 8 0.5 0.1 0.2 - - 0.2 
Mesial right 
missing 1 5 3 1 - 10 0.2 0.4 0.2 1.2 - 0.3 

Proximal 22 73 72 1 5 173 3.8 6.0 4.4 1.2 56.0 4.8 

Proximal centre 5 19 31 1 4 60 0.9 1.6 1.9 1.2 4.8 1.7 

Proximal left 23 54 46 2 5 130 4.0 4.4 2.8 2.3 6.0 3.6 

Proximal right 7 34 36 2 4 83 1.2 2.8 2.2 2.3 4.8 2.3 
Proximal centre 
missing - 1 - - - 1 - 0.1 - - - 0.030 
Proximal left 
missing 4 12 32 - 2 50 0.7 1.0 1.9 - 2.4 1.4 
Proximal right 
missing 9 15 29 - 2 55 1.6 1.2 1.8 - 2.4 1.5 

Proximal missing 8 19 69 3 3 102 1.4 1.6 4.2 3.4 3.6 2.8 
Proximal missing, 
left - - 1 - - 1 - - 0.1 - - 0.031 

Total 574 1215 1646 87 84 3606 100.0 100.0 100.0 100.0 100.0 100.0 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                           
30 Less than 0.1 (actual % = 0.003). 
31 Less than 0.1 (actual % = 0.003). 
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Appendix A- 68 BDG and Experiment vein quartz . Mean thickness: C.203 group, C.206, and 
Experiment direct percussion fragment groups 

Mean Thickness 

(P) Fragment N Mean Std. Deviation Variance Range 

C.203 group Complete 62 14.25 8.73 76.29 40.9 

Distal 249 7.54 5.39 29.02 33 

Lateral 132 9.01 5.34 28.47 27.7 

Mesial 106 6.74 3.98 15.86 23.4 

Proximal 409 10.28 5.83 33.97 31.3 

Total 958 9.26 6.00 36.04 41.7 

C.206 Complete 27 12.61 6.47 41.83 22.1 

Distal 200 6.52 3.73 13.90 27.5 

Lateral 35 9.82 4.71 22.18 18.1 

Mesial 156 7.05 3.55 12.63 16.3 

Proximal 290 9.84 5.16 26.65 36.9 

Total 708 8.39 4.82 23.20 36.9 

C.202 Complete 16 11.25 5.49 30.07 20.1 

Distal 71 6.52 5.68 32.29 41.8 

Lateral 34 10.36 5.26 27.67 20.4 

Mesial 48 8.57 4.94 24.45 19 

Proximal 127 11.64 5.9 34.85 25.4 

Total 296 9.74 5.96 35.51 41.8 

S.H.D. Complete 33 14.42 8.25 68.08 33.8 

Distal 100 7.73 4.38 19.17 24.1 

Lateral 46 9.40 4.94 24.39 22.4 

Mesial 111 6.13 3.54 12.52 21.1 

Proximal 182 10.24 7.21 51.96 44.1 

Total 472 8.95 6.23 38.83 44.2 

H.H.D. Complete 46 11.20 7.74 59.83 32.4 

Distal 101 7.09 4.73 22.40 33.2 

Lateral 93 9.65 6.60 43.60 44.4 

Mesial 88 6.00 3.63 13.14 24.6 

Proximal 193 9.73 7.21 51.95 54.4 

Total 521 8.71 6.44 41.43 55.2 
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Appendix A- 69 BDG context. Vein quartz debitage. Longitudinal/transverse break types 
Break long/trans BDG context 

 202 206 203 
group 205 215 Total 

Count Count Count Count Count Count 

a32/Clean 3 17 54 - 4 78 

a/Uneven 63 129 250 9 11 462 

Clean/a 3 13 26 1 - 43 

Clean/Clean 2 1 6 2 - 11 

Clean/Uneven 2 5 7 - - 14 

Siret/a 45 61 102 3 6 217 

Siret/Clean 1 1 3 - - 5 

Siret/Uneven 8 14 46 2 2 72 

Uneven/a 120 312 243 24 9 708 

Uneven/Clean 3 7 13 1 - 24 

Uneven/Uneven 30 114 145 16 2 307 

Total 280 674 895 58 34 1941 

% % % % % % 

a/Clean 1.0 2.5 6.0 - 11.8 4.0 

a/Uneven 22.5 19.1 27.9 15.5 32.4 23.8 

Clean/a 1.1 1.9 2.9 1.7 - 2.2 

Clean/Clean 0.7 0.2 0.7 3.5 - 0.6 

Clean/Uneven 0.7 0.7 0.8 - - 0.7 

Siret/a 16.1 9.1 11.4 5.2 17.7 11.2 

Siret/Clean 0.4 0.2 0.3 - - 0.3 

Siret/Uneven 2.9 2.1 5.1 3.5 5.9 3.7 

Uneven/a 42.9 46.3 27.2 41.4 26.5 36.5 

Uneven/Clean 1.1 1.0 1.5 1.7 - 1.2 

Uneven/Uneven 10.7 16.9 16.2 27.6 5.9 15.8 
 
 
 
 
Appendix A- 70 BDG vein quartz debitage. C.203 group, C.206, and Experiment siret breaks 
Dataset  Siret Non-siret Total

H.H.D. Elastic 
Count 79 186 265 

%  29.8 70.2 100.0 

H.H.D. Inelastic Count 96 250 346 

 %  27.7 72.3 100.0 

S.H.D. Elastic Count 54 201 255 

 %  21.2 78.8 100.0 

S.H.D. Inelastic Count 35 273 308 

 %  11.4 88.6 100.0 

BDG 203 group Count 151 744 895 
 %  16.9 83.1 100.0 
BDG 206 Count 76 598 674 
 % 11.3 88.7 100 
BDG 202 Count 54 226 280 
 % 19.3 80.7 100.0 

                                                           
32 ‘a’ = no break. 
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Appendix A- 71 BDG and Experiment datasets. GZLM parameter estimates. Dependent Variable: 
Siret/non-siret. Model: (Intercept), Dataset/technique/support. Reference category: C.203 group 
Technique/support  
and source χ² p 

(Intercept) 181.647 0.000 

H.H.D. Elastic 17.694 0.000 

H.H.D. Inelastic 16.064 0.000 

S.H.D. Elastic 2.284 0.131 

S.H.D. Inelastic 6.271 0.012 

C.203 group . . 

 
Appendix A- 72 BDG vein quartz debitage. C.203 group, C.206, and Experiment siret breaks – 
excluding non-proximal fragments 
Dataset  Siret Non-siret Total

H.H.D. Elastic 
Count 68 55 123 

%  55.3 44.7 100.0 

H.H.D. Inelastic Count 78 86 164 

 %  47.6 52.4 100.0 

S.H.D. Elastic Count 45 63 255 

 %  41.7 58.3 100.0 

S.H.D. Inelastic Count 27 93 120 

 %  22.5 77.5 100.0 

BDG 203 group Count 148 392 540 

 %  27.4 72.6 100.0 
BDG 206 Count 73 250 323 
 % 22.6 77.4 100.0 
BDG 202 Count 54 107 161 
 % 33.5 66.5 100.0 
 
Appendix A- 73 BDG and Experiment datasets. GZLM parameter estimates. Dependent Variable: 
Siret/non-siret. Model: (Intercept), Dataset/technique/support. Reference category: C.203 group 
Parameter χ² p 

(Intercept) 203.735 0.000 

H.H.D. Elastic 32.811 0.000 

H.H.D. Inelastic 21.620 0.000 

S.H.D. Elastic 7.822 0.05 

S.H.D. Inelastic 1.296 0.255 

C.203 group . . 
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Appendix A- 74 BDG complete vein quartz multiplatform cores: mean weight, length, width, and 
thickness 
BDG 
contexts   Weight Max 

Length 
Max 

Width 
Max 

Thickness 
202 Mean 133.48 62.24 46.64 38.36 

N 5 5 5 5 

Std. Deviation 48.79 7.46 7.59 6.24 

Minimum 71.01 53.8 36.6 27.8 

Maximum 188.05 70.6 55.1 44.1 

205 Mean 45.96 45 37.6 28.75 

N 2 2 2 2 

Std. Deviation 23.31 5.37 5.23 9.69 

Minimum 29.48 41.2 33.9 21.9 

Maximum 62.44 48.8 41.3 35.6 

206 Mean 69.96 52.05 39.05 33.60 

N 2 2 2 2 

Std. Deviation 0.91 1.34 2.90 2.12 

Minimum 69.31 51.1 37.0 32.1 

Maximum 70.6 53 41.1 35.1 

203 group Mean 127.56 57.68 50.41 36.57 

N 19 19 19 19 

Std. Deviation 63.33 11.74 10.88 7.88 

Minimum 51.16 40.0 31.6 23.5 

Maximum 271.08 82.9 78.3 53.9 

Total Mean 118.67 57.19 48.01 36.12 

N 28 28 28 28 

Std. Deviation 60.91 10.91 10.35 7.51 

Minimum 29.48 40.0 31.6 21.9 

Maximum 271.08 82.9 78.3 53.9 
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Appendix A- 75 BDG complete vein quartz single platform cores 
Context   Weight Max 

Length 
Max 

Width 
Max 

Thickness 
205 Mean 93.49 59.50 41.60 34.40 

 N 1 1 1 1 

 Std. Deviation - - - - 

 Minimum 93.49 59.5 41.6 34.4 

 Maximum 93.49 59.5 41.6 34.4 

202 Mean 182.87 68.10 48.80 45.2 

 N 2 2 2 2 

 Std. Deviation 49.62 13.30 9.05 6.22 

 Minimum 147.78 58.7 42.4 40.8 

 Maximum 217.95 77.5 55.2 49.6 

203 group Mean 103.06 56.58 45.18 36.66 

 N 5 5 5 5 

 Std. Deviation 24.35 2.92 9.07 6.76 

 Minimum 67.12 53.5 35 25.3 

 Maximum 134.41 61.1 56.8 41.9 

Total Mean 121.82 59.83 45.64 38.51 

 N 8 8 8 8 

 Std. Deviation 46.06 7.56 8.00 7.02 

 Minimum 67.12 53.5 35.0 25.3 

 Maximum 217.95 77.5 56.8 49.6 
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Appendix A- 76 BDG vein quartz . Means: complete and bipolar core fragments 

   Weight Max  
Length 

Max  
Width 

Max  
Thickness 

Complete 

202 Mean 5.61 26.95 15.25 12.75 

N 2 2 2 2 

Std. Deviation 0.27 1.06 2.19 0.49 

Minimum 5.42 26.2 13.7 12.4 

Maximum 5.8 27.7 16.8 13.1 

Fragment 

202 Mean 11.07 33.70 21.85 16.30 

N 2 2 2 2 

Std. Deviation 7.43 7.07 3.75 3.96 

Minimum 5.81 28.7 19.2 13.5 

Maximum 16.32 38.7 24.5 19.1 

206 Mean 6.52 30.05 15.30 13.10 

N 2 2 2 2 

Std. Deviation 2.58 5.44 0.28 1.41 

Minimum 4.69 26.2 15.1 12.1 

Maximum 8.34 33.9 15.5 14.1 

203 group Mean 5.65 26.70 21.45 11.90 

N 2 2 2 2 

Std. Deviation 0.70 6.22 3.75 2.97 

Minimum 5.15 22.3 18.8 9.8 

Maximum 6.14 31.1 24.1 14 

Total (fragment) Mean 7.74 30.15 19.53 13.77 

N 6 6 6 6 

Std. Deviation 4.39 5.79 4.05 3.07 

Minimum 4.69 22.3 15.1 9.8 

Maximum 16.32 38.7 24.5 19.1 
 
Appendix A- 77 BDG and Experiment datasets. GZLM parameter estimates. Dependent Variable: 
Siret/non-siret. Model: (Intercept), Dataset/technique/support. Reference category: C.206 
Parameter χ² p 

(Intercept) 286.941 0.000 

H.H.D. Elastic 44.296 0.000 

H.H.D. Inelastic 44.296 0.000 

S.H.D. Elastic 0.002 0.968 

S.H.D. Inelastic 14.620 0.000 

C.206 . . 

 
Appendix A- 78 BDG and Experiment datasets. GZLM parameter estimates. Excluding non-
proximal flakes. Dependent Variable: Siret/non-siret. Model: (Intercept), 
Dataset/technique/support. Reference category: C.206 
Parameter χ² p 

(Intercept) 1106.164 0.000 

H.H.D. Elastic 41.869 0.000 

H.H.D. Inelastic 30.209 0.000 

S.H.D. Elastic 13.019 0.000 

S.H.D. Inelastic 0.001 0.982 

C.206 . . 
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Appendix A- 79 BDG and Experiment datasets. GZLM parameter estimates. Dependent Variable: 
Siret/non-siret. Model: (Intercept), Dataset/technique/support. Reference category: C.202 
Parameter χ² p 

(Intercept) 89.322 0.000 

H.H.D. Elastic 8.075 0.004 

H.H.D. Inelastic 6.025 0.014 

S.H.D. Elastic 0.296 0.586 

S.H.D. Inelastic 7.025 0.008 

C.202 . . 

 
 
Appendix A- 80 BDG and Experiment datasets. GZLM parameter estimates. Excluding non-
proximal flakes. Dependent Variable: Siret/non-siret. Model: (Intercept), 
Dataset/technique/support. Reference category: C.202 
Parameter χ² p 

(Intercept) 16.783 0.000 

H.H.D. Elastic 13.215 0.004 

H.H.D. Inelastic 6.569 0.010 

S.H.D. Elastic 1.829 0.176 

S.H.D. Inelastic 4.041 0.044 

C.202 . . 

 
Appendix A- 81 BDG vein quartz complete flakes: mean length, width, thickness, and platform 
width and thickness 
BDG Contexts   Weight Max 

Length 
Max 

Width 
Max 

Thickness 
Platform 

Width 
Platform 

Thickness 
202 Mean 10.79 22.66 25.57 11.25 21.32 9.74 

  N 16 16 16 16 16 16 

  Std. Deviation 13.75 9.92 11.23 5.48 11.31 4.8 

  Minimum 0.46 12.8 8.2 3.4 3.4 1.6 

  Maximum 53.77 46 46.3 23.5 43.5 19.4 

206 Mean 16.12 27.44 24.48 12.61 18.76 9.2 

  N 27 27 27 27 27 27 

  Std. Deviation 26.26 13.21 12.29 6.47 7.84 4.23 

  Minimum 1.08 13.2 11.9 5.1 8.8 3.7 

  Maximum 120.17 53.5 65.7 27.2 45.3 21.3 

203 group Mean 19.85 29.03 25.37 14.26 20.67 10.42 

  N 62 62 62 62 62 62 

  Std. Deviation 38.10 14.27 14.86 8.74 12.93 6.68 

  Minimum 0.16 10.2 6.1 2.6 4.4 1.7 

  Maximum 245.50 81.3 84.4 43.5 78.7 30.5 

215 Mean 92.30 53.90 55.70 20.80 41.80 12.90 

  N 1 1 1 1 1 1 

205 Mean 3.66 20.50 22.50 13.50 22.50 12.80 

  N 1 1 1 1 1 1 

Total Mean 18.00 27.92 25.5 13.43 20.81 10.2 

  N 107 107 107 107 107 107 

  Std. Deviation 32.96 13.6 13.77 7.73 11.56 5.77 

  Minimum 0.16 10.2 6.1 2.6 3.4 1.6 

  Maximum 245.5 81.3 84.4 43.5 78.7 30.5 

 
 



58 

 

Appendix A- 82 BDG vein quartz complete flakes mean ratios: length/width, width/thickness, and 
length/weight 
BDG Contexts   Length/width  

ratio 
Width/thickness  

ratio 
Length/weight  

ratio 
202 Mean 0.95 2.40 7.91 

  N 16 16 16 

  Std. Deviation 0.27 0.61 9.68 

  Minimum 0.56 1.41 0.86 

  Maximum 1.56 3.53 33.48 

206 Mean 1.15 2.07 5.78 

  N 27 27 27 

  Std. Deviation 0.32 0.56 4.54 

  Minimum 0.61 0.97 .045 

  Maximum 2.22 3.52 15.88 

203 group Mean 1.27 1.93 8.77 

  N 62 62 62 

  Std. Deviation 0.42 0.62 13.42 

  Minimum 0.48 0.79 0.31 

  Maximum 2.39 3.45 78.13 

215 Mean 0.97 2.68 0.58 

  N 1 1 1 

205 Mean 0.91 1.67 5.60 

  N 1 1 1 

Total Mean 1.19 2.04 7.78 

  N 107 107 107 

  Std. Deviation 0.39 0.62 11.14 

  Minimum 0.48 0.79 0.31 

  Maximum 2.39 3.53 78.13 

 
 
Appendix A- 83 BDG. ANOVA. C.206 and C.203 group complete vein quartz flakes  

   Sum of  
Squares df Mean  

Square F p 

Weight (LOG) Between Groups 0.004 1 0.004 0.008 0.929 

Within Groups 39.840 87 0.458 

Total 39.843 88 

Max Length (LOG) Between Groups 0.010 1 0.010 0.238 0.627 

Within Groups 3.489 87 0.040 

Total 3.499 88 

Max Width (LOG) Between Groups 0.003 1 0.003 0.049 0.826 

Within Groups 4.763 87 0.055 

Total 4.766 88 

Max Thickness (LOG) Between Groups 0.012 1 0.012 0.171 0.680 

Within Groups 6.055 87 0.070 

Total 6.067 88 

Platform Width (LOG) Between Groups 0.000 1 0.000 0.004 0.950 

Within Groups 4.955 87 0.057 

Total 4.955 88 

Platform Thickness (LOG) Between Groups 0.003 1 0.003 0.043 0.837 

Within Groups 5.676 87 0.065 

Total 5.679 88 
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Appendix A- 84 BDG. GLM: C202, C.206, and C.203 group complete vein quartz flakes 
Dependent Variable Type III 

Sum of Squares df Mean 
Square F p 

Weight (LOG) 0.177 2 0.088 0.310 0.734 

Max Length (LOG) 0.114 2 0.057 1.482 0.232 

Max Width (LOG) 0.010 2 0.005 0.095 0.910 

Max Thickness (LOG) 0.074 2 0.037 0.548 0.580 

Platform Width (LOG) 0.001 2 0.001 0.009 0.991 

Platform Thickness (LOG) 0.006 2 0.003 0.047 0.954 

Length/Width ratio (LOG) 0.053 2 0.026 5.238 0.007 

Length/Weight ratio (LOG) 0.015 2 0.008 0.030 0.970 

Width/Thickness ratio 2.818 2 1.409 3.904 0.023 

 
 
Appendix A- 85 BDG. Post hoc test for GLM: C202, C.206, and C.203 group complete vein quartz 
flakes 

Post hoc test: Bonferroni 

Dependent Variable (I) Context (J) Context p 

Length/Width ratio (LOG) 202 206 0.171 

  203 group 0.005 

 206 202 0.171 

  203 group 0.634 

Width/Thickness ratio 202 206 0.263 

  203 group 0.020 

 206 202 0.263 

  203 group 0.938 
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Appendix A- 86 Thornhill quartz. Context summary by area: artefact, indeterminate, natural 
Context summary Area Artefact Indeterminate Natural Total Artefact Indeterminate Natural 

  Count Count Count Count % 
Context % Context % 

Context 
Linear cut 2 - 2 13 15 - 13.3 86.7 

Palisade 2 66 - 261 327 20.2 - 79.8 

Pit - possible 2 1 - 1 2 50.0 - 50.0 

Pit 1 49 4 150 203 24.1 2.0 73.9 

2 97 3 472 572 17.0 0.5 82.5 

Pit/posthole 2 1 - 1 2 50.0 - 50.0 
Post/stakehole - 
possible 2 1 - 1 2 50.0 - 50.0 

3 3 10 6 19 15.8 52.6 31.6 

Post/stakehole 1 - - 21 21 - - 100.0 

2 2 1 4 7 28.6 14.3 57.1 

Redeposit subsoil 2 1 - 11 12 8.3 - 91.7 

Slot cut 2 8 1 9 18 44.4 5.6 50.0 

Structure 2 27 5 68 100 27.0 5.0 68.0 

Surface 2 8 - - 8 100.0 - - 

Stratum 2 48 2 105 155 31.0 1.3 67.7 

3 1 - 1 2 50.0 - 50.0 

Topsoil 1 8 - 1 9 88.9 - 11.1 

2 469 44 1883 2396 19.6 1.8 78.6 

3 9 1 88 98 9.2 1.0 89.8 

Topsoil/stratum 2 - - 5 5 - - 100.0 

? - 29 1 50 80 41.9 - 58.1 

Total 828 74 3151 4053 20.4 1.8 77.7 

 
Appendix A- 87 Thornhill cores. Proportions of core type by Area: all and complete 
Area Core type - All Count 

- All 
% 

area 
Count -

complete 
% 

area 
1 Platform 11 50.0 11 55.0 

 Bipolar 6 27.3 6 30.0 

 Bipolar/platform combine 3 13.6 2 10.0 

 Radially split 2 9.1 1 5.0 

 Total 22 100.0 20 100.0 

2 Platform 33 30.3 29 36.7 

 Bipolar 64 58.7 42 53.2 

 Bipolar/platform combine 6 5.5 6 7.6 

 Radially split 6 5.5 2 2.5 

 Total 109 100.0 79 100.0 

3 Platform 1 33.3 1 33.3 

 Bipolar 2 66.7 2 66.7 

 Total 3 100.0 3 100.0 

Total Platform 45 33.6 41 40.2 

 Bipolar 72 53.7 50 49.0 

 Bipolar/platform combine 9 6.7 8 7.8 

 Radially split 8 6.0 3 2.9 

 Total 134 100.0 102 100.0 
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Appendix A- 88 Thornhill bipolar and bipolar-on-platform cores: cortex proportions by context 
Context summary Cortex 

 0% 1-49% 50-99% Total 0% 1-49% 50-99%  

 Count Count Count Count % % %  
Topsoil/surface 26 3 13 42 61.9 7.1 31.0  
Stratum 2 2 3 7 28.6 28.6 42.9  
Pit - possible pit 2 1 5 8 25.0 12.5 62.5  
Palisade 2 4 - 6 33.3 66.7 -  
Linear/slot cut 3 - 1 4 75.0 - 25.0  
Structure - 3 1 4 - 75.0 25.0  
Other 2 2 - 4 50.0 50.0 -  
Total 37 15 23 75 49.3 20.0 30.7  
 
Appendix A- 89 Thornhill bipolar cores. Means: weight, length, width, thickness, length/weight 
ratio 
Bipolar 
core   Weight Max  

Length 
Max 

Width 
Max 

Thickness 
Length/Weight 

ratio 
Complete Mean 30.34 36.33 27.58 20.69 2.26 

N 50 50 50 50 50 

Std. Deviation 32.33 11.21 9.24 8.17 1.56 

Minimum 3.08 17.80 12.40 8.60 0.33 

Maximum 187.76 62.30 53.80 46.50 7.01 

Fragment Mean 9.51 25.83 22.91 14.34 3.94 

N 22 22 22 22 22 

Std. Deviation 7.33 5.98 7.58 4.60 2.27 

Minimum 2.18 13.50 11.80 6.90 0.89 

Maximum 29.77 35.20 47.60 23.70 9.19 

Total Mean 23.98 33.12 26.15 18.75 2.77 

N 72 72 72 72 72 

Std. Deviation 28.82 11.00 8.98 7.81 1.95 

Minimum 2.18 13.50 11.80 6.90 0.33 

Maximum 187.76 62.30 53.80 46.50 9.19 
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Appendix A- 90 GLM. Thornhill complete bipolar cores 

Source Dependent Variable 
Type III  
Sum of 

Squares 
df Mean  

Square F p 

Area Weight (LOG) 0.342 2 0.171 0.917 0.408 

 Max Length (LOG) 0.076 2 0.038 2.087 0.138 

 Max Width (LOG) 0.040 2 0.020 0.946 0.397 

 Max Thickness (LOG) 0.017 2 0.008 0.263 0.770 

 Length/weight ratio (LOG) 0.095 2 0.048 0.483 0.621 

Context summary Weight (LOG) 1.147 6 0.191 1.025 0.423 

 Max Length (LOG) 0.137 6 0.023 1.245 0.305 

 Max Width (LOG) 0.221 6 0.037 1.763 0.132 

 Max Thickness (LOG) 0.133 6 0.022 0.703 0.649 

  Length/weight ratio (LOG) 0.554 6 0.092 0.935 0.481 

Area * Context summary Weight (LOG) 0.467 2 0.233 1.252 0.297 

 Max Length (LOG) 0.034 2 0.017 0.931 0.403 

 Max Width (LOG) 0.082 2 0.041 1.949 0.156 

 Max Thickness (LOG) 0.082 2 0.041 1.301 0.284 

 Length/weight ratio (LOG) 0.271 2 0.136 1.373 0.265 

 
Appendix A- 91 GLM. Thornhill complete bipolar cores: cortex 

Source Dependent Variable 
Type III 
Sum of 

Squares 
df Mean  

Square F p 

Cortical/non-cortical Weight (LOG) 0.539 1 0.539 3.122 0.084 

 Max Length (LOG) 0.031 1 0.031 1.682 0.201 

 Max Width (LOG) 0.035 1 0.035 1.610 0.211 

 Max Thickness (LOG) 0.080 1 0.080 2.804 0.101 

 Length/weight ratio (LOG) 0.313 1 0.313 3.481 0.068 

 
 
 
 

 

 

 

 

 

 

 

 

 
 
 
 
 
 



63 

 

Appendix A- 92 Thornhill platform core types: context 
Context  
summary 

Single platform/ 
on bipolar Multiplatform Dual, right 

angled 
Dual, 

opposed Total 

 Count Count Count Count Count 

Other 1 1 2 - 4 

Posthole 1 - - - 1 

Linear/slot cut 1 - - - 1 

Palisade 3 1 1 1 6 

Pit - possible pit 8 5 2 - 15 

Structure - 1 - - 1 

Stratum 3 - - - 3 

Topsoil/surface 9 3 4 4 20 

Total 26 11 9 5 51 

 % % % % % 

Other 3.9 9.1 22.2 - 7.8 

Posthole 3.9 - - - 2.0 

Linear/slot cut 3.9 - - - 2.0 

Palisade 11.5 9.1 11.1 20.0 11.8 

Pit - possible pit 30.8 45.5 22.2 - 29.4 

Structure - 9.1 - - 2.0 

Stratum 11.5 - - - 5.9 

Topsoil/surface 34.6 27.3 44.4 80.0 39.2 

 
Appendix A- 93 Thornhill platform cores: cortex 
Core type Material Cortex   

 
Quartz- 
Beach Quartz Total 0% 1-49% 50-99% Total 

Dual, opposed 2 3 5 3 - 2 5 

Dual, right angled 4 5 9 5 3 1 9 

Multiplatform 4 7 11 6 2 3 11 

Single platform 14 6 20 4 3 13 20 

Single platform on bipolar 4 2 6 2 - 4 6 

Total 25 21 46 18 7 21 46 

 % % % % % % % 

Dual, opposed 40.0 60.0 100.0 60.0 - 40.0 100.0 

Dual, right angled 44.4 55.6 100.0 55.6 33.3 11.1 100.0 

Multiplatform 36.4 63.6 100.0 54.5 18.2 27.3 100.0 

Single platform 70.0 30.0 100.0 20.0 15.0 65.0 100.0 

Single platform on bipolar 66.7 33.3 100.0 33.7 - 66.7 100.0 

Total 54.9 45.1 100.0 39.2 15.7 45.1 100.0 

 
 
 
 
 
 
 



64 

 

 
Appendix A- 94 Thornhill complete platform cores. Mean weight, length, width, thickness, and 
length/weight ratio 
Core type   Weight Max 

Length 
Max 

Width 
Max 

Thickness 
Length/ 

Weight ratio 
Dual, opposed N 5 5 5 5 5 

 Mean 99.71 63.2 48.5 31.66 1.02 

 Std. Deviation 92.06 25.56 20.19 16.61 0.65 

Dual, right angled N 7 7 7 7 7 

 Mean 51.39 40.90 32.70 25.49 1.13 

 Std. Deviation 47.07 14.24 11.72 5.35 0.46 

Multiplatform N 11 11 11 11 11 

 Mean 107.55 54.29 45.37 37.65 0.86 

 Std. Deviation 106.67 26.31 24.72 20.11 0.50 

Single platform N 18 18 18 18 18 

 Mean 76.36 45.85 38.99 28.87 1.36 

 Std. Deviation 79.75 17.24 13.05 10.78 1.17 

Single platform on bipolar N 5 5 5 5 5 

 Mean 108.23 52.30 41.48 31.34 1.05 

 Std. Deviation 116.82 27.23 22.96 14.80 0.73 

Total N 46 46 46 46 46 

 Mean 86.02 49.70 40.86 31.03 1.13 

 Std. Deviation 87.21 21.48 18.02 14.11 0.85 

 
 
Appendix A- 95 GLM. Thornhill complete platform cores: core type, context, Area, cortical/non-
cortical, quartz source 
Source Dependent Variable Type III 

Sum of Squares df Mean 
Square F p 

Core Type Max Length (LOG) 0.125 4 0.031 0.977 0.431 

Max Width (LOG) 0.090 4 0.022 0.661 0.622 

Max Thickness (LOG) 0.093 4 0.023 0.766 0.554 

Length/weight ratio (LOG) 0.163 4 0.041 0.414 0.798 

Context summary Max Length (LOG) 0.253 7 0.036 1.163 0.346 

Max Width (LOG) 0.265 7 0.038 1.184 0.335 

Max Thickness (LOG) 0.325 7 0.046 1.733 0.130 

Length/weight ratio (LOG) 1.075 7 0.154 1.864 0.103 

Area Max Length (LOG) 0.033 2 0.017 0.509 0.605 

Max Width (LOG) 0.045 2 0.022 0.674 0.515 

Max Thickness (LOG) 0.042 2 0.021 0.697 0.504 

Length/weight ratio (LOG) 0.291 2 0.145 1.596 0.214 

Cortical/non-cortical Max Length (LOG) 0.189 1 0.189 6.674 0.013 

Max Width (LOG) 0.201 1 0.201 6.907 0.012 

Max Thickness (LOG) 0.179 1 0.179 6.767 0.013 

Length/weight ratio (LOG) 0.448 1 0.448 5.255 0.027 

Quartz source Max Length (LOG) 0.174 1 0.174 6.060 0.018 

Max Width (LOG) 0.146 1 0.146 4.816 0.034 

Max Thickness (LOG) 0.171 1 0.171 6.439 0.015 

Length/weight ratio (LOG) 0.307 1 0.307 3.460 0.070 
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Appendix A- 96 Mean and median. Belderrig and Thornhill complete platform cores 
Dataset   Weight Max 

Length 
Max 

Width 
Max 

Thickness 
Length/Weight 

ratio 
BDG N 38 38 38 38 38 

 Mean 117.19 57.95 46.56 36.15 0.59 

 Std. Deviation 59.28 11.78 10.11 7.61 0.23 

 Median 100.04 56.85 44.25 36.45 0.56 

THRNHLL N 46 46 46 46 46 

 Mean 86.02 49.70 40.86 31.03 1.13 

 Std. Deviation 87.21 21.48 18.02 14.11 0.85 

 Median 48.13 45.25 37.65 27.50 0.89 

Total N 84 84 84 84 84 

 Mean 100.12 53.44 43.44 33.34 0.89 

 Std. Deviation 77.03 18.14 15.16 11.84 0.70 

 Median 71.13 52.05 41.45 32.30 0.69 

 
Appendix A- 97 Thornhill vein quartz. Debitage types and context 
Context  
summary Flake Debris 

>20mm 
Debris 

<20>=10mm 
Sliver 

<20>=10mm 
Debris 

<10>=5mm 
Sliver 

<10>=5mm Total 

Count Count Count Count Count Count Count 

Other 19 - 2 - - - 21 

Pit/posthole 1 - - - - - 1 

Posthole 3 1 1 - - - 5 

Linear/slot cut 2 1 - - - - 3 

Palisade 44 2 2 - 1 2 51 

Pit - possible pit 93 1 8 3 2 7 114 

Structure 18 1 1 - 1 1 22 

Stratum 28 1 6 - - - 35 

Topsoil/surface 246 21 104 11 17 21 420 

Total 454 28 124 14 21 31 672 

% context % context % context % context % context % context % total 

Other 90.5 - 9.5 - - - 100.0 

Pit/posthole 100.0 - - - - - 100.0 

Posthole 60.0 20.0 20.0 - - - 100.0 

Linear/slot cut 66.7 33.3 - - - - 100.0 

Palisade 86.3 3.9 3.9 - 2.0 3.9 100.0 

Pit - possible pit 81.6 0.9 7.0 2.6 1.8 6.1 100.0 

Structure 81.8 4.5 4.5 - 4.5 4.5 100.0 

Stratum 80.0 2.9 17.1 - - - 100.0 

Topsoil/surface 58.6 5.0 24.8 2.6 4.0 5.0 100.0 

Total 67.6 4.2 18.5 2.1 3.1 4.6 100.0 
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Appendix A- 98 Thornhill rock crystal. Debitage types and context 
Context  
summary Flake Sliver 

<10>=5mm Total Flake Sliver 
<10>=5mm 

Count Count Count % context % context 
Pit - possible pit 1 - 1 100.0 - 
Stratum 2 - 2 100.0 - 
Topsoil/surface 2 1 3 66.7 33.3 
Total 5 1 6 83.3 16.7 

 
Appendix A- 99 Thornhill vein quartz. Bipolar and platform flakes: complete, fragment, and 
context proportions 
Technique Context summary Complete Fragment Total Complete Fragment Total 

Count Count Count % context % context % context 

Bipolar Other - 2 2 - 3.2 3.1 

Linear/slot cut - 1 1 - 1.6 1.6 

Palisade - 14 14 - 22.6 21.9 

Pit - possible pit 1 8 9 50.0 12.9 14.1 

Structure 1 6 7 50.0 9.7 10.9 

Stratum - 1 1 - 1.6 1.6 

Topsoil/surface - 30 30 - 48.4 46.9 

Total 2 62 64 100.0 100.0 100.0 

Platform Other - 17 17 - 4.6 4.4 

Pit/posthole - 1 1 - 0.3 0.3 

Posthole - 3 3 - 0.8 0.8 

Linear/slot cut - 1 1 - 0.3 0.3 

Palisade - 30 30 - 8.1 7.7 

Pit - possible pit 10 74 84 47.6 20.1 21.5 

Structure 2 9 11 9.5 2.4 2.8 

Stratum 1 26 27 4.8 7.0 6.9 

Topsoil/surface 8 208 216 38.1 56.4 55.4 

Total 21 369 390 100.0 100.0 100.0 

Total Other - 19 19 - 4.4 4.2 

Pit/posthole - 1 1 - 0.2 0.2 

Posthole - 3 3 - 0.7 0.7 

Linear/slot cut - 2 2 - 0.5 0.4 

Palisade - 44 44 - 10.2 9.7 

Pit - possible pit 11 82 93 47.8 19.0 20.5 

Structure 3 15 18 13.0 3.5 4.0 

Stratum 1 27 28 4.3 6.3 6.2 

Topsoil/surface 8 238 246 34.8 55.2 54.2 

Total 23 431 454 100.0 100.0 100.0 
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Appendix A- 100 Thornhill vein quartz platform and bipolar flake fragments 
Fragment  Bipolar Platform Total Bipolar Platform Total 

 Count Count Count % % % 

Complete 2 21 23 3.1 5.4 5.1 

Distal 2 24 26 3.2 6.0 5.7 

Distal centre - 2 2 - 0.5 0.4 

Distal left - 4 4 - 1.0 0.9 

Distal left missing - 7 7 - 1.8 1.5 

Distal missing 15 81 96 23.4 20.8 21.2 

Distal right - 2 2 - 0.5 0.4 

Distal right missing 2 2 4 3.1 0.5 0.9 

Lateral left 1 11 12 1.6 2.8 2.6 

Lateral right 1 8 9 1.6 2.1 2.0 

Mesial 1 59 60 1.6 15.1 13.2 

Mesial centre - 1 1 - 0.3 0.2 

Mesial left - 6 6 - 1.5 1.3 

Mesial left missing - 1 1 - 0.3 0.2 

Mesial right - 2 2 - 0.5 0.4 

Mesial right missing - 4 4 - 1.0 0.9 

Proximal 33 58 91 51.6 14.9 20.0 

Proximal centre 3 6 9 4.7 1.5 2.0 

Proximal left 1 26 27 1.6 6.7 6.0 

Proximal left missing - 13 13 - 3.3 2.9 

Proximal missing - 15 15 - 3.9 3.3 

Proximal right 1 30 31 1.6 7.7 6.8 

Proximal right missing 2 7 9 3.1 1.8 2.0 

Total 64 390 454 100.0 100.0 100.0 
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Appendix A- 101 Thornhill vein quartz platform flakes. Platform type and preparation, bulb, 
compression rings, termination, lateral margins, curvature for appropriate flakes 

  Count % 

Platform type Faceted 1 0.4 

 Flat 97 35.3 

 Fragment 95 34.6 

 Collapsed 82 29.8 

 Total 275 100.0 

Platform preparation None 245 89.1 

 Abraded 8 2.9 

 Prepared 22 8.0 

 Total 275 100.0 

Bulb Present 16 5.8 

 Absent 259 94.2 

 Total 275 100.0 

Compression rings Absent 378 96.9 

 Present 12 3.1 

 Total 390 100.0 

Termination Feather 61 55.5 

 Irregular 19 17.3 

 Plunging 19 17.3 

 Retouch/wear mark 10 9.1 

 Step 1 0.9 

 Total 110 100.0 

Lateral margins Irregular 387 99.2 

 Regular 3 0.8 

 Total 390 100.0 

Curvature N/A33 7 1.8 

 Concave 17 4.4 

 Convex 192 49.2 

 Straight 174 44.6 

 Total 390 100.0 

Cortex 0% 325 83.3 

 1-49% 28 7.2 

 50-99% 24 6.2 

 100% 13 3.3 

 Total 390 100.0 

 

 

 

 

 

 

                                                           
33 These seven fragments were small, making it difficult to categorise the curvature. 
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Appendix A- 102 Thornhill vein quartz bipolar flakes. Platform type, bulb, compression rings, 
termination, lateral margins, curvature for appropriate flakes 

  Count % 

Platform type Rounded 5 8.2 

 Flat 1 1.6 

 Fragment 4 6.6 

 Collapsed 51 83.6 

 Total 61 100.0 

Bulb Present - - 

 Absent 61 100.0 

 Total 61 100.0 

Compression rings Absent 64 100.0 

 Present - - 

 Total 64 100.0 

Termination Feather 6 60.0 

 Irregular 4 40.0 

 Total 10 100.0 

Lateral margins Irregular 63 98.4 

 Regular 1 1.6 

 Total 64 100.0 

Curvature N/A34 2 3.1 

 Concave 1 1.6 

 Convex 24 37.5 

 Straight 37 57.8 

 Total 64 100.0 

Cortex 0% 49 76.6 

 1-49% 4 6.3 

 50-99% 8 12.5 

 100% 3 4.7 

 Total 64 100.0 

 

 

 

 

 

 

 

 

 

 

 

                                                           
34 These two fragments were small, making it difficult to categorise the curvature. 
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Appendix A- 103 Thornhill. Flake breaks: longitudinal/transverse 
Break long/trans Bipolar Platform Total Bipolar Platform Total 

 Count Count Count % % % 

Complete 2 21 23 3.1 5.4 5.1 

a/Clean 1 2 3 1.6 0.5 0.7 

a/Uneven 6 50 56 9.4 12.8 12.3 

Clean/a 2 3 5 3.1 0.8 1.1 

Clean/Clean - 1 1 - 0.3 0.2 

Clean/Uneven - 1 1 - 0.3 0.2 

Siret/a - 29 29 - 7.4 6.4 

Siret/Uneven 1 15 16 1.6 3.9 3.5 

Uneven/a 38 194 232 59.4 49.7 51.1 

Uneven/Clean - 2 2 - 0.5 0.4 

Uneven/Uneven 14 72 86 21.9 18.5 18.9 

Total 64 390 454 100.0 100.0 100.0 

 
Appendix A- 104 Thornhill complete flakes. Bipolar and platform 
Debitage  
Type   Weight Max 

Length 
Max 

Width 
Max 

Thickness 
Length/ 

Weight ratio 
Platform 

Width 
Platform 

Thickness 

Bipolar Mean 1.22 21.75 12.35 4.10 18.76 - - 

  N 2 2 2 2 2 - - 

  Std. Deviation 0.37 0.64 1.77 0.71 6.18 - - 

  Median 1.22 21.75 12.35 4.10 18.76 - - 

Platform Mean 5.62 20.34 19.98 8.20 10.24 14.82 6.01 

  N 21 21 21 21 21 21 21 

  Std. Deviation 7.06 9.40 7.62 4.16 7.92 5.95 2.82 

  Median 1.60 19.40 16.40 7.60 9.17 13.70 5.10 

Total Mean 5.24 20.46 19.31 7.84 10.98 14.82 6.01 
  N 23 23 23 23 23 21 21 
  Std. Deviation 6.85 8.97 7.60 4.14 8.05 5.95 2.82 
  Median 1.52 21.30 16.40 6.70 10.49 13.70 5.10 
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Appendix A- 105 Thornhill diagnostic types. Area and context 
Area Context Retouched Possible  

retouched Borer Scraper   

  Count Count Count Count Total % 

Area 1 Not recorded 1 - - 2 3 7.0 

 Pit 140 3 - - 1 4 9.3 

 Pit 175 1 - - - 1 2.3 

Area 2 Palisade 3 1 - - - 1 2.3 

 Palisade 4 4 1 - - 5 11.6 

 Pit 607 - - - 1 1 2.3 

 Pit 784 - 1 - - 1 2.3 

 Pit 2966 1 - - - 1 2.3 

 Pit 423 1 - - - 1 2.3 

 Pit 425 1 - - - 1 2.3 

 Pit 529 2 - - 1 3 7.0 

 Structure A - - 1 - 1 2.3 

 Stratum 1 - - - 1 2.3 

 Topsoil 16 1 1 2 20 46.5 

 Total 31 3 2 7 43 100.0 

 
Appendix A- 106 Thornhill. Non-retouched and diagnostic flakes ≥1g, mean and median 
Diagnostic type   Max  

Length 
Max  
Width 

Max  
Thickness Weight 

Non-retouched Mean 22.97 21.18 9.12 6.10 

 N 285 285 285 285 

 Std. Deviation 8.71 7.82 3.98 8.81 

 Median 21.2 19.5 8.2 3.2 

Borer Mean 20.5 14.6 9.2 2.0 

 N 2 2 2 2 

 Std. Deviation 3.39 3.75 0.64 0.10 

 Median 20.5 14.55 9.15 2.02 

Retouched Mean 24.75 21.23 9.38 6.76 

 N 17 17 17 17 

 Std. Deviation 7.24 8.35 4.22 8.09 

 Median 21.50 18.30 7.80 2.99 

Scraper Mean 31.06 22.78 11.70 11.12 

 N 5 5 5 5 

 Std. Deviation 11.81 8.88 4.72 9.37 

 Median 30.50 23.30 12.30 8.05 

Total Mean 23.19 21.17 9.17 6.19 

 N 309 309 309 309 

 Std. Deviation 8.70 7.84 4.00 8.76 

 Median 21.40 19.50 8.30 3.20 
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Appendix A- 107 GLM. Thornhill. Non-retouched, borer, retouched, and scraper flakes ≥1g 
Source Dependent Variable Type III 

Sum of Squares df Mean Square F p 

Diagnostic type Max Length (LOG) 0.111 3 0.037 1.667 0.174 

 Max Width (LOG) 0.046 3 0.015 0.701 0.552 

 Max Thickness (LOG) 0.062 3 0.021 0.665 0.574 

 Weight (LOG) 0.552 3 0.184 1.155 0.327 

 
Appendix A- 108 Thornhill stake/posthole and linear/slot cut finds. Vein quartz and rock crystal 
artefacts, possible artefacts and indeterminate pieces 
Context Description Context Fill Artefact/indeterminate Count 

Pit/posthole Pit/posthole 1534 Platform flake 1 

Stake/posthole Fill of cut  - posthole? 2349 Indeterminate 10 

Single platform 1 

Platform flake 2 

Possible stakehole 1614 Platform flake 1 

Stakehole 3068 3068 3069 Debris <20>=10mm 1 

Stakehole/posthole 2984 2984 2985 Debris >20mm 1 

Stakehole/posthole 3030 3030 3031 Indeterminate 1 

Linear/slot cut Located northeast of ritual pit Context 325 2840 2842 Bipolar core 1 

3283 3284 Indeterminate 1 

3287 Indeterminate 1 

Possible slot cut adjacent to Structure B 581 582 Bipolar core 3 

Single platform on bipolar 1 

Platform flake 1 

Debris >20mm 1 

Linear slot associated with Structure B 3350 3351 Indeterminate 1 

Bipolar flake 1 
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Appendix A- 109 Thornhill stratum finds. Vein quartz and rock crystal artefacts, possible artefacts 
and indeterminate pieces 
Fill Artefact/indeterminate Count Fill Artefact/indeterminate Count 

2370 Platform flake 1 Platform flake 4 

1018 Platform flake (1 = rock crystal) 2 Debris <20>=10mm 1 

1025 Platform flake 1 1597 Platform flake 1 

1045 Platform flake 1 1598 Bipolar flake 1 

1504 Platform flake 1 Platform flake 1 

Debris <20>=10mm 1 1600 Platform flake 1 

1510 Platform flake 1 1607 Platform flake 1 

1511 Single platform core-on-bipolar 1 1617 Platform flake 1 

Debris <20>=10mm 1 Debris >20mm 1 

1521 Platform flake 1 Debris <20>=10mm 1 

1523 Possible core 1 2200 Indeterminate 1 

Bipolar core 1 Platform flake 1 

1535 Bipolar core 2 2221 Platform flake 1 

Platform flake 3 2531 Bipolar core 2 

Debris <20>=10mm 1 2914 Indeterminate 1 

1540 Retouched platform flake 1 Stratum - unexcavated 

1541 Platform flake - rock crystal 1 2145 Platform flake 1 

1569 Radially split core 1 2199 Bipolar core 1 

1571 Platform flake 2 Single platform core 1 

1577 Bipolar core 2 2203 Platform flake 1 

Single platform core 1 2223 Platform flake 1 
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Appendix A- 110 Thornhill surface and topsoil finds. Vein quartz and rock crystal artefacts, 
possible artefacts and indeterminate pieces 
Context Fill Artefact/indeterminate Count 
Monitoring area under  
toilet block N.E. of staff car park Monitoring Platform flake 4 

Surface Surface Platform flake 1 

Platform flake - rock crystal 1 

100 Bipolar core 1 

Dual, opposed core 1 

Platform flake 6 

Topsoil 300 Hammerstone 1 

Indeterminate 45 

Possible debitage 1 

Bipolar core 39 

Bipolar-on-platform core 2 

Dual, opposed core 3 

Dual, right angled core 4 

Multiplatform core 3 

Possible bipolar core 2 

Radially split core 5 

Single platform core 7 

Single platform-on-bipolar core 2 

Bipolar flake 29 

Retouched bipolar flake 1 

Platform flake 187 

Retouched platform flake - rock crystal 1 

Borer - platform flake 1 

Scraper - platform flake 2 

Retouched platform flake 13 

Debris >20mm 18 

Debris >20mm - retouch 1 

Debris >20mm - possible retouch 1 

Debris <20>=10mm 104 

Sliver <20>=10mm 11 

Debris <10>=5mm 103 

Sliver <10>=5mm 155 

Sliver <10>=5mm - rock crystal 1 
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Appendix A- 111 Thornhill miscellaneous finds. Vein quartz and rock crystal artefacts, possible 
artefacts and indeterminate pieces 
Context Fill Artefact/indeterminate Count 

Found in box during analysis Dual, right angled core 1 

Not recorded Big blob section 120 (Area 1) Bipolar core scraper 1 

Dual, right angled core 1 

Retouched multiplatform core 1 

Radially split core 1 

Single platform core 1 

Platform flake 7 

Scraper - platform flake 1 

177 178 Platform flake 1 

823 823 Bipolar core 1 

Bipolar flake 1 

Platform flake 1 

Debris <20>=10mm 1 

Unrecorded 1460 Bipolar core 1 

Bipolar flake 1 

Platform flake 7 

Debris <20>=10mm 1 

1646 Indeterminate 1 

Fieldwalking Fieldwalking Platform flake 1 

Debris >20mm 1 
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Appendix A- 112 Thornhill palisade finds. Vein quartz and rock crystal artefacts, possible artefacts 
and indeterminate pieces 
Palisade Context Fill Artefact/indeterminate Count 

Fill of posthole cut into spur in palisade 5 3283 3290 Platform flake 1 

Palisade 1 433 434 Bipolar flake 1 

Platform flake 4 

Redeposit subsoil, cut by Palisade 1 2228 Bipolar core 1 

Palisade 2 749 3161 Dual, right angled 1 

Multiplatform core 1 

Palisade 2 major recut 705 612 Platform flake 1 

Palisade 2a - Stakehole 2832 2832 2833 Platform flake 2 

Palisade 3 682 796 Debris >20mm – possible retouched 1 

Palisade 4 301 Bipolar core 1 

Platform flake 8 

Debris <20>=10mm 1 

Palisade 4 – capping fill Pit 607 301 Bipolar core 1 

Bipolar flake 1 

Retouched platform flake 1 

Platform flake 1 

Palisade 4 427 1473 Platform flake 2 

1477 Bipolar flake 1 

2653 Bipolar flake 1 

Sliver <10>=5mm 1 

502 Dual, opposed core 1 

Bipolar flake 3 

Platform flake 5 

Debris >20mm 1 

Debris <20>=10mm 1 

Debris <10>=5mm 1 

504 Bipolar core 1 

507 Bipolar flake 1 

588 Platform flake 2 

591 Possible debitage 1 

Sliver <20>=10mm 1 

843 Platform flake 1 

Palisade 4 – capping fill Pit 423 509 Retouched pebble 1 

Single platform 1 

Platform flake 1 

Palisade 4 – capping fill Pit 607 320 Single platform 1 

Single platform - retouched 1 

Bipolar flake 6 

Platform flake 1 

Sliver <10>=5mm 1 

Palisade 4 - unrecorded fill 427 503 Hammerstone 1 

Bipolar core 3 
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Appendix A- 113 Thornhill structure finds. Vein quartz and rock crystal artefacts, possible 
artefacts and indeterminate pieces 
Structure Context description Context Fill Artefact/indeterminate Count 

A Structure A - southern foundation trench 311 318 Bipolar core 1 

Platform flake 1 

319 Bipolar core 1 

Bipolar flake 2 

Platform flake 1 

Borer - platform flake 1 

Debris >20mm 1 

Debris <20>=10mm 1 

B Curvilinear feature may represent an internal porch 716 717 Indeterminate 1 

Bipolar flake 1 

Interior stakehole 379 379 Platform flake 1 

Posthole northeastern corner of the eastern room 547 548 Platform flake 1 

Entrance - under threshold stone 429 430 Bipolar core 1 

East wall foundation slot 527 528 Debris <10>=5mm 2 

Final stretch of the northern wall foundation trench 714 715 Bipolar flake 4 

Platform flake 2 

 
Posthole terminating northwestern end  
of foundation trench (C.498) 583 584 Indeterminate 4 

Bipolar core 1 

Northern foundation trench 544 545 Multiplatform core 1 

Platform flake 1 

Southern side foundation trench 570 571 Platform flake 2 

D Eastern wall slot 1243 1243 Platform flake 1 
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Appendix A- 114 Thornhill Area 2 pit finds. Vein quartz and rock crystal artefacts, possible 
artefacts and indeterminate pieces 
Pit Description Context Fill Artefact/Indeterminate Count 
Pit 1842  1842 1842 Platform flake 1 
Pit 325 Conjoined with 6002, 784 325 2727 Bipolar flake 1 

 2791 Platform flake 3 
 2810 Bipolar core 1 
 2813 Possible bipolar core 2 
 Bipolar core 1 

Posthole in  
Pit C.6002 Conjoined with 325, 784 2839 2846 Platform flake 1 

Pit 784 Conjoined with 6002, 325 784 814 Indeterminate - possible retouched 1 
 Single platform 1 

Pit 2045  2045 1591 Bipolar flake 1 
 Platform flake 2 
 2043 Platform flake 1 

Pit 606 Grouped with Pit 868 606 600 Bipolar flake 1 
 Platform flake 1 

Pit 868 Grouped with Pit 606 868 1628 Dual, right angled 1 
 Platform flake 2 

Pit 607  607 1488 Platform flake 1 
 2650 Platform flake 3 
 Scraper - platform flake 1 
 2660 Platform flake 1 
 321 Bipolar flake 1 
 Platform flake 9 

Pit 2966  2966 1509 Indeterminate 1 
 Bipolar core 1 
 Multiplatform 1 
 Bipolar flake 1 
 Platform flake 17 
 Retouched platform flake - rock crystal 1 
 Debris <20>=10mm 4 
 Sliver <20>=10mm 2 
 Debris <10>=5mm 1 
 Sliver <10>=5mm 5 

Pit 3150  3150 2413 Bipolar flake 1 
Pit 423 Pit group – 424, 425, 854, 855 423 511 Platform flake 2 

 512 Multiplatform 1 
 Single platform 1 
 513 Possible debitage 1 

Pit 424 Pit group – 423, 425, 854, 855 424 1461 Hammerstone 1 
 492 Core/debitage 1 
 Hammerstone 1 
 Platform flake 1 
 493 Platform flake 1 
 Debris <20>=10mm 2 
 494 Multiplatform 1 

Pit 425 Pit group – 423, 424, 854, 855 425 477 Indeterminate 1 
 Platform flake 1 
 478 Retouched platform flake 1 
 Sliver <20>=10mm 1 
 479 Platform flake 2 

Pit 855 Pit group – 423, 424, 425, 854,  855 855 Platform flake 1 
 Debris <20>=10mm 1 

Pit 360 Pit pair – 360, 671 360 361 Platform flake 1 
Pit 529  529 529 Platform flake 1 

 Scraper - platform flake 1 
 Retouched platform flake 2 
 Debris <10>=5mm 1 
 Sliver <10>=5mm 2 

Possible pit  1013 1013 Platform flake 1 
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Appendix A- 115 Thornhill Area 1 pit finds. Vein quartz and rock crystal artefacts, possible 
artefacts and indeterminate pieces 
Pit Context Fill Artefact/Indeterminate Count 

Pit 110 110 111 Platform flake 1 

112 Bipolar core 1 

Single platform on bipolar 1 

Pit 121 121 121 Indeterminate 1 

Bipolar flake 3 

Platform flake 3 

Pit 125 125 126/127 Platform flake 1 

Debris >20mm 1 

Pit 138 138 139 Indeterminate 1 

Possible radially split core 1 

Bipolar core 1 

Single platform 1 

Platform flake 2 

Pit 140 140 141 Core/debitage 1 

Indeterminate 1 

Bipolar core 1 

Scraper - dual, opposed core 1 

Multiplatform 2 

Single platform 1 

Single platform on bipolar 1 

Platform flake 15 

Retouched platform flake 3 

Pit 145 145 147 Single platform 1 

Pit 153 153 154 Bipolar core 1 

Bipolar on platform 1 

Pit 160 160 162 Indeterminate 1 

Platform flake 1 

Pit 175 175 176 Dual, right angled 1 

Retouched debris <20>=10mm 1 

Pit 195 195 196 Radially split 1 

Single platform 1 

Platform flake 1 
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Appendix B- 1 Cores before knapping. Top left: P.Q. with exterior plane of weakness. Top right: 
B.Q. Bottom left: M.Q. with interior planes of weakness. Bottom right: R.Q. 
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Appendix B- 2 E1-32 H.H.D. flake fragments numbered on left and conjoined on right. Siret, 
uneven, and sequential breaks See text for description 

 
 

Appendix B- 3 E1-45 H.H.D. siret break flake fragments. Left: lateral left fragment. Right: 
conjoined fragments. See text for description 
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Appendix B- 4 E1-12-10 S.H.D. flake fragments. Sequential and uneven breaks. See text for 
description 
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Appendix B- 5 Direct percussion platforms and pseudo-platform. Top left: triangular-shaped 
platform fragment, hard hammer. Top right: Platform, with convex ventral edge and bulb, soft 
hammer. Bottom left: pseudo-platform with convex ventral edge on distal fragment, soft hammer. 
Bottom right: Platform with convex ventral edge and edge damage, hard hammer 
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Appendix B- 6 Direct percussion platforms. Left: Platform with incipient triangular-shaped 
fracture, hard hammer. Right: platform with sequential break on point of impact; upper image is 
conjoined flake with fracture line darkened 

 
 

Appendix B- 7 Bipolar platforms. Left: rounded impact point with remaining platform flat. Centre: 
platform fragment from siret break. Right: triangular-shaped platform fragment – similar to hard 
hammer platform E1-29-1 
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Appendix B- 8 Fragmented platform core E1-24-81. Top left: plan of conjoined core. Bottom left: 
profile of fragment 81-1. Top right: profile 81-1 and 81-2. Middle right: profile of 81-1 to 81-3. 
Bottom right: profile of 81-1 to 81-4. (These core fragments were presented to the participants of 
the quartz recognition experiment; 81-1 was presented in Quiz A and 81-2 to 81-4 were presented 
to Quiz A and B, see Chapter 7) 
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Appendix B- 9 Bipolar cores and conical pieces. Top row: conical pieces. Middle and bottom rows: 
bipolar cores 
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Appendix B- 10 Recognition experiment bipolar cores 
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Appendix B- 11 Recognition experiment complete bipolar flakes 

 

 

Appendix B- 12 Recognition experiment platform core 
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Appendix B- 13 Recognition experiment platform flakes. Top left: complete flake. Top right: flake 
fragment. Bottom left: flake fragment. Bottom right: complete flake 
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Appendix B- 14 BDG platform cores. Top left: complete multiplatform core-on-flake. Top right: 
fragment single platform core; flake setup on veinlet. Bottom left: complete single platform core; 
distal impact marks suggesting use on anvil. Bottom right: complete multiplatform core 
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Appendix B- 15 BDG platform cores. Left: complete dual, opposed core. Right: complete 
multiplatform core 

 
 

Appendix B- 16 BDG platform core. Complete multiplatform core 
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Appendix B- 17 BDG platform core. Complete single platform core 
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Appendix B- 18 BDG bipolar cores and conical piece. Top left: bipolar core fragment. Top right: 
conical piece. Middle left: complete bipolar core. Middle right: bipolar core fragment. Bottom left: 
complete bipolar core. Bottom right: bipolar core fragment 
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Appendix B- 19 BDG flakes. Large, thick flakes. Left: complete flake; impact point visible on 
platform. Right: flake fragment; lateral left fragment. 

 
 



95 

 

Appendix B- 20 BDG flakes and diagnostic types. Left: retouched flake fragment; abrupt retouch 
on lateral right edge; proximal missing. Top right: retouched rock crystal flake fragment; convex 
retouch on lateral right; mesial fragment. Bottom right: flake fragment; mesial fragment with 
concave curvature 
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Appendix B- 21 BDG flakes and diagnostic types. Top left: retouched flake fragment; abrupt, 
convex retouch on distal end; proximal left missing. Top right: flake fragment; distal missing; 
cortical platform; extensive edge damage on both lateral edges. Bottom left: borer on flake 
fragment; convex retouch on distal end; proximal left missing. Bottom right: flake fragment; distal 
missing; impact point visible on platform 
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Appendix B- 22 BDG flakes and diagnostic types. Top left: butt trimmed flake fragment; distal 
missing. Top right: retouched flake fragment; rectilinear retouch on lateral left edge; proximal 
missing. Middle left: retouched flake fragment; rectilinear retouch on lateral right edge; distal 
missing. Middle right: retouched complete flake; irregular retouch on lateral left edge. Bottom left: 
retouched flake fragment; irregular retouch on lateral left edge; distal missing. Bottom right: 
retouched flake fragment; convex retouch on proximal left; distal missing 
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Appendix B- 23 BDG. Chert flake from C.202 with triangular-shaped quartz inclusion on ventral 
face (transverse fracture running through the inclusion is post-excavation breakage) 
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Appendix B- 24 Thornhill cores. Top left: single platform core-on-flake. Top right: dual opposed, 
right angle core. Middle left: single platform core-on-bipolar; scraper with surmised finger rest 
created by direct percussion flake. Middle right: bipolar-on-platform core. Bottom left: bipolar 
core. Bottom right: bipolar core 
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Appendix B- 25 Thornhill cores. Top left: multiplatform core; retouched. Top right: single 
platform core; conical shape. Bottom left: Single platform core. Bottom right: dual opposed, right 
angle core            
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Appendix B- 26 Thornhill flakes and diagnostic types. #52: scraper on platform flake; retouch on 
distal, plunging termination. #876: borer on platform flake. #466: platform flake fragment; 
proximal fragment with prepared platform. #81: complete platform flake. #327: platform flake 
fragment; siret break. #831: retouched platform flake fragment; distal fragment. #468: bipolar 
flake fragment with collapsed platform. #214: platform flake fragment; mesial right missing 
fragment with facetted platform. #333: complete platform flake with prepared platform. #192: 
platform flake fragment; distal missing fragment with abraded platform. #506: complete bipolar 
flake. #544 platform flake fragment; distal missing fragment with prepared and collapsed platform 
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Excavation plans 

 

 
Plan 1 Belderrig excavation trenches and test pits (Warren 2008) 
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Plan 2 Belderrig excavations: extent of stony layer marked in red (Warren 2008) 
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Plan 3 Thornhill excavaton (Logue and Ó Baoill 2009) 
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Plan 4 Thornhill. Selected Area 2 contexts. Sketch adapted from Logue and Ó Baoill (2009) 
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Plan 5 Thornhill Structure D (Logue and Ó Baoill 2009) 
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Plan 6 Thornhill Structure A (Logue and Ó Baoill 2009) 
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Plan 7 Thornhill Structure B and Structure C (Logue and Ó Baoill 2009) 
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