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ABSTRACT 
The Weld Range, situated in the eastern Midwest region of Western Australia, has an 

abundance and variety of tool-stone. This study investigates the value Wajarri people 

living in this area at times in the past attached to tool-stone resources. Were the 

numerous quarried outcrops of the Weld Range one important resource or many 

sources of differing value? And, what motivated tool-stone resource management?  

Heritage consultancy surveys undertaken by Wajarri Traditional Owners and UWA 

archaeologists since 2007 have inspected 118 sq. km in and around the Weld Range, 

recorded 30,364 flaked stone artefacts and identified 190 quarried tool-stone outcrops 

(the Weld Range data set). These data, supplemented by an experimental knapping 

program, were used to determine whether different tool-stone resource management 

strategies were in use. The use of different strategies is argued here to reflect the 

relative value of Weld Range lithic raw material types.  

A review of archaeological and ethnographic literature identified four potential 

strategies for managing tool-stone supply. Expedient use takes advantage of abundant 

tool-stone supply to produce sharp edged implements with little need for conservation 

of material. In contrast, waste minimisation and tool conservation seek to preserve the 

supply of tool-stone through the movement and maintenance of cores and flakes 

respectively. Trade production employs standardised production techniques to create 

recognisable products.   

To assess tool-stone resource management in the Weld Range an experimental 

knapping program was conducted using common tool-stone types sourced from the 

Weld Range and a spatial and technological analysis of the Weld Range data set 

undertaken to: 

1. Define tool-stone categories that account for potential misclassification within 

the Weld Range data set. 

2. Identify indicators of reduction intensity for Weld Range lithic raw materials.  

3. Examine evidence for different tool-stone resource management strategies in 

the Weld Range. 

4. Assess the relative flake manufacture predictability of Weld Range tool-stone 

types. 

Rather than discrete new categories, a series of raw material continuums were defined 

for Weld Range lithic raw material types: fine-grained BIF (chalcedony, chert, 

mudstone, quartzite and siliceous sediment), coarse-grained BIF (BIF, jasperlite and 

ironstone), dolerite (basalt, chert and dolerite) and quartz (chalcedony, quartz, quartzite 

and silcrete). While these continuums overlap, some mutually exclusive tool-stone 
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types were identified and a more robust spatial analysis was performed by accounting 

for potential secondary sources. The experimental knapping program also found that 

flake manufacture predictability corresponds with these raw material continuums. Fine-

grained BIF spectrum materials produced the most favourable results.  

Indicators of reduction intensity were found to differ between Weld Range raw material 

types. Fine-grained BIF spectrum materials tended to behave as expected, with flakes 

and cores becoming smaller and preserving less cortex and more negative flake scars. 

Other Weld Range materials proved more variable. For example, and contrary to 

expectation, dolerite flakes became slightly larger as reduction continued. These 

results highlight the importance of characterising reduction intensity for local raw 

materials before performing technological analyses. 

Expedient use of the abundant tool-stone resources of the Weld Range has been 

confirmed by this research for coarse-grained BIF spectrum materials, quartz and 

chalcedony (a material with positive flake manufacture properties but which outcrops 

as thin bands and small cobbles). In contrast, a strategy of waste minimisation has 

been identified for fine-grained BIF spectrum tool-stone types. Wajarri people living in 

the Weld Range at times in the past supplemented their expedient use of plentiful but 

unpredictable tool-stone sources with the movement and more intensive reduction of 

fine-grained, predictable materials. The preferential movement of silcrete and dolerite, 

which exhibited mediocre to poor flake manufacture predictability in the experimental 

knapping program, is suggestive of other motivations for tool-stone movement. 

Possible interpretations for these anomalous patterns include the movement of 

Aboriginal people into the Weld Range, discarding silcrete collected elsewhere, and the 

opportunistic use of dolerite grindstone bases as cores. This study provides evidence 

that Wajarri people perceived Weld Range tool-stone, not as a single resource, but as 

sources of differing value. It further contributes to our understanding of the variety of 

ways hunter-gatherer groups, living in the harsh and unpredictable Australian arid 

zone, valued and managed tool-stone resources. 
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CHAPTER 1. INTRODUCTION 
Located in the arid eastern Midwest region of Western Australia, the Weld Range is 50 

km north-west of Cue and 60 km south-west of Meekatharra (Figure 1.1). It comprises 

a series of Banded Ironstone Formation (BIF) ridges that extend for approximately 60 

km northeast-southwest and 3 km across. These ridges rise from the surrounding 

plains to 739 m above sea level at Gnanagooragoo Peak (Mt Lulworth) making the 

Weld Range a prominent feature of the regional landscape. It is home to the spiritually 

potent, national heritage listed Wilgie Mia Aboriginal Ochre Mine and is significant to 

the Wajarri people in whose lands it resides (O'Neill and Jordan 2007). Ethno-historic 

records indicate that Wilgie Mia red ochre moved through vast trade networks reaching 

northwest to Carnarvon (450 km), south to Kellerberrin (525 km) and east to Wiluna 

(300 km) making the Weld Range a place of importance to Aboriginal groups across 

Western Australia (Clarke 1976; Davidson 1952; O'Neill and Jordan 2007). Most likely 

as a result of this cultural significance, the Weld Range has a rich and varied 

archaeological record (Winton et al. 2010). 

While the Weld Range experiences a harsh and unpredictable climate, the complex 

geology of the area results in an array of resources that would have been important for 

supporting Wajarri occupation in the past. In particular, outcrops of stone suitable for 

tool manufacture are abundant and diverse (Winton et al. 2010). The significance of 

tool-stone resources in the Weld Range is well described by Wajarri elder, Colin 

Hamlett: 

stones were the heart and soul of the Aboriginal people before white people came, as 

without them they would not have been able to eat a lot of the foods that needed to be 

crushed or make shields and weapons for hunting and fighting (National Native Title 

Tribunal 2011:25). 

This study investigates how Wajarri people, living in the Weld Range at times in the 

past, valued tool-stone. Management of one material differently from another reflects 

each material’s relative value. Here, tool-stone resource management strategies and 

the value attached to different lithic raw materials are investigated through spatial and 

technological analysis of existing flaked stone artefact records, informed by an 

experimental knapping program.  
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Figure 1.1. Location of the Weld Range in the Midwest region. 
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INTRODUCTION TO THE PROBLEM 
At first glance a strategy of expedient use of lithic raw material sources, with little 

difference in the management of individual tool-stone types, seems to have been in 

operation in the Weld Range. Consultancy heritage surveys undertaken since 2007 by 

Wajarri Traditional Owners and University of Western Australia (UWA) archaeologists 

have inspected 118 sq. km. in and around the Weld Range, identified 190 quarries and 

recorded 30,364 flaked stone artefacts manufactured from fourteen lithic raw material 

types. Site assessments based on this work consistently describe stone artefact 

assemblages dominated by local materials and characterised by low reduction intensity 

with limited use of retouch for resharpening or reshaping tool edges (e.g. Eureka 

2011a:312).  

Yet, these assessments are incongruous with the realities of resource distribution in 

arid Australia. A range of organisational strategies would have been required to 

manage the uneven distribution of resources such as water, food and wood (Barton 

2008; Douglass 2010). The broader literature on the organisation of lithic technology 

(Nelson 1991) suggests that unknown or risky environments might be associated with 

formalised production that ensured tool-stone was available when needed. For 

example, items such as blades that have a high cutting edge to mass ratio (Kuhn 1994) 

might be produced or bi-face technologies employed to create multipurpose, long-life 

tools (Binford 1979; Parry and Kelly 1987). However, a paucity of these items does not 

preclude complexity in responses to resource distribution. In the Simpson Desert 

Barton (2008) describes a pattern of planned expediency in raw material provisioning. 

Flakes and cores of fine-grained material were moved to parts of the landscape 

containing unpredictable tool-stone sources (Barton 2008:65). This strategy was further 

supplemented by selective use of fine-grained siliceous stone for retouched artefacts 

(Barton 2008:60). Doelman’s (2008) investigation of two quarries in the Stud Creek 

Catchment of western New South Wales illustrates how different materials in this tool-

stone rich area were targeted for different purposes. The cost of procurement from 

specific quarries for fine-grained material was offset by the production of blades, while 

the ubiquitous gibber pavements were targeted for immediate tool production, use and 

discard, taking advantage of ease of availability (Doelman 2008:156). Despite the small 

proportion of formal tools in both the Simpson Desert and Stud Creek examples, 

different tool-stone management strategies were identified.  

These studies indicate that a diversity of responses to unpredictable resource 

availability might be expected in other informal assemblages. In the Weld Range, tool-

stone resources are abundant and diverse but they are not located at all points in the 

landscape. Isolated field observations indicate that some tool-stone types may have 
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been preferentially selected and a variety of strategies employed to manage 

availability. For example, at Weld-A-0709 a small number of heavily retouched 

artefacts manufactured from a fine-grained basalt may result from tool-stone selection 

based on functional properties and conservation of raw material supply through retouch 

(Eureka 2010a:39, 44-45). These occasional field observations, while far from 

conclusive, suggest differentially valued tool-stone resources in the Weld Range. 

RESEARCH APPROACHES 
The archaeological and ethnographic literature provides examples of strategies 

employed by different groups of people to manage tool-stone resources. Further, the 

variety of motives for selecting one lithic raw material over another is evident. This 

literature also provides examples of how different tool-stone strategies might be 

recognised in the archaeological record. These data are used to develop an 

interpretive framework for identifying tool-stone resource management strategies in the 

Weld Range data set. 

This study uses consultancy project data, supplemented by an experimental knapping 

program, to investigate the value of different Weld Range lithic raw material resources 

for Wajarri ancestors. Were some materials favoured over others and, therefore, 

managed in different ways, and why might this be? To answer this question, four 

approaches are used. 

1. Define Weld Range tool-stone categories that account for potential 

misclassification within the Weld Range data set. 

Deposited in the Achaean, the Weld Range comprises undifferentiated mafic and ultra-

mafic rocks, deformed by large scale folding, injected with dolerite dykes and in some 

instances overlain by Tertiary lateritic duricrust and Quaternary colluvial and alluvial 

deposits (Durring and Hagemann 2013b:343-344; Elias 1982:2-3). These geological 

processes have created an abundance and diversity of lithic raw material but with 

differences in colour, texture, lamination, inclusions and veining that often occur within 

the same outcrop. Tool-stone types in the Weld Range data set were recorded by 

consultant archaeologists using macroscopic descriptors that evolved as new materials 

were encountered. This is common in consultancy work, which is often the first 

systematic recording undertaken in an area, but it can lead to overlapping tool-stone 

descriptions. For this project samples of tool-stone were knapped to produce fresh 

break surfaces for macroscopic characterisation of Weld Range raw material types. 

The aim was to create new, clearly defined tool-stone categories.  
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2. Identify indicators of reduction intensity for Weld Range lithic raw materials.  

Numerous previous studies (e.g. Bradbury et al. 2008; Cotterell and Kamminga 1987; 

Deunert 1995; Gould et al. 1971) demonstrate that different raw materials respond to 

reduction in different ways.  Furthermore, use-wear analysis suggests that some Weld 

Range tool-stone types are particularly resistant to micro fracturing (Twaddle 2012:94) 

but it is unclear whether this effect will be evident at a macro level in stone tool 

production. If resistant to fracture, the additional force or particular flaking techniques 

required to remove a flake may affect indicators of reduction intensity typically used in 

lithic analysis but developed using more readily flaked materials (e.g. Andrefsky 2005; 

Hiscock 1988; Holdaway and Stern 2004; Odell 2004). For instance, overshot and step 

terminations are more frequent when excessive force is used in flake removal (Hiscock 

1988:367). These terminations limit further flake removals from a flaking face and 

reduce the capacity for reduction intensity. An experimental knapping program was 

designed to produce assemblages comparable to those described in the Weld Range 

data set. Attributes that changed during experimental reduction of sampled Weld 

Range tool-stone types are identified here and used as indicators of reduction intensity. 

3. Examine evidence for different tool-stone resource management strategies in 

the Weld Range. 

To assess whether different strategies were used to manage lithic raw material 

resources, spatial and technological analyses of the Weld Range data set were 

performed. These describe the selection, manufacture, use and discard of flaked stone 

artefacts, or the “field of action” (Robb 2010) in which the value of tool-stone was 

enacted. Spatial analysis was used to determine whether preferential selection was 

described by the distribution of artefacts manufactured from different tool-stone types in 

the Weld Range. A technological analysis, informed by the characteristics of the 

experimental knapping assemblages, was employed to determine if differential 

reduction of Weld Range raw materials occurred. The results of these analyses are 

compared to expected archaeological attributes for each tool-stone management 

strategy. 

4. Assess the relative flake manufacture predictability of Weld Range tool-stone 

types. 

Flake manufacture predictability can motivate tool-stone resource management 

strategies. Torrence (1989a) argues that higher quality materials would be 

preferentially selected by hunter-gatherer groups to increase use-life potential (for 

archaeological examples of raw material selectivity see Andrefsky 1994; Brantingham 

et al. 2000; Clarkson 2007; Kelly and Todd 1988; Parry and Kelly 1987; Shiner 2008; 
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Shiner et al. 2005). High quality materials fracture predictably facilitating formalised 

production sequences and increase the potential for high reduction intensity. The 

knapping experiment used to describe attributes of reduction intensity in Weld Range 

raw materials, also provided information about the positive and negative attributes of 

these tool-stone types. Relative flake manufacture predictability of Weld Range tool-

stone types was assessed and informed discussion of the influences on tool-stone 

resource management strategies.  

It should be noted that valuing one tool-stone resource over another need not be 

motivated by unpredictable resource availability alone. Stone tools were typically 

everyday implements with tool-stone selected because of availability (Binford and 

O'Connell 1984; Gould 1980:134; Gould et al. 1971; Hayden 1977; Hiscock 2004). 

However, the motivation for lithic raw material management strategies might also 

include economic, social and political factors. For example, in the Western Desert 

some quarries of material are associated with specific kinship networks (Gould 

1980:154). Material from these quarries is recognisable by people living some distance 

from the source and signals land ownership, social alliances and trading partners. 

Flaked stone might also have an agency of its own (Bradley 2008), as suggested by 

this quote from an early European visitor to the Midwest region and Weld Range, Daisy 

Bates: 

I possess two jimari [flint flakes] which returned to their owners after having 
accomplished their revengeful errand. They belonged to members of the 
Wajarri tribe and are supposed to be covered with the blood of their victims 
(Bates n.d.-a:23/160).    

This research, by identifying examples where flake manufacture predictability 

motivated tool-stone management in the Weld Range, may identify anomalies that are 

better explained by non-functional arguments.  

The multitude of values placed on tool-stone sources described above also highlights 

the need to move beyond environmentally deterministic interpretations of raw material 

economies. Processual approaches to archaeology in the 1960s to 1970s focused on 

human-environment interactions using deductive methods and ethnography to describe 

how culture adapts to the environment (Binford 1979; Lee and De Vore 1968; Preucel 

and Hodder 1996). This approach was important in taking the investigation of cultural 

change beyond typologies and culture histories (Trigger 1989:294). In stone tool 

analysis optimisation theory and cost-benefit analysis (Torrence 1989a, 1989b) has 

also provided a useful model for understanding human behaviour in response to 

resource availability. These approaches evolved out of the broader field of behavioural 

ecology (Bird and O'Connor 2006). Stone tools become problem-solving devises that 

allow people to manage their physical and social environment (Torrence 1989a:58). 
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Optimisation theory provides a means of translating observations about stone artefacts 

in to “a broader view of behaviour, and studied alongside and in the same way as 

subsistence, settlement and social organisation” (Torrence 1989b:2). In this study, 

optimisation theory is used to develop archaeologically identifiable tool-stone 

management strategies. However, non-environmental costs and benefits, such as 

social preference or political alliances, remain difficult to quantify. For example, 

Torrence (1989b) and Gero (1989) in Time, energy and stone tools, identify the 

potential for optimisation theory to investigate social organisation. But, the examples 

used by Torrence and the other articles in the volume (Boydston 1989; Camilli 1989; 

Jeske 1989; Lurie 1989; Morrow and Jefferies 1989; Myers 1989) focus on 

environmental costs and subsistence benefits. Similarly, in a review paper by Bird and 

O'Connor (2006) the potential for behavioural ecology to explain change over time is 

well evidenced by the case studies used. But, climate and population are primary 

motivators for change rather than other social factors like religion or political 

relationships. Though unintended, the environment can become the dominant variable, 

making, rather than constraining, cultural and individual choices (Preucel and Hodder 

1996:27). While useful for creating hypotheses that are testable with available 

archaeological material, these theoretical frameworks all too often reduce human 

action to a response to environmental variables. 

Agency theory, while problematic in its focus on the individual, is used here to consider 

the choices Wajarri people made in relation to tool-stone, “the relationships in which 

humans act” (Robb 2010:515).  As in Ingold’s (2011:6) notion of production, neither 

environment (physical, social or otherwise) nor the strategy used to manage it are 

mutually exclusive, nor do they come one before the other. It is the act of doing, the 

execution of the design and adaptation of the material that is of interest. In the Weld 

Range, raw material properties and resource abundance provided Wajarri ancestors 

with an “opportunity to act” (Gero 2000:37), to manage unpredictable resources, signal 

kinship or trade affiliations, seek revenge and much more.  

It should be noted that the term “Wajarri” is used throughout this thesis as a means of 

humanising interpretations of the archaeological record. As European pastoralists and 

gold miners from around the world colonised the Midwest in the mid-late 1800s, 

Aboriginal people living in the Weld Range referred to themselves as “Wajarri” (Bates 

1985; Tindale 1974). Today, the area forms part of the Wajarri Yamatji Native Title 

Claim (Tribunal File Number WC04/10; Federal Court File Number WAD6033/98). 

However, it is unlikely that people living in the Weld Range at all times in the past 

identified with this term. For example, Tindale (1974:258) suggests that the geographic 

extent of Wajarri territory was expanding at the time of first contact with Europeans. 
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Instead, the term “Wajarri” is used here to convey a perspective of material culture as 

being about: 

 people choosing to plan and performing, often over years or decades, some 
task, which also defined them, their knowledge and abilities and their relations 
with others socially, which change them. (Robb 2010:513; my emphasis)  

CONTRIBUTION OF THIS STUDY 
A common critique of investigations of Australian arid zone surface assemblages (e.g. 

Barton 2001; Thorley 2001; Veth 1993) is the difficulty of determining chronological 

frameworks and the effect of post-depositional processes (Holdaway et al. 2004; 

Shiner et al. 2005). However, a breadth of information can be usefully retrieved from 

the relationships that persistently draw people back to some places in the landscape 

and create these surface records (e.g. Camilli and Ebert 1992; Dooley 2008; Schlanger 

1992; Wandsnider 1992, 1998). While the internal configuration of stone artefact 

scatters will have been influenced by spatially and temporally overlapping occupation 

events and post-dispositional processes, their relationship to the surrounding 

environment most likely remains unchanged (Wandsnider 1998). In the study described 

here, the relationship between tool-stone resources and Wajarri ancestors living in the 

Weld Range is explored. Evidence for persistent behaviours is sought. It is 

acknowledged that these persistent behaviours may have occurred as individual events 

separated by hundreds of years or as a result of a generation of selectivity when one 

tool-stone type was favoured over another. The importance of persistence lies not in 

how often or for how long use continues but that it continued to occur at many points in 

the landscape suggesting a strategy for tool-stone management.  

This project also adds to a body of case studies that transform cultural heritage 

management data in to greater knowledge about the past (e.g. Harrison 2004; Ltd 

2005; Ryan and Morse 2009; Sullivan et al. 2013). A common and justified critique of 

archaeological consulting practice is its focus on processes rather than outcomes 

(Barker 2009). To use a Western Australian example, vast bodies of archaeological 

data are collected every year as a result of legislative obligations and negotiated 

heritage agreements by developers seeking to undertake ground disturbance (Morse 

2009:1). But, published papers using this data to engage with pertinent research 

questions are few and punctuated by decadal gaps. In the Midwest region, Byrne’s 

1980 article uses survey data to investigate silcrete use and remains an important 

contribution to quarry research in Australia (Doleman 2008; Lamb 2011; Tibbert 2005). 

But, no further use was made of the consulting data which continued to be collected in 

Midwest until Winton et al.’s 2014 paper comparing survey data with an excavated 

assemblage in the Weld Range. As discussed by Brown (2008:25), this is the result of 
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archaeological heritage surveys that typically record sites and artefacts rather than 

interpret them. The emphasis on recording (process) without a corresponding 

development of new knowledge (outcomes) corrodes the perceived value of the 

archaeological record by stakeholders and the general public (Barker 2010:68). 

Innovative approaches to consulting practice are needed to address this imbalance and 

ensure outcomes result from processes (Chandler 2009).  

In the interim, this project makes an important contribution by investigating methods 

that accommodated the problems inherent in consulting data. Errors, like the 

misclassification of raw material, can be expected where more than one recorder 

collects information over a number of years. However, preserving the reputation of a 

consulting company requires considerable investment in maintaining accuracy through 

staff training in standardised systems of recording designed to maximise reliability and 

monitor recording quality. As a result, these data sets systematically describe surface 

archaeological assemblages over tracts of land orders of magnitude larger than most 

research focused projects. In this study, methods for overcoming misclassified, 

overlapping raw material categories are developed which presents a new avenue for 

producing research outcomes from consulting data.   

The spatial breadth and detail of site and artefact recording available within the Weld 

Range data set is also a key element of the research presented in this thesis. Indeed it 

is one of the great strengths of consulting data where large projects are undertaken 

over many years. In this project tool-stone resourcing is considered at what can be 

described as a ‘landscape’ level where the notion of ‘site’ is done away with. The 

relationship between artefact and potential source will be explored regardless of ‘site’ 

boundaries, which describe the distribution of physical remains in the present rather 

than the actions of past occupants. It is also acknowledged that the Weld Range data 

set and this analysis does not encompass the nuances of ‘landscape’ as described in 

the broader cultural heritage management theory literature (e.g. David and Thomas 

2008; Ellis 1994; Harrison 2004; Patterson 2008; Ross 1996; Sullivan 2008). 

Nonetheless, this project seeks to use data collected within a legislative frameworks 

(mirrored internationally) that fails to accommodate the ‘landscape’ concept (Blake 

2000; Byrne 2008; Hudson and James 2007; Waterton 2005; Waterton and Smith 

2008). ‘Landscape’ presents a mechanistic problem for legislators and developers 

(Prangnell et al. 2010:152) where as individual ‘sites’ are more easily defined and 

avoided. This project therefore, seeks to develop methods for using ‘site’ data to 

investigate resource management within a broader Weld Range ‘landscape’. In doing 

so a far more intangible aspect of the heritage of the Weld Range ‘landscape’ is 

explored: Wajarri decision-making. 
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CHAPTER SUMMARY 
Tool-stone sources are abundant and diverse in the Weld Range but are not evenly 

distributed through the landscape. This study investigates how lithic raw material 

resources were managed and what motivated the selection, manufacture, use and 

discard of different materials. Having outlined the research question, background to the 

problem, the approaches that will be used and the contribution this study will make, an 

interpretive framework is now required. 



 

 

11 

CHAPTER 2. INTERPRETIVE FRAMEWORK 
The role of stone tools in hunter-gatherer societies and the motivations for tool-stone 

selection are discussed in this chapter (Chapter 2). Different strategies for managing 

tool-stone supply are identified from global and Australian ethnographic and 

archaeological literature. Of particular interest is the relationship between resource 

management strategies, which have expression in the archaeological record, and the 

underlying motivation for tool-stone selection.  

MOTIVATIONS FOR TOOL-STONE SELECTION 
In ethnographic studies stone tools in the Australian arid zone are described, for the 

most part, as everyday implements used for a range of different tasks (Binford and 

O'Connell 1984:418; Gould 1978:824; Gould et al. 1971:163; Hayden 1977:179). For 

example, Wajarri man Brendan Hamlett describes the use of stone tools for skinning 

animals, cutting shields from trees and making spears (National Native Title Tribunal 

2011: 27). In many of these first hand observations, tool-makers sought a sharp edge 

and little more (Hayden 1977:179). At the extreme of expedient raw material use, 

Hayden (1977:179) suggests that Pintupi, Yankuntjara and Wangkayi people from 

central Australia might decide to retouch a flake because it was immediately available 

rather than source a core from elsewhere in the camp. In this instance, workflow was 

perceived as more important than edge sharpness. Gould (1978:818-819), working in 

the Western Desert, further highlights the influence of availability on tool-stone 

selection. Poor-quality, but abundant, cobbles from gravel patches situated near 

campsites were extensively used to supply everyday needs. Availability and 

abundance were strong influences on tool-stone selection. However, other functional, 

social, political and economic motivations are evidenced in both the ethnographic and 

archaeological record. 

The same ethnographic observations described above identify a preference, in some 

instances, for isotropic, homogenous, microcrystalline and highly siliceous materials in 

stone tool manufacture. Analysis of many archaeological assemblages suggests a 

similar preference (e.g. Andrefsky 1994; Brantingham et al. 2000; Clarkson 2007; Kelly 

and Todd 1988; Parry and Kelly 1987; Shiner 2008; Shiner et al. 2005). These 

materials have features that facilitate control in flake manufacture, relative to coarser 

raw materials, such as lower fracture toughness and elastic modulus, and higher 

compressive and tensile strength (Cotterell and Kamminga 1987:677; Domanski et al. 

1994:203). Torrence (1989a:64), following Goodyear  (1979:3), highlights the 

importance of fracture predictability in influencing, but not determining, raw material 

selection. Predictability provides manufacture choice and facilitates repair and recycling 
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of tools. An archaeological example is described by people’s response to the extreme 

climatic variation experienced in Wardaman country, Northern Territory, between 1,500 

– 5,000 BP (Clarkson 2007:161-162). Clarkson (2007:162) argues that high quality 

lithic raw material was preferentially selected to maximise tool use-life in response to 

temporally restricted, seasonal, mobile and/ or clumped resources. Similarly, 

researchers investigating flaked stone artefact assemblages in western New South 

Wales (NSW) suggest that fracture predictability influenced the evident preference for 

high quality, microcrystalline silcrete in blade and adze production (Doelman and 

Holdaway 2011:40; Doelman et al. 2001:29; Holdaway et al. 2004:64; Shiner et al. 

2005:78). 

Selection is also influenced by functional constraints. In the production of grinding 

implements for instance, ethnographic observations in the Western Desert and central 

Australia describe a preference for granite, sandstone and coarse-grained quartzite 

(Gould 1980:122; Hayden 1977:183). Hayden (1977:180) observed the use of similar 

hard metamorphic and igneous materials for large choppers used for heavy duty 

woodworking by Pintupi, Yankuntjara and Wangkayi people. These materials are hard 

and have a rough surface making them more suitable for these tasks compared with 

finer-grained tool-stone (Cane 1989:112-114; Deunert 1995:31, 41-45; Smith et al. 

2010:97). In opposition to attributes selected for carefully controlled flaking properties, 

these coarse-grained materials have higher fracture toughness and elastic modulus 

(Domanski et al. 1994:204).  

Considerations such as the anticipated distance of travel and the form of the 

outcropping raw material source (for example, small, rounded cobbles versus large, 

bulky blocks) further affect the selection of material and the strategies employed to 

manage resource availability (Dibble et al. 1995:259-260). Weld Range Wajarri man 

Colin Hamlett, during a National Native Title Tribunal hearing at Weld Range, noted 

that all tool-stone quarries were important but that some were targeted because of their 

location on or near traditional pathways through the landscape (National Native Title 

Tribunal 2011: 26). Webb (1993:109), in a study of lithic assemblages in Kinchega 

National Park, western NSW, also describes a consideration of travel distance and 

form. Evidence for the movement of large silcrete cobbles of varying quality into the 

National Park’s tool-stone poor sand plains may reflect a preference for quantity over 

quality. These large cobbles, while costly to transport, subsequently provided ‘portable 

quarries’ that fulfil a number of roles including core, grinding implement and anvil 

(Webb 1993:108).  

Social factors for selection of particular raw materials are also commonly noted in the 

ethnographic record. Jones and White (1988) describe a visit with senior Yolngu 
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Traditional Owners to the quartzite quarry of Ngilipitji, in the Northern Territory. The 

material from this quarry was both highly prized and feared for its spiritual properties. 

This has resulted in restricted access to the quarry. Yolngu Traditional Owners 

stressed that visits must only be made by specialist craftsmen who have knowledge of 

both the physical process of tool-stone extraction and tool manufacture as well as the 

ritual behaviours required to manage the potentially dangerous spiritual nature of this 

place (Jones and White 1988:55, 59; see also Ross et al. 2003). Daisy Bates (White 

1985: 234) during her visit to the Midwest region in the early 1900s describes the use 

of “magic stone” for healing and sorcery. Gender too may have influenced tool-stone 

selection with Hayden (1977:183, 185) describing a prohibition against women using 

cryptocrystalline materials among the Yankuntjara people in northwest South Australia. 

Although he notes that it is unclear how proscriptive this prohibition was. Wajarri 

Traditional Owners similarly emphasises that only initiated men were allowed take 

stone from quarries in the Weld Range (National Native Title Tribunal 2011: 26-27, 30). 

More mundane social selection is described in the ethnographic record of central 

Australia and the Western Desert with habit and tradition guiding the distinction 

between waste and usable tools (Gould et al. 1971:161; Hayden 1977:179). 

Archaeologically, social preference is more difficult to identify. Some of the non-local 

cherts used to manufacture adzes identified in the excavated assemblage of 

Puntutjarpa in the Western Desert may have been sourced from over 300 km away 

(Gould 1978:827).  Based on his ethnographic observations, Gould (1978, 1980) 

argues that these materials were preferentially selected so as to maintain reciprocal kin 

relationships over large areas. In response, Binford (1979:261) suggested that these 

materials may not constitute ‘exotic’, non-local tool-stone but rather embedded lithic 

raw material procurement practised by highly mobile hunter-gatherers. His experience 

with the Nunamiut of Alaska in the USA and Alyawara of central Australia highlighted 

the scale of seasonal mobility among these groups (Binford 1979:260). Instead, Binford 

(1979:261) argued that raw material diversity relates to the intensity of site occupation. 

With more people staying in a place for longer, there is an increased likelihood that 

someone visited a far flung tool-stone source, transported material and then discarded 

it during occupation. Gould and Saggers (1985:129, 133) countered this argument 

using an experimental investigation of the functional qualities of tool-stone types 

recovered from the Puntutjarpa assemblage. This work indicated that adzes 

manufactured from local materials had more efficient edge-holding properties 

sustaining more adzing strokes and removing greater amounts of wood per stroke 

(Gould and Saggers 1985:132). These results supported Gould’s (1978:833) original 

argument that the persistent use of non-local material reflects a social preference 
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rather selection for functional properties or as a result of group mobility. While Binford’s 

arguments are important to consider, Gould (1978) and Gould and Saggers (1985) 

illustrate that social preference can be identified in the archaeological record. 

A more recent study by Borrazzo (2012) in the Chorrillo Miraflores Valley, Tierra del 

Fuego, Chile provides another example of archaeological evidence  being used to infer 

social preference. Following intensive survey for potential additional sources, artefacts 

manufactured from a silicified tuff quarry were sourced using petrographical techniques 

(Borrazzo 2012:2646). Despite evidence for the persistent movement of this material, 

an experimental knapping program described a higher than expected proportion of 

cracks and different degrees of silicification within this material which negatively 

affected flake propagation (Borrazzo 2012:2650). Results indicate that the distribution 

of the Chorrillo Miraflores Valley silicified tuff cannot be accounted for as a result of 

availability and/ or functionality alone (Borrazzo 2012:2652). Instead, Borrazzo 

(2012:2652) argues that the material’s locally unique macroscopic properties and 

single source may have led to a social preference for Chorrillo Miraflores Valley 

silicified tuff.  

Social preference often reflects political influence as illustrated by the archaeological 

and ethno-historic record of the extensive Mt William greenstone axe trade network in 

Victoria and South Australia (McBryde 1984:277-278). Analysis of the distribution of 

geochemically provenanced axes indicates that, unlike axes from other greenstone 

quarries, Mt William greenstone axes were transported north and west for over 600 km 

(McBryde 1978:359). McBryde (1984:278-279) uses ethnographic, ethno-historic and 

linguistic information to argue that this distribution corresponds with tribal boundaries 

and/ or locations of historically documented gatherings of people. Indeed, the higher 

proportion (200-300 km: 27.5%, n=55) of Mt William axes identified in neighbouring 

territories compared with the immediate surrounds of the other sources (0-100 km: 

22%, n=44), suggests that the Mt William objects were viewed as products of social 

and political prestige (McBryde 1978:356, 1984:278).  

Ground-edge axe trade networks also afford an insight into economic influences on 

tool-stone selection. Like the Mt William quarry, the Moondarra ground-edge axe 

quarry in the Mt Isa region of northwestern Queensland provided products for an 

extensive trade network extending almost 2,000 km through central Australia (Hiscock 

2005; Tibbert 2005). Ethnographic and archaeological sources indicate that a wide 

range of materials (ochre, ground-edge axes, pituri and grindstones) as well as 

intangible items such as songs and ceremonies travelled along these trade routes 

(McBryde 1987). At Moondarra, specific production techniques were employed to 

create standardised products (Hiscock 2005:298). Production occurred as a series of 
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stages at different points in the landscape with increasing standardisation evident at 

each location. For example, axes were produced using flakes that typically had hinge 

terminations or pronounced bulbs of percussion. The proportion of flakes with hinge 

terminations increases in each stage’s activity area, most likely indicating greater 

selectivity as axe manufacture proceeded (Hiscock 2005:293). Secondary shaping was 

patterned, occurring first on the distal margin from the dorsal surface with additional 

retouch rarely required. These production techniques were successful in producing a 

standardised product with only minor variation recorded between axes at Moondarra 

quarry and those in regions receiving the product (Hiscock 2005:295). The results 

described by Hiscock (2005) are further confirmed by Tibbert’s (2005:239) analysis of 

the spatial distribution of material at Moondarra and a comparison of 486 stone axes 

from Moondarra, the Mt Isa region more generally and three other areas further south 

and east. Excavation at Moondarra illustrates how these same economic influences 

have operated over time (Tibbert 2005:268). While Moondarra has been in use for at 

least 1,200 years, the introduction of sub-surface extraction from approximately 500-

600 years ago suggests increasing intensity in production perhaps associated with an 

amplification of trade activity in the late Holocene (Tibbert 2005:205).  

Importantly, these motivations for tool-stone selection may be connected. The selection 

of quartzite from Ngilipitji is not guided by its spiritual qualities alone (Jones and White 

1988:55).  Ngilipitji quartzite is also an economic commodity (Meehan and Jones 

2005:161) and functionally appropriate for blade production (Jones and White 1988:83-

84). Holdaway and Douglass (2011:108) illustrate this point with a passage from Horne 

and Aiston (1924:88) that describes the selection of knives for circumcision by 

Wangkangurru men east of Lake Eyre in north-eastern South Australia. The functional 

superiority of one knife over another imparted social privilege and prestige to the 

owner/ producer. The movement of grinding material through central Australia further 

illustrates how the functional value of high quality raw material can incorporate social 

concerns (McBryde 1987:262). Oral traditions demonstrate how grindstones from 

recognised sources such as Innamincka, Reaphook Hill and Anna Creek had utilitarian 

value that was then communicated through economic trade networks via story and 

song which in turn enhanced value of products from these quarries (Smith et al. 

2010:98).  

As Bradley (2008:635) notes in his discussion of the role of a stone quarry, “for 

Yanyuwa people (Gulf Country, northern Australia) the reality of objects such as a 

stone quarry and associated evidence….is based on logic that allows for the oscillation 

between human and nonhuman, intention and nonintention, social and nonsocial, 

moral and amoral, poetic and nonpoetic – divisions that are not binaries but the points 
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between which the vital and supervital may be observed in action.” In the Midwest 

region, Bates describes the jimari kordorn, men whose totem was the black tool-stone 

used for initiation ceremonies and who could “bring jimari [black initiation knives] from 

their stomachs” (White 1985: 205). This is a clear example of how the functional use of 

a stone knife manufactured from a specific black material becomes part of something 

much bigger: a social tradition of totems and the rights and responsibilities these 

impose; initiation ceremonies that impact/ reinforce group identify; sorcery and 

personal power. For Weld Range Wajarri man Colin Hamlett, stone was used by “the 

old people to make shields, weapons and dishes, and to crush and grind seeds and 

other bush food…. We still use the stones to show our children how the old people 

used to live and to pass on the knowledge and culture of the Wajarri people” (National 

Native Title Tribunal 2011: 25). The beginning of this quote highlights the everyday 

importance of tool-stone. But, as Colin continues the complexity of past and present 

Wajarri tool-stone use emerges. While it is useful when constructing archaeologically 

testable hypotheses to consider different motivations for tool-stone selection 

individually, for the people using stone tools the reasons for tool-making would have 

been, purposely or accidentally, changing and overlapping.  

COSTS OF TOOL-STONE SELECTION 
Tool-stone selection is not without cost and this cost is not easily measured. Binford 

(1979:259) emphasised that his experiences of tool-stone procurement by Nunamiut 

indicates embedded raw material acquisition, even over very large distances. He 

argues that the cost of procurement cannot be directly related to distance (e.g. 

identifying ‘local’ and ‘exotic’ materials) because extensive group and individual 

mobility during seasonal subsistence patterns may facilitate access to ‘high cost’, 

‘exotic’ materials (Binford 1979:259). Dibble et al.’s (1995:260) definition of local versus 

non-local material presents a useful way of conceptualising procurement costs even 

when embedded in typical movement through the landscape for other subsistence 

needs. Local materials are those that are available in the immediate vicinity with no or 

very low transportation costs. In contrast, non-local materials incur considerable 

procurement costs even if these are embedded within subsistence movement. A similar 

distinction in procurement costs is made by Gould (1980:126) between non-quarried 

materials, used and discarded near the source location, and quarried materials, 

sourced from specific outcrops and transported to habitation sites.  

Different consumption of tool-stone is evident at relatively short distances, as little as 1 

– 5 km from the source (Byrne 1980; Doelman 2008; Hiscock 1988; Kuhn 1991; Marks, 

Shokler & Zilhao 1991; O'Connell 1977). For example, Byrne (1980) demonstrates a 

change in silcrete use at differing distances from the only known source of silcrete in a 



Chapter 2  Interpretive framework 

 

17 

1,200 sq. km. area on the Murchison coast, Western Australia. At a distance of only 2.5 

km a marked change in the proportion and attributes of silcrete artefacts is evident in 

stone artefact assemblages (Byrne 1980, p. 117). This trend is accentuated at a 

distance of 10 km from the quarry at which point silcrete no longer dominates the 

assemblage and evidence for curation emerges. Hiscock (1987) identified a similar 

pattern of local tool-stone selection in the Lawn Hill area of northern Queensland. 

Sample locations placed at varying distances (up to 17.6 km) between two raw material 

sources illustrate a major change in assemblage composition with the closest source 

material dominating the assemblage (Hiscock 1987:182). A preference for chert is also 

suggested as this material is found in higher proportions near the quartzite source 

when compared to proportions of quartzite near the chert source (Hiscock 1987:183).  

Residential mobility may also affect the cost of tool-stone selection. Parry and Kelly 

(1987:300) as well as Elston (1990:160) suggest that, as occupation becomes more 

sedentary, use of local materials will increase because access to more distant sources 

is limited and existing stocks reduced. The cost of accessing local, but potentially poor 

quality material, is offset by its availability (Parry and Kelly 1987:290). In contrast, brief 

occupation, even if undertaken repeatedly and frequently, will result in the increased 

use of non-local material obtained from the sources during recent travels (Elston 

1990:159). High quality tool-stone sources are more accessible during the periodic 

movement associated with high residential mobility (Parry and Kelly 1987:300). They 

may be targeted to produce flexible and maintainable tools reducing the need to use 

local, potentially poor quality materials.   

Torrence’s (1989a, 1989b) optimisation theory provides a useful framework for 

developing archaeologically identifiable tool-stone resource management strategies. 

Lithic technologies are viewed as a means of optimising time and energy inputs, or 

costs, to satisfy perceived need while reducing the risk of failure (Torrence 1989b). 

Perceived need may incorporate environmental, functional, social, economic and/ or 

political influences (outlined above). Tools, while not an end in themselves and not the 

only means of solving problems, reduce environmental and social risks (Torrence 

1989a:58). As in the Wardaman Country example from above (Clarkson 2007), 

homogenous, highly siliceous material may be selected for producing maintainable 

tool-kits because it has greater fracture predictability, which reduces the risk for tool 

manufacture or resharpening failure. What we see in archaeological assemblages is 

the management of risk through the expenditure of time on technological production 

(Torrence 1989a:60). By identifying the risks of, or influences on, raw material 

management, archaeological expectations can be developed and tool-stone resourcing 

strategies identified.  
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DEFINING TOOL-STONE RESOURCING STRATEGIES  
Archaeological and ethnographic literatures describe a wide range of strategies used to 

manage supply of suitable tool-stone resources. For the purpose of this study these 

strategies are broadly categorised as: expedient use, waste minimisation, tool 

conservation and trade production. Each optimises different aspects of lithic technology 

to ensure supply of appropriate raw materials or time for other activities. 

Expedient use is defined here as the absence of systematic tool-stone conservation. 

Availability of tool-stone is harnessed to optimise time for other activities. Use is made 

of materials at hand, simple manufacture techniques are employed and unretouched, 

sharp edges used. Expedient use of tool-stone resources is common in areas of raw 

material abundance and in assemblages located near source material (e.g. Dibble 

1995; Marks et al. 1991; McCoy et al. 2011).For example, investigations in western 

NSW describe the use of cobbles of quartz, quartzite and silcrete, found in ubiquitous 

gibber pavements, for flake manufacture and these materials form the bulk of nearby 

artefact assemblages (Doelman 2008; Holdaway 2000; Shiner et al. 2007). Artefacts 

manufactured from these materials display little reduction, resharpening, use in specific 

tool classes like adzes or movement through the landscape.  

Waste minimisation and tool conservation strategies result from restriction, perceived 

or real, of tool-stone supply and describe the preferential movement of material through 

the landscape. A waste minimisation strategy seeks to optimise the tool-making 

potential of transported cores by maximising cutting edge production. As distance from 

a source increases, cores and flakes become smaller with greater numbers of flake 

removals stripping away the exterior cortical surface. This may lead to some 

standardisation in flake production, particularly if the shape of the outcropping tool-

stone is uniform or if the material is of sufficiently high quality to facilitate manufacture 

techniques that increase cutting edge to mass ratios such as blade production and/ or 

intensive reduction (e.g. Faulkner 2011; Doelman et al. 2001). Byrne (1980), for 

example, argues for a strategy for silcrete use at the Murchison coast that, with 

distance, leads to reduction of the raw material beyond what was perceived as the 

‘use-life’ closer to the source. Faulkner (2011) describes a similar strategy in an area of 

Willandra National Park, New South Wales, where the closest tool-stone source is over 

25 km away. Cores were extensively reduced and tool manufacture was aimed at 

conserving material through the production of short, wide flakes (Faulkner 2011:17). 

However, there is little retouch (7.5%, n=69), indicating that extending use-life through 

resharpening was not particularly important. These results suggest that hunter-

gatherers occupying the Willandra National Park area in the past used a waste 

minimisation strategy that maximised the number of flakes produced per core rather 
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than extending the use-life of tools through edge rejuvenation. Given the evidence for 

only brief visits to the area, Faulkner (2011:18) argues that this strategy facilitated the 

occupation of this tool-stone poor area during short-term, seasonal occupation.  

Waste minimisation and expedient use strategies appear at first glance similar within a 

flaked stone artefact assemblage. Both produce flakes and cores that become smaller 

and more reduced with distance from a source. What distinguishes them is evidence 

for preparation for transport and the higher frequency of one material over another, 

further from a source. By distinguishing these two strategies, differences in tool-stone 

resourcing can be identified even in areas characterised by abundant raw material 

sources where the need for formalised tools is limited (see also Douglass 2010). 

In contrast to waste minimisation, tool conservation seeks to optimise tool use-life by 

moving suitable flakes to meet anticipated future need and resharpening and reshaping 

flake edges. This may result in the manufacture of flakes for movement through the 

landscape in anticipation of future need. For example, blades, which have a high 

cutting edge to mass ratios (Kuhn 1994), might be manufactured or flakes, produced 

from cores away from a source, may be resharpened rather than discarded. It also 

acknowledges that production of the original flake may not have anticipated continued 

maintenance but might nonetheless be re-used and rejuvenated (Dibble et al. 

1995:266; Gould et al. 1971:163). On the Queensland coastline Lamb’s (2011) 

research at South Mole Island Quarry, Nara Inlet 1 and Border Island provides an 

example of tool conservation. Backed blades were produced from stone sourced at 

South Mole Island Quarry in relatively large quantities between 9,000 BP and 6,500BP 

and discarded at rockshelters within the newly forming Whitsunday island group (Lamb 

2011:82). These tools may have acted as reliable and maintainable implements in this 

changing environment. In western NSW, Doelman (2008) and Douglass (2010) provide 

evidence for another form of tool conservation. Large cortical flakes were selected at 

quarry locations and transported for use elsewhere in the landscape (Doelman 

2008:110; Douglass 2010:248). Both of these examples are argued here to represent 

selection of high-utility flakes with a maximum ratio of potential cutting edge to mass to 

increase the potential for maintenance and reshaping through retouch.  

For this study the term ‘tool conservation’ has been selected rather than ‘curation’, 

despite the commonalities between the uses of these terms. Curation, while a 

frequently employed term in archaeological literature, has a variety of definitions that 

sometimes incorporate the notion of waste minimisation (e.g. Bamforth 1986; Binford 

1979; Odell 1996; Shott 1996). Indeed waste minimisation is argued here to include the 

selection and shaping of cores at quarry locations in advance of use, transport to more 
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than one location, continued reduction and, potentially, recycling - all of which are 

familiar elements in discussions of curation (e.g. Bamforth 1986).  

Trade production reflects standardised product manufacture for movement away from 

the quarry and/or adjacent production areas. This management strategy seeks to 

optimise manufacture efficiency and product recognition for trade networks. The 

Moondarra ground-edge axe quarry in northwest Queensland presents a useful 

example of this strategy. Axe production was influenced by economic demands from 

intensifying trade relations from 500 BP onwards leading to specialised and 

standardised production techniques and uniform products (Hiscock 2005:298; Tibbert 

2005:205). These objects then entered a trade network and little use of the axes is 

evident, further reduction is rare and discard ratios remain constant over large 

distances (Hiscock 2005:295; Tibbert 2005:239).  

Like the motivations for tool-stone selection, different strategies of tool-stone 

management can occur simultaneously. Binford and O’Connell (1984) describe a visit 

to a quarry with Alyawara men in central Australia during which ‘men’s knives’ were 

produced and a large core was shaped for subsequent use. In both cases, the cost 

(time and resources) of visiting the quarry was high, a “big job” in the words of one 

Alyawara man, and initial core preparation was always undertaken at the site (Binford 

and O'Connell 1984:415). However, different strategies of raw material management 

were in evidence after this preparation through decisions regarding what material was 

returned to camp. ‘Men’s knives’, long, thin carefully selected flakes, were produced at 

the quarry for use elsewhere in the landscape presenting an example of tool 

conservation (Binford and O'Connell 1984:412). In contrast, the prepared core was 

destined for general purpose use and a waste minimisation strategy was employed to 

make the most of the cost involved in procurement, "…everybody hit 'em off as many 

as you can get before you make mistakes." (Binford and O'Connell 1984:415). It is also 

important to recognise that these strategies need not always be conscious decisions. In 

the example above, the large, prepared core may have been produced specifically for 

return to camp or it may have been a spur of the moment decision based on availability 

and the form of core produced while finding suitable knives. In both instances a waste 

minimisation strategy has been followed that describes choices relating to raw material 

resource management, regardless of conscious or unconscious intent. 

IDENTIFYING TOOL-STONE RESOURCING STRATEGIES 
Identifying these strategies in the archaeological record begins with an investigation of 

tool-stone movement. Expedient use takes advantage of availability, and movement of 

stone will be limited. In contrast, waste minimisation and tool conservation seek to 
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maintain supply of material and will result in preferential movement of tool-stone types 

managed in this way. Ethnographic accounts characterise hunter-gatherers in arid 

environments like the Weld Range as highly mobile, resulting in a limited capacity for 

transportation of goods (Bates n.d.-c:31/170; Cane 1989:113; Gould 1980:126). This is 

not to say that some materials, for instance baler shell, were not transported over vast 

distances (Akerman 1973:124-125) and that these materials might not be heavy and/ 

or awkward in the case of the ground edge axes and grindstone bases traded on the 

Mt Isa – Lake Eyre trade routes (McBryde 1987:262). Instead, it highlights the 

likelihood that movement of material away from a source reflects preferential selection 

(waste minimisation or tool conservation) rather than immediate use and discard of 

material at hand (expedient use).  

Raw material movement in the archaeological record is represented by discard 

behaviours and reflect the last movement of artefacts from their source, not the entire 

series of potential movements an artefact might have passed through. A refitting study 

by Close (2000) of artefacts within a 15 sq. km. area, near Bir Safsaf in southwestern 

Egypt, illustrates the complexity of artefact movement that the static remains of the 

archaeological record present. For example, one series of refits indicates that flakes 

were struck from the same core at five separate locations with persistent movement 

back and forth between two locations (Close 2000:64). While this presents a problem 

for studies of mobility and procurement strategies (Kelly 1992:54), particularly when 

raw material sources are complex or ill-defined as they are in the Weld Range, it is a 

benefit when identifying preferential selection. Discard locations recorded in the Weld 

Range data set describe the minimum distance that an item has travelled. If 

preferential movement is still evident it strengthens the argument for preferential 

selection. 

Lithic technological analysis presents further lines of evidence for tool-stone resourcing 

strategies. Stone tool production and use is a reductive process in which a series of 

choices are made consciously and unconsciously by individuals in order to manage 

environmental, functional, social, political and economic pressures (Sillar and Tite 

2000:4). Stone artefact assemblages, whether viewed at a landscape, site or feature 

level, can be conceptualised as reflecting the ‘flow’ of artefacts from procurement to 

manufacture, use and discard (Schiffer 1972). The strategies outlined above (expedient 

use, waste minimisation, tool conservation and trade production) are potential options 

within this ‘flow’ and are indicated by the attributes of individual artefacts comprising 

these assemblages. The relative proportions of artefact type, degree of core and 

unmodified flake reduction and relative abundance of retouch within an assemblage 
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reflect the strategy or strategies employed by Wajarri people in the past to manage the 

supply of suitable tool-stone (Table 2.1).  

Table 2.1. Predicted features of archaeological assemblages created by different tool-stone resourcing 
strategies. 

 Tool-stone management strategy Behavioural expectations 
 Features of the Predicted Archaeological Assemblage 

Expedient use 
Optimise: Time on other activities 

Use of the material at hand 
 Dominance of closest tool-stone 

Use of simple manufacture techniques 
 Little – no core preparation 

Preference for a sharp edge 
 Little core reduction 

Little – no standardisation of shape and size 
 Retouch is rare 

Waste minimisation 
Optimise: Tool-making potential 
 

Evidence for the removal of cores from quarry assemblage 
 Higher proportion of cores outside the quarry assemblage 
 Core and flake size remains relatively high because of the introduction 

and use of cores little reduced since selection at the quarry 
Maximisation of edge production 
 Intense core reduction evident 
 Retouch is rare and/ or present in similar proportions regardless of 

distance from quarry 
 Standardisation in flake production may be evident 

Tool conservation 
Optimise: Tool use-life 

Evidence for the removal of flakes from quarry assemblage 
 Flake class size absent from quarry assemblage 
 Cores become smaller with distance from a quarry but flakes remain 

similar in size because of the introduction of moved flakes 
Continued maintenance 
 Higher than average proportion of retouch 

Maximise cutting edge to mass 
 Standardisation in flake production/ selection 

Trade production 
Optimise: Manufacture efficiency and 
product recognition for trade 
networks 

Technological standardisation 
 Staged sequence of manufacture with discrete activity areas  
 All stages of the production sequence evident at the quarry 
 Broken and/ or cached products left at the quarry 

Product standardisation 
 Uniform products  

 

TOOL-STONE RESOURCING STRATEGIES AS EVIDENCE FOR SELECTION 
MOTIVATORS 
An overarching concern of the research discussed here are the motivations for tool-

stone selection that might be evident in stone tool assemblages of the Weld Range. 

The tool-stone resourcing strategies discussed here represent ways of optimising raw 

material supply and can be used to infer the perceived need/s or motivation/s for tool-

stone selection.  

Expedient use of tool-stone capitalises on resource abundance and so reflects the 

selection of material because of its availability and accessibility. Existing preliminary 
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analysis of the consultancy data set presents evidence for expedient tool-stone use as 

the primary resourcing strategy employed by Wajarri people at the Weld Range in the 

past (Eureka 2010b:117 ). Assemblages are dominated by materials with sources 

recorded within five kilometres of sites but with some movement of quarried material 

into creekside artefact scatters evident (Eureka 2010b:216). The small proportion of 

retouched flakes has been argued in consultancy reports to reflect abundant supply of 

tool-stone with little need for resharpening and reshaping (Eureka 2010b:217). In 

contrast, waste minimisation and tool conservation strategies would seem anomalous 

in a tool-stone rich environment such as the Weld Range. Both strategies seek to 

optimise availability, often as a result of raw material scarcity. Use of these strategies in 

a raw material rich area is most likely to reflect social, functional, political and/ or 

economic motivations. The experimental knapping program will facilitate assessment of 

functional motivations by describing flake manufacture predictability. Furthermore, the 

context of preferentially selected materials affords insight into which motivators are 

guiding selection and how they interact. For example, selection of one material to 

produce a specific tool type (e.g. an adze or blade), when other tool-stone from 

outcrops with similar flaking properties are available, may suggest social or economic 

motivations.  

Like waste minimisation and tool conservation, a wide range of factors can motivate 

trade production strategies. A functionally suitable outcrop must be available and the 

tool-stone should be sufficiently unique to foster product recognition. There must also 

be a consumer base for the product and a trade network of social relationships and 

political influence through which the product can move. Formalised production at or 

near the tool-stone source may be identified and product movement over short 

distances established during this study. However, identification of a trade production 

strategy and the corresponding interconnected motivations for tool-stone selection 

related to this strategy will require further survey at ever greater distances from the 

source as well as geochemical analysis.  

CHAPTER SUMMARY 
Ethnographic observations and archaeological research demonstrate a diversity of 

motivations influencing tool-stone management including availability, physical 

characteristics, social preference, economic value and political alliances. By 

determining different costs and benefits in the Weld Range environment, four 

management strategies were identified that manage these challenges: expedient use, 

waste minimisation, tool conservation and trade production. Expectations for stone 

artefact assemblages created by these strategies were outlined. This chapter has 

developed a framework for identifying and interpreting the motivations for these 
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strategies. In the following chapter (Chapter 3), a project background will provide an 

environmental and archaeological context of this project.
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CHAPTER 3. ENVIRONMENTAL AND 
ARCHAEOLOGICAL CONTEXT 
The Weld Range is situated in the eastern portion of the Midwest region of Western 

Australia. It has its own climate, geology, hydrology, flora and fauna that distinguish it 

from other parts of the arid zone. As a result, the Weld Range presents a unique 

patchwork of resources that would have influenced past Wajarri lifeways. While this 

thesis investigates past Wajarri decision-making about tool-stone selection and tool 

manufacture, other resources provide the context within which Weld Range raw 

material economies operated. Regional and local archaeological research is also 

considered in the chapter (Chapter 3). Previous studies provide some chronological 

context for the project as well as identifying archaeological examples of other resource 

management strategies.  

ENVIRONMENTAL CONTEXT 
Definitions of the geographic extent of the Midwest region, in which the Weld Range 

lies vary, but are here defined by the Geraldton Native Title region (Figure 1.1). It 

extends from the coast at Geraldton in the south and Exmouth in the north with the 

eastern boundary near Meekatharra in the north and Sandstone in the south. 

The Weld Range is located in the arid zone of Australia (Gentilli 1972), which is 

characterised by a low annual rainfall and high evaporation (Figures 3.1 - 3.2). At the 

nearby township of Cue, mean annual rainfall is only 233.5 mm (Commonwealth of 

Australia Bureau of Meterology 20 February 2014). Rainfall is most predictable in 

winter (May – August) when frontal systems move east across southern Western 

Australia (Commonwealth of Australia Bureau of Meterology 20 February 2014; Curry 

et al. 1994:10). Average temperatures at this time of year range from 7-11°C at night to 

18-23°C during the day (Commonwealth of Australia Bureau of Meterology 20 February 

2014). During summer months (November-April) the Midwest region experiences hot, 

dry conditions as a result of prevailing high pressure systems in the Australian Bight 

(Beard 1976:13; Curry et al. 1994:10). Average daily temperatures remain above 30°C 

from November to March and maxima exceed 42°C at least once a year 

(Commonwealth of Australia Bureau of Meterology 20 February 2014). Cyclones and 

other tropical low-pressure systems are a significant feature of Midwest summers and 

bring localised and heavy rainfall, often resulting in flooding events (Beard 1976:13; 

Curry et al. 1994:10-11). During the remaining months of the year (September to 

October) rainfall is scarce and temperatures steadily rise from winter lows 

(Commonwealth of Australia 20 February 2014). Peak temperature never coincides 

with peak rainfall resulting in an absence of assured growth periods and indicating 
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desert conditions (Beard 1976:18). Furthermore, the 120 year mean of annual rainfall 

at Cue masks a great deal of variability and high rainfall years are often followed by 

very dry periods (Figure 3.3; Curry et al. 1994: 16, 19). For Wajarri people living in this 

arid climate, drought would be an annual concern.  

 
Figure 3.1. National annual rainfall (Commonwealth of Australia Bureau of Meterology 26 October 2011). 

 

 
Figure 3.2. National annual evaporation (Commonwealth of Australia 30 January 2012). 
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Figure 3.3. Cue annual rainfall (mm) 1895-2011 (Commonwealth of Australia 20 February 2014). 

 

Geology 
Situated on the Archaean Yilgarn Craton and formed 2,800 – 2,733 Ma as part of the 

Polelle Group, the Weld Range is one of a series of greenstone ridges that interrupt the 

gently undulating plains of the Midwest region (Durring and Hagemann 2013b:343; 

Elias 1982:2; Ivanic et al. 2010:605). BIF outcrops in the Weld Range have been 

subject to folding, faulting, volcanic intrusions, erosion and deposition (Elias et al. 

1983). Investigation of Weld Range iron ore deposit formation describes five types, 

differing genetically and compositionally, as a result of deformation events and 

weathering processes (Durring and Hagemann 2013a, 2013b). Haematite-rich 

(between 20-60%) jasperlite predominates the BIF ridges comprising bands of silica, 

magnetite and iron silicates (Elias 1982:7). Sections of the Weld Range are also made 

up of fine-grained, recrystalised, banded cherts or fine, granular quartzite (Elias et al. 

1983).  Outcrops of BIF suitable for tool manufacture occur as very low ridges up to 1 

m in height associated with expanses of tabular cobbles (Figure 3.4). As a result of 

metamorphic processes, these outcrops of tool-stone have variously been described in 

heritage consultancy reports (Eureka 2008; 2009:a-c; 2010:a-e; 2011:a-c; 2012:a-b)  

as BIF, chalcedony, chert, ironstone, jasperlite, mudstone, quartzite and siliceous 

sediment based on macroscopic characteristics such as colour, banding, opacity and 

grain size. Metamorphosed BIF cobbles also include areas and/ or bands of quartz, 

weathered surfaces, internal flaws and micro fractures. 
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Figure 3.4. View south across a quarried BIF outcrop surrounded by tabular cobbles (tape = 1 m). 

 

In addition to the BIF, intrusive dolerite forms up to 90% of the sequence thickness at 

Weld Range (Elias 1982:7). Outcrops of dolerite suitable for flake stone tool 

manufacture occur as large bounders and rounded exposures up to 2 m in height and 

surrounded by rounded and semi-angular cobbles (Figure 3.5). Basalt outcrops 

identified to date are finer-grained and/ or darker coloured outcrops of dolerite probably 

formed by lava flow along fault lines (Holmes 1965:109). Quartz is also common 

throughout the Weld Range outcropping as boulders up to 1.5 m high and as cobbles, 

often in secondary context, that have formed as a result of metamorphic processes and 

erosion of surrounding sediments (Figure 3.6, Elias 1982, p. 7).  

 
Figure 3.5. View south showing outcropping dolerite boulders and surrounding cobbles (l-r: Raymond Carbine, 

Ansell Egan, Carl Hamlett and Kendal Hamlett). 
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Figure 3.6. View north showing outcropping quartz boulders and surrounding cobbles (Vicky Winton). 

 

The landscape surrounding the greenstone ridges of the Weld Range comprises 

undifferentiated Archaean granites, forming low hills and domes interspersed by wide, 

shallow valleys (Elias 1982:13). Quartz outcrops as low hills or as seams in granite 

dome formations and occurs as gravels (Elias 1982:11, 13). Granite outcrops also 

provide a source of stone for producing grinding implements and are sometimes 

suitable for flake production as described by the small number of granite flakes 

recorded in the Weld Range data set (n=34; Figure 3.7). Alluvial fans and scree slopes 

extend along the base of the Weld Range meeting extensive alluvial and colluvial 

plains that form a large component of the Midwest landscape (Elias 1982:3). 

Throughout, shallow sandy soils (predominately quartz with areas of clay, silt and 

conglomerate) formed by erosion of Archaean bedrock and, particularly on the 

footslopes of the greenstone ridges, are overlain by gravels (Mabbutt et al. 1963:13). 

Creek beds and gravel patches are dominated in different areas of the Weld Range by 

BIF, ironstone, quartz, dolerite and chalcedony with clast size averaging 5 – 15 cm but 

ranging up to 30 cm (Figure 3.8). A chert outcrop situated on these alluvial plains north 

of the Weld Range, and emerging from the sandy plains, may represent brown 

siliceous cap rock, which overlays greenstone belts in the Yilgarn Craton (Elias et al. 

1983). 
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Figure 3.7. View north across a series of low granite domes. 

 

 
Figure 3.8. View south east across a gravel patch containing quartz, BIF and ironstone cobbles ranging from 1 

cm -10 cm. 

 

North and south of the Weld Range breakaway formations, a conspicuous feature in 

the Midwest region, occur on interfluves and at the heads of drainage lines (Figure 

3.9). They were formed during the Quaternary by erosion of Early Tertiary duricrust 

surfaces creating mesa-like, crescent shaped rises up to 20 m in height (Curry et al. 

1994:21; Mabbutt et al. 1963:17). Like elsewhere in arid Australia, pedogenic silcrete 

outcrops have formed in these duricrust surfaces as a result of low-temperature 

surface or near-surface silicifcation of weathered bedrock, regolith and/ or 

unconsolidated sediments (Webb and Domanski 2008). The intersection of different 

geological formations in and around the Weld Range, in addition to producing abundant 
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outcrops of diverse tool-stone types, created varied hydrological structures and 

resource zones in close proximity.  

 
Figure 3.9. View west towards a breakaway formation. 

 

Hydrology 
The Weld Range forms part of the watershed between two different, regional drainage 

patterns. To the north and west the primary regional drainage system is the Murchison 

River Catchment that flows west towards the Indian Ocean. It is fed by the Yalgar River 

and Whela Creek to the north of the Weld Range and the Roderick and Sanford Rivers 

to the south and west (Figure 1.1; Curry et al. 1994:23-24). South-east and east of the 

Weld Range, alluvial flood plains and other drainage flows into inland salt lakes such 

as Lake Austin (Curry et al. 1994:21, 29). These systems are rarely active, with stream 

flow restricted to brief periods during seasonal flooding events.  

Major drainage lines intersect the Weld Range in the central-west and further north 

where the BIF ridges begin to strike along a north-south alignment. These drainage 

lines flow north towards the Whela Creek catchment (Mabbutt et al. 1963: Map Sheet). 

While water quality is generally fair, Mabbutt et al. (1963: Map Sheet) note areas of 

saline water. Within the Weld Range, deeply incised creek lines and gullies fed by 

more ephemeral drainage systems have formed between the BIF ridges and hold water 

for up to a month after heavy rain (personal observation 2010). Alluvial flood plains 

south of the Weld Range drain towards Lake Austin (Curry et al. 1994:29). A large 

claypan has formed to the north of the Weld Range and fills after heavy and/ or 

persistent rainfall (Figure 3.10). Wajarri Traditional Owners call this place a ‘food bowl’ 

emphasising the importance of it and other nearby claypans as seasonal water sources 

associated with abundant food resources (Lance Mongoo pers. comm. 2009; O'Neill 
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and Jordan 2007). This abundance is reflected in the diversity of plant and animal 

species associated with these claypans (Ecologia 2010:51-52).  

 
Figure 3.10. View of the large claypan and alluvial plain northwest from the Weld Range 

 

Rockholes have formed in outcropping granite domes to the north; small areas of 

laterite in the BIF ridges; and within the duricust tops of the breakaway formations 

(Figure 3.11). They range in size from 0.1 m to 10 m in diameter at the aperture 

accessing larger cavities in the laterite formations and duricrust capping (Eureka 2008, 

2009a, 2009b, 2009c, 2010d, 2010e, 2011b, 2011c). Some of these rockholes may 

access the extensive ground water aquifers of the Midwest region (Curry et al. 

1994:27). Wajarri Traditional Owners also note that rockholes were sometime created 

artificially by lighting a small, hot fire to heat the laterite or duricrust above sub-surface 

cavities then rapidly cooling with water (pers. comm. Colin Hamlett 2009; Brendan 

Hamlett 2014). This process was repeated until the heat shattered surface was 

removed and a sub-surface cavity was reached. Gunn and Webb (2003:28) make a 

distinction between rockholes as large bedrock depressions, similar to the Weld Range 

rockhole examples A and C in Figure 3.11, and gnamma holes comprising sub-

cylindrical holes formed in granite, like example B. They suggest that these differences 

may have influenced water management strategies. Rockholes, while having a greater 

water storage capacity, also have wider apertures facilitating evaporation. In contrast, 

gnamma holes can be capped and store water for longer but the quantity of water is 

lower. However, given the yearly variation in rainfall, the permanence of even sub-

surface water sources such as covered gnamma holes is questionable. Careful 

management of water resources as well as planning of activities and settlement 
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patterns with respect to water availability would have been essential for managing 

drought risk. 

   
Figure 3.11. Example of rockholes located in granite domes emerging from alluvial plains north of the Weld 
Range (A); laterite formation in the Weld Range (B); duricust capping on top of a breakaway formation (C). 

 

Vegetation 
The Weld Range is situated in the Eremaean Botanical Province, characterised by low, 

mulga (Acacia anurea) woodland and scrub (Beard 1976:9). Vegetation on steep BIF 

ridges comprises open Acacia spp. woodland dominated by A. aneura and A. 

quadrimarginea with an understory of Eremophila spp. and Ptilotus spp (Beard 

1976:56). Localised studies in the Weld Range have identified seven vegetation 

communities and 17 sub-communities (Ecologia 2010; Markey and Dillon 2008). 

Markey and Dillon (2008:164) note that Weld Range flora includes taxa from the 

adjacent Pilbara, Avon, Wheatbelt, Mallee and Coolgardie regions. As in other similarly 

isolated Yilgarn Craton, BIF range environments, the floristic communities of the Weld 

Range are rare (Conservation 2007:2). 

Ethnographic information and ethno-historic accounts of Wajarri land use highlight the 

utility of Weld Range vegetation communities. Seed from Acaica aneura (mulga), A. 

grasbyi, A. ramulosa var. linophylla, A. tetragonophylla and Bulli Bulli (Tecticornia 

arborea) were important staples in Wajarri diet and used to support large gatherings of 

people visiting the Weld Range, Wilgie Mia and nearby law grounds (Bates 1985:205, 

273, 282; Leyland 2002:31; O'Neill and Jordan 2007; Tindale 1974:144-145). Wajarri 

Traditional Owners have identified a range of other foods in the Weld Range including 

fruit from gooseberry shrubs (Solanum ellipticum), wild pears (Marsdenia australis) and 

wild onions (Cyperus bulbosus), and nuts from Sandalwood trees (Santalum spicatum)  

and Quandong trees (Santalum acuminatum; Leyland 2002:; Colin Hamlett pers. 

comm. 2010). Plants were used for a variety of other tasks. A wide range of medicinal 

plants are described by Wajarri Traditional Owners (Leyland 2002). Hardwood species 

such as Beefwood (Grevillea striata) were used to produce wooden implements 

including carrying dishes, spears, shields, digging sticks, clubs and as part of 

A B C 
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composite tools such as adzes (Brendan Hamlett pers. comm. 2010; Bates n.d.-

d:31/65).  

Fauna 
The Weld Range is home to a range of animal species that were, and continue to be, 

used by Wajarri people. Zoological surveys in the area have identified 17 mammal, 80 

bird, 44 reptile and one amphibian species (Ecologia 2009:34). Faunal remains 

recovered from excavation at Wilgie include another three, now extinct, species of 

small marsupials (Baynes 1984). Ethnographic sources (Bindon 1986; Brehaut et al. 

2001; Brown 1987; Juluwarlu Aboriginal Corporation 2005) from elsewhere in the 

Australian arid zone indicate Aboriginal groups exploited most of these animals. In 

particular, euro (Macropus robustus), echidna (Tachyglossus aculeatus), emu (Dromais 

novaehollandae) and several species of lizard and goanna (predominantly Voranus 

spp.) were important meat sources for Wajarri Traditional Owners (Colin Hamlett pers. 

comm. 2010). Animals also provided other useful resources. For instance, Bindon’s 

(1986:38) investigation of fire use and the archaeological signature of game pits near 

Wiluna in the adjacent Goldfields region describes the importance of large game as a 

water source. Once the kangaroo carcass was gutted and singed to remove the hair, 

all cavities were sewn together to capture the cooking juices for consumption. 

Additionally, bones were sometimes used as implements and for nose piercings, while 

tendons were employed to manufacture composite tools and kangaroo skins used to 

cache seeds (Bates n.d.-d:31/63, 31/68-69; Tindale 1974:144-145). 

ARCHAEOLOGICAL BACKGROUND 
The Midwest remains archaeologically little researched (Winton et al. 2010). A 

significant body of information, collected during heritage consulting surveys, remains as 

grey literature held by State departments, Aboriginal representative bodies, consultants 

and clients. It is subject to confidentiality agreements that make it difficult to view. 

However, the small number of published studies provide some insight into the regional 

chronology of occupation and localised research of tool-stone, ochre and fuel wood 

illustrate a diversity in past resource management.  

Available radiocarbon dates describe colonisation of the inland Midwest by the early 

Holocene, with initial occupation at Walga Rock (called Walgahna by Wajarri 

Traditional Owners) dated to 9,950±750bp (Ly1847, Bordes et al. 1983:4).  It is unclear 

if the lack of Pleistocene dated sites results from an absence of occupation or sample 

size, with published radiocarbon dates available for only eleven sites (Bordes et al. 

1983; Byrne (nee Taylor) et al. 2013; Crawford 1980; Davis et al. 1977; Webb 1996). 
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Certainly, Pleistocene occupation is well-established for adjacent regions (O'Connor 

and Veth 1996; O'Connor et al. 1998; Slack et al. 2009; Turney et al. 2001).  

Occupation of the Midwest continued throughout the Holocene. Webb (2000:98) has 

argued that increasing stone artefact discard at excavated sites indicates a growing 

regional population along. This was coupled with changes in frequency of visits and 

site usage during the mid-late Holocene. Stone artefact discard increases at Walgahna 

from 3,820±200bp (Ly 2099) and coincides with the introduction of new tool types such 

as geometric microliths, backed artefacts and blades. Mid-late Holocene dates for initial 

occupation at a Billibilong Spring (5,340±300bp Gif 4903, Bordes et al. 1983: 8, 16) 

and seven other breakaway shelters in the Midwest (3,420±60, Wk-2206 to 870±45, 

Wk-2209Davies et al. 1977:180; Webb 1996:21) may also indicate the need to occupy 

new locations due to population pressure. However, as with Pleistocene occupation, it 

is unclear how the small number of excavated sites may contribute to perceived 

changes in population density and site usage. The fragility of the breakaway 

formations, in which Webb (1996) and Davies et al. (1977), excavated may also have 

resulted in the erosion of early Holocene and Pleistocene deposits. This may have 

artificially inflated the number of sites first occupied in the mid-late Holocene (Gunn and 

Webb 2002:21). Recent excavation in the Weld Range highlights the potential for 

rockshelters in more stable formations such as BIF ridges to preserve archaeological 

deposits of greater antiquity. Non-basal dates from Weld-RS-0731, a laterite 

rockshelter located on the northern slopes of the Weld Range, indicate over 5,000 

years of occupation (Byrne (nee Taylor) et al. 2013).  

The relationship of these dated assemblages to the ubiquitous surface stone artefact 

scatters of the Midwest remains unclear. Billibilong Springs is the only excavated open 

site. The youngest date of 2,030±330bp (Ly 1810) was obtained from the base of Layer 

2 and was most likely deposited by sheet wash and colluviation (Bordes et al. 1983:13, 

16). In contrast, Bordes et al. (1983:16) argue that the surface layer, comprised of 

aeolian deposits, dates to the last “few hundred years”. This suggests a late Holocene 

age for surface deposits on active flood plains in the Midwest region, with stratified 

archaeological deposits preserved below. Additional evidence for the age of surface 

assemblages comes from two excavated hearth features near Wiluna in the adjacent 

Goldfields region (Bindon 1986). Roasting pits dug into the stable late Tertiary/ early 

Quarternary hardpan at Yapukarampi and  Uramurdah Claypan date to 1,040±80BP 

(SUA 1114) and 4,090±100BP (SUA 1229) respectively and indicate a mid-late 

Holocene age for local surface stone artefact scatters (Bindon 1996: 136). An 

association of stone artefacts and ‘Murchison cement’, a widespread silicified colluvium 

thought to be older than 37,000 years (Bordes et al. 1983:20; Wyrwoll and Dortch 
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1978), highlights the potential antiquity of the hardpan gravel flats immediately north of 

the Weld Range. However, recent geo-archaeological analysis of Murchison sediment 

at Ballinu Spring describes the influence of flooding, reworking and re-precipitation in 

the formation of this sediment unit, with the need for further dating and analysis of the 

relationship between these sediments and archaeological material (Murszewski 2014). 

Therefore the relationship between these previously dated archaeological contexts and 

the surfaces described for the Weld Range remains uncertain.  

Compared to the limited information describing regional chronology, resource selection 

and management is better understood. An important Australian tool-stone resourcing 

analysis (c.f. Doelman 2008:3, 5; Hiscock and Mitchell 1993:79; Lamb 2011:3; Shiner 

2008:68-69) is Byrne’s (1980) investigation of raw material management near the 

Murchison River mouth. Focusing on an area stretching 35 km inland from the coast, 

Byrne (1980:110, 113) recorded 46 surface stone artefact scatters and all but four of 

these contain silcrete artefacts that he assumed to be sourced from a single quarry. 

Site assemblages were conceptualised as reflecting the ‘flow’ of an artefact from 

procurement, to manufacture, use and discard, as defined by Schiffer (1972; Byrne 

1980: 111-112). Near the quarry, an expedient use of silcrete is evident with high 

proportions of artefacts larger than the average size of all artefacts recorded (Byrne 

1980:113-114). Modelling silcrete transport and use in assemblages at increasing 

distance from the quarry illustrated the effect of diminishing supply (Byrne 1980:112). 

The proportion of silcrete artefacts decreased with distance, while other locally 

available materials became more common (Byrne 1980:113). This corresponded with 

diminishing artefact size and core discard which suggested increased reduction of 

quarried silcrete (Byrne 1980:114). Byrne (1980:117-118) infers a change in the 

perceived use-life of silcrete tools. People most likely discarded objects much later in 

the possible use cycle further from the quarry. The proportion of retouched flakes 

however, remains constant. Byrne (1980:117-118) argues that supply was managed 

through waste minimisation rather than tool rejuvenation. While this study was unable 

to investigate the temporal nature of silcrete resource management, the value of spatial 

context in understanding resource supply was emphasised (Byrne 1980:112). 

Variety in tool-stone resourcing strategies is evident in other Midwest assemblages. At 

Walgahna and Billibilong Springs nearby outcropping quartz dominates both 

assemblages indicating expedient use of available materials (Bordes et al. 1983:6, 18). 

Gunn and Webb (2002:55) in a study of eastern Midwest rock-art sites, also note a 

high proportion of quartz in associated stone artefact assemblages. Intensive use of a 

local and abundant tool-stone, in this case quartz, conforms well to the pattern of 

supply described by Byrne (1980:117). That said, Gunn and Webb (2003) also 
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describe use of tool-stone not immediately available at recorded sites. For example, 

BIF artefacts recorded at Afghan Rock may have been sourced from the Weld Range 

some 15 km to the north (Gunn and Webb 2003:82). At Walgahna, silcrete used to 

produce a small number of artefacts at the site is not immediately available and may 

have been sourced from large silcrete quarries elsewhere in the Cue district (Bordes et 

al. 1983:6). Australian experimental fracture mechanics and knapping studies indicate 

that silcrete fractures more predictably than quartz (Doelman et al. 2001:21; Domanski 

et al. 1994:200; Witter 1992:43) and its transport to Walgahna may have supplemented 

locally available quartz sources of variable quality. There is further regional evidence 

for preferential selection of fine-grained materials that may have physical 

characteristics that increase control and predictability in manufacture (Cotterell and 

Kamminga 1987:677). A preference for “non-quartz”’ retouched flakes is noted at 

regional rock-art sites (Gunn and Webb 2003:83) and Bordes et al. (1983:18) describe 

a preference for “siliceous ‘cherty’ rock” when producing retouched microlithic tools at 

Billibilong Springs.  

These studies illustrate the influence of convenience and fracture mechanics on 

resource management but the potential effects of socio-economic and political factors 

remains unclear. Ochre, by contrast, is identified in the ethno-historic record of the 

Midwest as a culturally significant resource used to symbolise group identity, rites of 

passage and economic and political relationships (Bates n.d.-b:; Colin Hamlett pers. 

comm. 2011; Woodward 1914). For example, Wajarri Traditional Owners describe the 

use of red ochre to mark family group identity (Carl Hamlett pers. comm. 2009).  A 

hand stencil would be made in a rockshelter associated with that family when a young 

woman married in to the group or when a child reached a certain age. 

The ethnographically significant ochre source Wilgie Mia, located towards the centre of 

the Weld Range, illustrates the role of trade production strategies in supplying long 

distance socio-political and economic networks. In use for over 1,000 years, ethno-

historic accounts suggest that high quality red ochre mined at Wilgie Mia was traded 

across Western Australia (Clarke 1976; Crawford 1980; Davidson 1952; Kretchmar 

1936; Savage and Dennison 2006; Smith 2013; Smith and Fankhauser 2009; 

Woodward 1914). This is supported locally by geochemical provenancing of ochreous 

ironstone found 15 km north of the Weld Range (Scadding and Wattling 2012) and 

pigment from rock art at Walgahna (Clarke 1976). An early account of Wilgie Mia 

describes production of compacted pure ochre balls for long distance trade (Woodward 

1914:88). Scaffolding and tunnelling were used to access the highest quality seams, 

with inferior ochre left outside. In contrast to this and perhaps illustrating local use of 
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Wilgie Mia ochre, ironstone rock fragments with seams of ochre have been sourced 

north of the Weld Range (Scadding and Wattling 2012).  

While selection and use of ochre, as with other resources, is often viewed in isolation it 

is in fact part of an interconnected system. Recent investigations of fuel wood 

management at rockshelter site Weld-RS-0731, located on the northern slopes of the 

Weld Range, illustrates the embeddedness of resource procurement within broader 

subsistence and cultural behaviours, which in turn influences selection (Byrne (nee 

Taylor) et al. 2013). Anthracological analysis of charcoal samples shows that charcoal 

assemblages from anthropogenic fire residues dated to c. 4,000 years and c. 400 years 

BP reflect use of riparian vegetation communities in addition to hillslope vegetation 

communities found in the immediate surrounds (Byrne (nee Taylor) et al. 2013:103). 

Byrne (nee Taylor) et al. (2013) argue that fire wood collection occurred near water 

sources as part of other subsistence activities. Decisions about resource selection and 

management of one resource were influenced by decisions about another. It should 

also be noted that the anthracological analysis evidences selectivity over distances of 

only 2 km (Byrne (nee Taylor) et al. 2013:102), mirroring short distance tool-stone 

selectivity described in the Stud Creek Catchment, western NSW (Doelman et al. 

2001:28) and illustrating the potential for similar short distance selectivity for tool-stone 

resources in the Weld Range. 

The Weld Range 
In the somewhat limited academic publications for the Midwest region, the Weld Range 

is often noted in relation to the Wilgie Mia ochre mine. However, the rich and diverse 

archaeological record of the Weld Range is only beginning to be described. As with the 

broader Midwest region, these initial analyses indicate a range of management 

strategies were deployed to take advantage of the variety of local resources.  

In a synthesis of heritage compliance survey results and existing records obtained from 

the Western Australian Department of Indigenous Affairs’ Register of Aboriginal Sites 

(the Register), Winton et al. (2010) identify an archaeologically varied landscape. 

Temporally and spatially overlapping occupation events are described by large and, in 

places, relatively dense stone artefact scatters. Yet discrete, refitting knapping 

episodes are visible indicating strong archaeological integrity. A wide range of site 

types, including artefact scatters, quarries, water sources, rockshelters, stone 

arrangements and rock art, are recorded. These archaeological features attest to the 

diversity of activities Wajarri ancestors carried out in the Weld Range, from the 

everyday practice of food processing and tool manufacture to the transfer of cultural 

knowledge and sacred practice. Furthermore, the high proportion of artefact scatters 
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and quarries indicate that Weld Range may have been an important source of tool-

stone, as it was (and still is) for ochre. Winton et al. (2010) suggest that density of 

archaeological material is indicative of a regional importance for the Weld Range as a 

resource catchment.  

In addition to the expedient use of local tool-stone described by analysis undertaken for 

heritage consultancy (e.g. Eureka 2011a:312), other resource management strategies 

have been identified. The movement of one resource (toolstone) into proximity of 

another (mulga seed) is evident on the flat, sandy plains north of the Weld Range. This 

area is strewn with grinding material, cores, flakes and manuports (Eureka 2011a). Yet, 

there is no natural mechanism for the presence of these anomalously large clasts.  

Instead, this accumulation of tool-stone bears a striking resemblance to the ‘lithification’ 

of the sandy plains of the Kinchega National Park, in western New South Wales (Webb 

1993). Here Webb (1993:109) offers two explanations for this labour intensive process: 

an economy of scale may have been gained by transporting large cobbles rather than a 

series of smaller but higher quality pieces; or, the need for large, relatively flat cobbles 

for grinding and pounding tasks.  In the Weld Range where the distance of transport 

was much smaller, 5-10 km compared with 40-80 km, Eureka (2011a:314) suggest that 

the woodland of seed-bearing mulga (Acacia anurea) and Hop Mulga (Acacia 

craspedocarpa) presented an attractive resource but required the movement of tool-

stone into the area for processing. 

One of the clearest examples of resource management in the Weld Range are the 

caches identified by Wajarri Traditional Owners (Eureka 2008:120, 2009c:136, 

2010e:82). These features are found in hollows within rockshleter walls. Oral history 

recounts seed use in Australia’s arid zone and Wajarri traditional knowledge indicate 

that seeds were wrapped in kangaroo skins and stored in rockshelters for future use 

(Tindale 1974:145; Colin Hamlett pers. comm. 2009). Some caches were/ are used to 

store ritual items, while the purpose of others remains unknown (Colin Hamlett 

pers.comm. 2009). Little is known about the content and role of these features in 

Wajarri social life and resource management but caches indicate the long-term nature 

of some local resource management strategies. 

CHAPTER SUMMARY 
The arid environment of the Weld Range would have presented challenges to Wajarri 

people occupying this place in the past with drought an annual concern. Yet, the Weld 

Range also lies at the watershed between to regional hydrology systems and the 

folded and faulted geology has created an abundance of tool-stone resources as well 

as environments suitable for a diversity of flora and fauna. Regional and local 
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archaeological studies, while scarce, demonstrate the diversity of resource 

management strategies employed by Aboriginal people living in the unpredictable 

environment of the Weld Range and, more widely, the Midwest. This research also 

indicates that a variety of motives drove resource management. Given the range of 

resource management strategies previously described for other resources such as 

ochre, seeds and fuel wood and the observations of tool-stone management noted by 

regional and local analyses, it seems probable that tool-stone management in the Weld 

Range was complex and influenced by a range of motivations. 
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CHAPTER 4. MATERIALS 
This study takes up the challenge of translating information collected for heritage 

consultancy purposes into research outcomes. The complexities of, and influences on, 

tool-stone management in the Weld Range described in Chapters 2 and 3 are 

investigated using the Weld Range data set. This chapter describes how the Weld 

Range data set was constructed. The challenges of using information collected in a 

consultancy framework and from surface stone artefacts assemblages are discussed. 

This chapter concludes with an evaluation of how this material can be used to answer 

the questions raised by this thesis.  

THE WELD RANGE DATA SET 
The Weld Range data set comprises artefact and quarry records collected during 

systematic recording of 118 sq. km. in and around the Weld Range (Figure 4.1). It 

comprises 190 quarries, including some containing quarried outcrops of multiple 

materials, and 30,364 stone artefacts manufactured from fourteen tool-stone types, of 

which 14,346 have metric and technological details recorded (Figure 4.2, Table 4.1). 

 
Figure 4.1. Area surveyed in and around the Weld Range (approximate extent only to mask the proposed 

infrastructure footprints and drilling targets of proponents). 
 

N 
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Table 4.1. Composition of the Weld Range data set. 

Raw material type Quarried 
outcrops Stone artefacts 

Technological 
and metric 
attributes 
recorded 

Basalt 3 34 3 
BIF 98 12575 7487 
Chalcedony 17 3649 1818 
Chert 15 3058 1486 
Dolerite 30 1787 547 
Granite 0 34 17 
Ironstone 15 899 327 
Jasperlite 12 491 157 
Mudstone 1 517 354 
Quartz 21 5536 1743 
Quartzite 3 418 158 
Sandstone 1 55 4 
Silcrete 17 1010 117 
Siliceous sediment 4 301 127 

 

   
 

    
 

    
 

   
Figure 4.2. Weld Range tool-stone types at recorded quarries. 

 

The Weld Range data set was recorded by Wajarri Traditional Owners and UWA 

archaeologists between 2007 and 2012 for a series of consulting projects. All survey 

and site recording was conducted under the supervision, and with the assistance, of 
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Wajarri Traditional Owners nominated by the Wajarri/ Yamatji Native Title Claimants’ 

working group. At their request, and in the absence of approval under Section 16 of the 

Aboriginal Heritage Act 1972 (the Act) to disturb sites, all archaeological material was 

recorded in situ. 

Data were collected using standards developed by UWA archaeologists who, in the 

absence of regulated standards from government, drew on national and international 

guidelines (e.g. Australian Association of Consulting Archaeologists Inc. Code of Ethics 

and Policies; ICOMOS Burra Charter) to ensure legislative compliance under the Act 

for clients. The Act provides protection for Aboriginal sites by making it an offense to 

disturb a site. Furthermore, defence under section 62 of the Act must prove that the 

defendant ‘did not know and could not reasonably be expected to have known’ of the 

existence of a site. Unfortunately, the definition of ‘site’ relies on an assessment of 

significance under Section 5 of the same Act but the Act provides no guidelines for that 

assessment. As a result, an informal, system for archaeological survey and two tiers of 

site recording was designed by UWA archaeologists to meet due diligence under 

section 62 of the Act and facilitate ‘site’ assessment. Survey information and each tier 

of site recording preserves different information about stone artefacts and quarried 

outcrops and this has important implications for the spatial and technological analysis 

undertaken here.  

Archaeological surveys were undertaken by teams of one to four archaeologists and 

two to ten Wajarri Traditional Owners walking transects spaced at 20 - 30 m intervals 

across the proposed development footprint. Locational details were recorded using 

handheld Geographic Positioning Systems (GPS) with an accuracy of ±15 m. The 

location of all isolated stone artefacts was noted and a series of technological and 

metric attributes was recorded (Table 4.2).  In 2010 the number of attributes used to 

describe isolated artefacts was reduced to location, artefact type, raw material type and 

maximum dimension as an adaptation to the very large number of artefacts on the 

surface of the project area. For the purpose of this study, data recorded for all isolated 

finds were incorporated into the analysis to ensure that a variety of tool-stone 

resourcing behaviours was captured. During survey, concentrations of stone artefacts 

with a density greater than 0.2 artefacts per sq. m. or archaeological features such as 

rock-art motifs, stone arrangements and rockshelters were defined as sites. 

The first tier of site recording aimed to define Aboriginal archaeological site boundaries 

on the understanding that the developer would adjust the proposed development to 

avoid these places. General contextual information was recorded for each site 

including location within the development, landform, nearest water source, vegetation 

and site disturbance, and photographs were taken. The stone artefact assemblage at 
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each site was characterised by recording artefact type and raw material type for 

artefacts located in a sample square placed at the centre of each artefact scatter or 

quarry. This information provided an indication of artefact density and assemblage 

composition. Presence/ absence of flakes, cores, retouch, grinding material and raw 

material types was also described if noted outside of the sample square during site 

recording.  Site boundaries were assessed visually and defined when artefact densities 

fell below 0.04 artefacts per sq. m. If the site was most likely to extend well beyond the 

nominated survey area the boundary was left open in that direction.  

This level of recording facilitated quick data collection over large areas but intra-site 

spatial definition was limited. For example, a site’s boundaries may be large (over 1 km 

north-south x 1 km east-west) to incorporate a series of archaeological features 

(quarried outcrop, scarred tree, discrete knapping scatter, etc) connected by a stone 

artefact scatter. But, the location of individual features was not recorded. For the 

purpose of this study artefacts recorded within a sample square were incorporated in 

the analysis and assigned to the GPS location recorded for the north-west corner of the 

sample square.  

Table 4.2. Artefact attributes recorded within the Weld Range data set. See Chapter 5 for a description of how 
these attributes were recorded. 

Attributes Unmodified 
flakes 

Unmodified 
cores 

Retouched 
and/or used 

Grinding 
material 

Other (e.g. 
hammerstone 

manuport) 

Artefact type (e.g. retouched/ 
unmodified, single/ multi platform 
core, flake fragmentation) 

x x x x x 

Raw material type x x x x x 

Single maximum dimension x x x x x 

Orientated dimensions x x x   

Maximum dimensions x x x x x 

% unmodified surface  x x x   

Platform dimensions x x x   

Platform surface x x x   

Platform shape x x x   

Dorsal scars x  x   

Termination type x  x   

# of initiations  x x   

Complete flake scar dimensions  x x   

# of grinding surfaces    x  

Potential grinding area    x  

Ground area    x  

Ground area shape    x  

Ground area profile    x  

Pitting    x x 

Comments x x x x x 
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In contrast, the second tier of site recording aimed to assess site significance. This tier 

of recording occurred when a developer was unable to adjust the proposed 

development and planned to disturb or destroy a site. Survey and the recording of 

isolated finds were undertaken in the same manner as the first tier. Site recording 

incorporated systematic and purposive sampling across each location. A grid of 5 m x 5 

m sample squares was positioned at 20 m intervals and a series of technological and 

metric attributes recorded for all artefacts within these squares (Table 4.2). Where 

extremely high densities were evident (>4 artefacts per sq. m) smaller sample squares 

were used (e.g. 1 sq. m). Purposive sample squares were placed to characterise stone 

artefact features (e.g. discrete knapping area) falling outside the systematic grid. All 

other features such as rock-art motifs, quarried outcrops and stone arrangements were 

mapped and recorded in detail. Results of the systematic sampling were used to 

establish more accurate site boundaries where artefact density in sample squares 

reached 0.04 artefacts per sq. m. or less.  

This second tier of recording provided a higher resolution of intra-site variability than 

the first tier of site recording. Spatially discrete features such as intact knapping 

scatters are well represented. Furthermore, detailed information was recorded for the 

stone artefact assemblage across at least 4% of the surface area at each site. While 

data collected in this manner are of high resolution, collection was slower and spatially 

restricted. Artefacts recorded at this tier within sample squares were assigned to the 

GPS location recorded for the north-west corner. 

The Weld Range data set presents two methodological challenges. First, long term, 

large scale projects like consultancy surveys create different types of records and 

potential unquantifiable errors as understandings, methods and definitions change over 

time. The information collected may also be inappropriate for answering particular 

research questions. Second, surface assemblages of stone artefacts are subject to 

diverse human and natural processes and it may be difficult to distinguish between 

these processes. Questions asked of these palimpsests of cultural material from 

spatially and temporally overlapping events must be adjusted to accommodate these 

challenges. Previous research, discussed below, using similar data sets highlights 

theoretical approaches and analytical methods to address these problems. 

LONG-TERM, LARGE SCALE PROJECTS 
The Weld Range data set encompasses a great deal of variation in recording. Spatially, 

individual point information for isolated finds and site features, discrete sampled 

polygons and larger polygons reflecting site boundaries are described. Furthermore, 

artefact attribute records and sampling methods vary between and within these 
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different areas. Isolated artefacts and artefacts within sample squares will have 

between three and twenty-one attributes recorded depending on the tier of recording 

undertaken. Site records vary from general presence/ absence information about 

assemblage composition to systematic mapping and detailed stone artefact recording.  

Previous research has exploited the primary strength of large consultancy data sets, 

that is, the large number of records and breadth of survey coverage. By determining 

attributes common to all records, or by identifying a sub-set of records with relevant 

attributes, broad trends in landscape and place use can be assessed. For instance, 

Dooley (2008) used surface and test pit excavation information from compliance 

surveys to investigate the notion of stone circles as persistent places on the Northern 

Great Plains in the USA. Consultancy survey had inspected approximately 47 sq. km. 

with 1,955 stone arrangements recorded and 220 excavated (Dooley 2008:97, 99). 

Persistence in stone circle re-use was assessed using three different measures of 

relative age and degree of use/ re-use. While each measure encompasses ambiguity 

(relative siltation is influenced by localised geomorphic history), together they were 

used to develop an argument for relative persistence in site use. The detailed 

excavation data were then used on a site-by-site basis as a further, fine-grained test of 

the model (Dooley 2008:105). Having established a level of validity, this data set was 

investigated at the extensive spatial breadth of the survey area (Dooley 2008:104). The 

emerging patterns suggested that these stone arrangements were important resources 

within a cultural landscape that persistently attracted people back to previous 

campsites (Dooley 2008:107-108). 

Similarly, compliance excavations at six sites in Western Sydney for the Rouse Hill 

development provide a unique and nuances understanding of settlement patterns and 

resource management strategies over 9,000 years (Jo McDonald Cultural Heritage 

Management Pty Ltd 2005:476). The size of the excavated assemblage (33,337 stone 

artefacts) and consistency of recording methods across the sites allowed assessment 

of problems relating to sample size, temporal compatability and raw material categories 

(Jo McDonald Cultural Heritage Management Pty Ltd 2005:381-383). Comparable 

assemblages, accounting for differential project driven salvage excavation methods, 

were then identified at each of the sites. This facilitated comparison of behaviours over 

time and in different environmental contexts. Trends were identified using a range of 

indicators including site location, assemblage characteristics and metric and 

technological attributes for flakes and cores. Results indicate that sea level rises at 

4,000BP increased population density and mobility became more restricted (Jo 

McDonald Cultural Heritage Management Pty Ltd 2005:477-478). Access to raw 

materials decreased while new technological strategies (including backed blades) were 
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introduced to manage supply. More recently (1,000BP to contact) evidence from this 

study suggests increasingly sedintary camps. Intensive use of available tool-stone 

sources is evident, through the increasing use of lower quality materials such as 

quartz, adoption of bi-polar techniques and greater frequency of grindstones possiblely 

used in axe production (Jo McDonald Cultural Heritage Management Pty Ltd 2005:477-

78)  

The project described in this thesis uses similar methods, investigating trends across 

multiple attributes, to account for recording variation in the Weld Range data set. Raw 

material type is one of only three attributes (artefact type and location being the others) 

described for all artefacts and artefact assemblages. The spatial distribution of different 

raw materials can, therefore, be mapped. Evidence for differential selection of tool-

stone types presented by spatial analysis can be tested using a technological analysis 

of artefacts recorded in more detail. By establishing presence and/ or absence of 

different tool-stone management strategies using the spatial distribution and a range of 

technological characteristics of stone artefacts, the effect of erroneous records can be 

assessed.  

This analysis acknowledges the potential for: misclassification of artefact and raw 

material type and technological attributes, incorrect measurements or recording of 

spatial coordinates, and possible movement of artefacts since discard. One means of 

accounting for this, the process of removing suspect records from the analysed data 

set, is discussed in Chapter 5. Additionally, it is considered unlikely that the human 

error through misclassification and incorrect measurement would create consistent 

trends evident across multiple attribute types. The Weld Range data set was recorded 

by a number of people all of whom were rigorously trained. Mistakes made by one 

person, probably relating to one attribute, are unlikely to have been undertaken with 

such frequency as to affect the results of analysis of that attribute. And, even if this was 

to be the case, it is likely that this error would be identified when the trends for that 

attribute were found to contradict other trends in the data set. So, while the potential for 

human error to influence trends in the Weld Range data set was considered during 

analysis, the use of multiple attributes to determine tool-stone resourcing in the Weld 

Range ameliorates this bias.   

Classification of tool-stone types remains more challenging. Defining Weld Range lithic 

raw materials during the consultancy project was based on macroscopic characteristics 

(Table 4.3). Descriptors such as translucent, cryptocrystalline and banded were 

originally selected because they are easily distinguished from one another facilitating 

replicable identification. This classificatory schema belies the complexities of field 

classification. Large quarried outcrops described in the data set may have been subject 
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to metamorphic or differential cooling processes in the past and a small seam of 

material with characteristics of another tool-stone type may have formed. For example, 

differences between basalt and dolerite, as igneous materials formed by relative 

cooling processes, may reflect a continuum within a single outcrop or different source 

materials. Under field conditions a small seam of one material may not have been 

identified during survey and site recording of an outcrop of another material. This is 

particularly likely in first tier recording when the time spent at a site is minimal (perhaps 

10-20 minutes). Similarly, an artefact characterised as one raw material type may have 

originated from a small seam of another material within the same quarry (e.g. a basalt 

flake may have been sourced from a fine-grained dark section of a larger dolerite 

outcrop). For these reasons a flake described as manufactured from “dolerite” cannot 

be assume to have been sourced from a “dolerite” quarry.  

Indeed, tool-stone classification is a concern of consultancy in Western Australia 

generally. Tool-stone type is recorded primarily to investigate resource procurement by 

identifying relative proportions of local/ non-local materials. The presence of small 

proportions of chert, in an area where no chert outcrops are known, suggests tool-

stone transport. Yet, the field conditions described above raise concerns about local/ 

non-local classification. Further, while potentially identifying movement of material, 

these classifications are unhelpful in determining motivations for tool-stone movement. 

The relative quality of different materials, as well as intra-outcrop variation, remains 

difficult to assess in the Western Australian context where previous discussion of tool-

stone quality has been restricted to generic assessment of the South-West region tool-

stone types (Glover 1979; Glover et al. 1993; Glover and Lee 1984).  

Table 4.3. Macroscopic characteristics of Weld Range data set raw material types. 

Raw material type Macroscopic description 

Basalt Very fine-grained, black 

BIF Banded with a sedimentary material and ironstone, yellow – red – brown – green  

Chalcedony Cryptocrystalline, translucent 

Chert Cryptocrystalline, opaque 

Dolerite Coarse to fine-grained, blue - grey 

Fine-grained Noted when the material is of a finer-grain than other specimens  

Granite Granular and crystalline texture 

Ironstone Noticeably heavier than other materials, dark grey/ metallic 

Jasperlite Bright red sedimentary material banded with ironstone 

Mudstone Very fine sedimentary matrix 

Quartz Quartz crystals 

Quartzite Quartz grains in a quartz matrix 

Sandstone Sandy matrix 

Silcrete Quartz grains or other inclusions in a recrystallised matrix 

Siliceous sediment Sedimentary, fine-grained (but not cryptocrystalline) matrix 
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The potential for misclassification of raw material type in the Weld Range data set 

could not be assessed within the scope of this project because the data set is spread 

across 118 sq. km. Furthermore, the lack of knowledge about the flaking properties of 

Western Australian and Weld Range tool-stone types hinders assessment of the 

influences on tool-stone management strategies. Unlike the variation in the detail of 

recording outlined above, raw material characterisation in the Weld Range data set 

cannot be resolved without the experimental work undertaken in this study. A new 

method for accounting for misclassification of raw materials is, therefore, outlined in 

Chapter 5. 

Although proper treatment of the information is challenging, comprehensive data sets 

like those produced by large consulting projects are powerful comparative tools. This is 

demonstrated by ongoing research in western New South Wales. In their re-

interpretation of Burkes Cave, Shiner et al. (2005; 2007) compare the assemblage to 

two other locations in the region. Relative proportions of raw material types and 

differing levels of assemblage reduction suggest that the original interpretation of 

Burkes Cave by Allen (1972:218) as a long-term campsite was skewed by the high 

artefact densities recorded and lack of comparative information (Shiner et al. 2007:43). 

Instead, the authors argue that this location may have been a brief stopping point in the 

landscape. The intensive reduction of non-local silcrete and the high proportion of 

formal tools from that same material, combined with the minimal reduction of locally 

available quartz, suggests that people were using the tool-stone brought with them 

from their previous, silcrete-rich location rather than source local materials.  

The Weld Range data set has been recorded in a systematic manner and over an 

extensive area with a wide range of features and attributes recorded. All clearly 

erroneous records (see Chapter 5 for details) were extracted from the data set before 

analysis. While this study acknowledges that errors will nonetheless be incorporated 

within the remaining records, it is argued that the size of the Weld Range data set 

allows the strength of trends to be assessed. Additionally, trends identified using one 

recorded attribute will be compared to those described by another. In this way a robust 

argument for the use of one or more tool-stone resourcing strategy within the Weld 

Range can be developed. 

SURFACE ASSEMBLAGES 
Surface assemblages present a tangle of place histories from temporally and spatially 

overlapping, intersecting and discontinuous events. Yet, these same assemblages are 

the remains of ‘what people did on a day-to-day basis to make a living in a landscape’ 
(Tainter 1998:170). In many cases, notably the Australian arid zone, surface material is 
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the primary form of evidence for past human occupation. Australian regional studies 

have demonstrated the value of surface assemblages in understanding settlement 

patterns (e.g. Barton 2003; Brown 1987; McBryde 1974; Thorley 1998; Veth 1993). For 

instance, Brown’s (1987) synthesis of consultancy archaeology data collected from the 

central Pilbara region of Western Australia used historic accounts and compliance 

ethnography to interpret the distribution of different site types. The presence of large, 

complex sites in association with more permanent water sources and small, sparse 

sites near ephemeral drainage systems, was argued to reflect responses to seasonal 

fluctuations in resource availability and mobility in settlement patterns (Brown 1987:20-

21). These regional syntheses present testable hypotheses that stimulate further 

research (c.f. Veth 1995:743). Nonetheless, models such as Brown’s (1987) have been 

criticised for using short-term ethnographic analogy to explain the medium to long term 

patterns evident in the archaeological record (Holdaway et al. 2008:114). 

To date, no temporal framework has been established for the Weld Range data set and 

it may reflect hundreds, thousands or even tens of thousands of years of accumulation 

occurring at different scales across the landscape. Geomorphological investigations of 

sites across western New South Wales have demonstrated the complex temporal 

contexts of surface assemblages in the Australian arid zone. Within the Stud Creek 

Catchment of the Mt Woods National Park, for example, a 30,000 sq. m. area contains 

lag deposits, depositional surfaces, stream margins and eroded gullies, rills and 

channels (Holdaway et al. 1998:4-5). Concentrations of artefacts representing up to 

7,000 years of occupation lie on top of the lag deposits (Holdaway, Shiner & Fanning 

2004, p. 38). In contrast, the rills and channels contain little archaeological material 

because high energy flooding events acting on slopes remove artefacts from the 

surface (Holdaway et al. 1998:9). At a more refined temporal scale, intensive 

radiocarbon dating of hearth features in this same area indicate a discontinuous 

occupation of this environment, perhaps in response to climate change, for the last 

2,000 years (Holdaway et al. 2004:40).  

Complex temporal palimpsests like those identified in western New South Wales, and 

probably the Weld Range data set, require an adjustment of the research questions 

(c.f. Wandsnider 2008). Just as Holdaway et al. (2008:112) suggest that ‘persistent 

places will allow us to differentiate favoured from unfavoured landscapes’, the use of 

different tool-stone resourcing strategies illustrates tool-stone preference. By asking in 

this study whether tool-stone was differentially valued, rather than during what period of 

time or for how long, a similar adjustment to research question is achieved. Tool-stone 

resourcing strategies identified may reflect a generational fad or a long-term approach 

to managing supply. Defining which it might be is a subject for future research. Here it 
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is simply asked whether different tool-stone types were valued differently – a question 

that has not yet been investigated in the study of Western Australian surface lithic 

assemblages 

The Weld Range data set is also a sample of a spatial palimpsest. It is a series of 

occupation events, that may be long or short, activity areas or general campsites, 

isolated from or overlain on one another and sometimes obscuring or destroying the 

other (Bailey 2007:205). Further, many natural processes can move stone artefacts 

from their discard location (Nash and Petraglia 1987). Some processes such as 

trampling and sediment deposition, while removing evidence for individual activities 

and affecting temporal resolution in excavated assemblages (e.g. Bailey 2007; Stern 

2008), are unlikely to have moved artefacts horizontally more than the ±15 m error 

margin of handheld GPSs.  

High energy water movement acting on a slope, on the other hand, can move stone 

artefacts up to 1 km (Schick 1987:86). The effect of this movement will be evident in 

size sorting. Smaller artefacts will be preferentially moved down slope and downstream 

increasing the number of artefacts in these depositional areas and reducing average 

artefact size. It should be noted that Schick (1987:96) argues, based on experimental 

work, that artefacts larger than 20 mm will remain little affected by these processes. 

This is reinforced by geomorphological work in western New South Wales. Holdaway et 

al. (1998:8-9) present evidence for down slope movement of artefacts under 2 cm in 

size, even outside the rills, gullies and channels, as a result of high energy water 

movement during seasonal flooding events. Despite this potential for horizontal 

movement, Holdaway et al. (1998) emphasise that vertical movement through 

sedimentation and erosion is more common.  

A detailed assessment of the possible effect of high energy water movement acting on 

material located on the slopes of the Weld Range was not possible in the time frame of 

this study. However, existing records indicate that, like the western New South Wales 

example, these processes are unlikely to have affected the Weld Range flaked stone 

artefact assemblage. While refits were not systematically searched for during survey, 

many were nonetheless identified. The presence of refits suggest very minimal 

horizontal post-deposition disturbance to an assemblage. If refits are present in a range 

of environments, including steep slopes, open flats and adjacent deeply incised water 

courses, it can be assumed that there has been little post-depositional movement of 

stone artefacts in the Weld Range.  
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Table 4.4. Summary of land systems, surveyed area and refit locations in the Weld Range. 

Land system Description 

Flaked stone 
artefacts Re-fits Surveyed 

area 

n % n % sq. 
km. % 

Cunyu 

Calcrete platforms and intervening alluvial floors 
and minor areas of alluvial plains, including 
channels with Acacia spp. shrub lands and minor 
halophytic shrub lands. 

583 2% 0 0% 3.2 3% 

Gabanintha 

Ridges, hills and foot slopes of various 
metamorphosed volcanic rocks (greenstones), 
supporting sparse Acacia spp. and other mainly 
non-halophytic shrub lands. 

1,870 6% 17 15% 4.8 4% 

Jundee 
Hardpan plains with ironstone gravel mantles and 
occasional sandy banks supporting mulga shrub 
lands. 

830 3% 1 1% 3.7 3% 

Kalli 

Elevated, gently undulating red sand plains edged 
by stripped surfaces on laterite and granite; tall 
Acacia spp. shrub lands and understory of 
wanderrie grasses (and spinifex locally) 

2,914 10% 39 34% 27.3 23% 

Mileura 

Saline and non-saline calcreted river plains, with 
clayey flood plains interrupted by raised calcrete 
platforms supporting diverse and very variable tall 
shrub lands, mixed halophytic shrub lands and 
shrubby grasslands. 

152 1% 0 0% 0.6 1% 

Sherwood 

Breakaways, kaolinised foot slopes and extensive 
gently sloping plains on granite supporting mulga 
(Acacia spp.) shrub lands and minor halophytic 
shrub lands. 

55 0% 0 0% 0.1 0% 

Violet 

Gently undulating gravelly plains on greenstone, 
laterite and hardpan, with low stony rises and 
minor saline plains; supporting groved mulga and 
bowgada (Acacia spp.) shrublands and patchy 
halophytic shrublands. 

2,286 8% 5 4% 15.8 13% 

Weld Rugged ranges and ridges of banded ironstone 
and quartzite, supporting Acacia spp. shrublands. 16,051 53% 13 11% 41.8 36% 

Yandil 

Flat hardpan wash plains with mantles of small 
pebbles and gravels; supporting groved mulga 
(Acacia spp.) shrublands and occasional 
wanderrie grasses. 

460 2% 0 0% 1.5 1% 

Yanganoo 

Almost flat hardpan wash plains, with or without 
small wanderrie banks and weak groving; 
supporting mulga  (Acacia spp.) shrublands and 
wanderrie grasses on banks. 

540 2% 0 0% 2.7 2% 

Yarrameedie 

Undulating stony interfluves, drainage floors and 
pediment (foothill) plains below major ranges of 
crystalline rocks (mainly Weld land system) 
supporting sparse mulga (Acacia spp.) 
shrublands. 

4,533 15% 40 35% 15.9 14% 

TOTAL 30,274 
 

115 
 

117.6 
 

 

When refit locations in the Weld Range data set are compared with Western Australia 

Department of Agriculture’s Rangeland mapping, which brings together topography, 

vegetation, geology and hydrology data to identify land systems of differing pastoral 

value (Curry et al. 1994), refits are present in most environmental contexts (Table 4.4). 

Refits are only absent where fewer than 800 artefacts were recorded during survey 

suggesting a link between sample size and refit identification. This summary of existing 
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refit data reinforces the likelihood that post-depositional processes will have had a 

minimal effect on the distribution of flaked stone artefacts in the Weld Range. This 

interpretation will be further supported if evidence for preferential movement of some 

Weld Range raw materials is identified during this study. It is unlikely that high energy 

water movement would preferentially move one raw material class further than another 

and in locations spread along the 60 km of the Weld Range.  

Despite these challenges, surface stone artefact assemblages provide relevant 

information about past land use practices and social relationships. They present insight 

into the diversity of human behaviours including those undertaken outside of 

rockshelters  and on surfaces not subject to sedimentation (Ryan and Morse 2009). For 

example, isolated artefacts and sparse artefact scatters provide the only record of 

people’s movement through and occupation of some areas (Tainter 1998:170). They 

may reflect the location of a specific activity, perhaps a midday meal by a small family, 

or the decision to discard a heavy item during a long journey. Individually they provide 

little insight into the past but, when considered together, they document the more 

ephemeral components of settlement patterns. Importantly for this study, surface 

assemblages also document the movement of raw materials and, by inference, people 

through the landscape, sometimes over long-distances (e.g. McBryde 1978; Singer 

1984). Preferential movement and use of tool-stone resources provides insight into the 

strategies employed to manage this resource and the potential for different materials to 

be valued more than others. 

CHAPTER SUMMARY 
The Weld Range data set describes a sample of the surface stone artefact assemblage 

present on and around the Weld Range. Recorded as it was, in the field by a large 

team of archaeologists and Wajarri Traditional Owners over many years, it most likely 

contains unquantifiable errors. These challenges are addressed by examining multiple 

attributes, discussed in the next chapter, that provide evidence for tool-stone 

resourcing strategies. An experimental knapping program was also designed to 

investigate variation within tool-stone categories. The temporal and spatial context of 

this surface material is also difficult to assess. Instead the focus of this study is on 

establishing whether Weld Range tool-stone was considered as one resource or many 

quarries of differing value. Previous investigations of stone tool movement through 

natural processes suggest that movement is unlikely to be at a scale that will affect this 

study but will be further assessed by the spatial analysis. This chapter has examined 

the challenges of using surface archaeological information recorded during consultancy 

projects. Methods used by this study to overcome these challenges will be outlined in 

Chapter 5.
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CHAPTER 5. METHODS 
This chapter describes the three methods employed to identify past Wajarri tool-stone 

resource management strategies using the archaeological record of the Weld Range. 

An experimental knapping program was used to assess the representativeness of raw 

material categories, describe reduction indices for Weld Range tool-stone types and 

assess flake manufacture predictability. These results informed investigation of 

preferential movement using a spatial analysis and reduction intensity and 

standardisation through a technological analysis.  

It should be noted that the methods used in this research are underpinned by an 

Indigenous archaeologies methodology. As many authors emphasise, Indigenous 

archaeology encompasses a range of theory and practice (Atalay 2006; Colwell-

Chanthaphonh et al. 2010; McNiven and Russell 2005; Smith and Jackson 2006). For 

example, Casey (1996) in his essay titled “From Space to Pace in a fairly short space 

of time”, demonstrates the value of Indigenous ontologies and classical philosophy in 

critiquing concepts of space and time. These concepts are entrenched in Western 

thought as ‘universals’ but, by considering other ways of knowing, the very personal 

and local concept of place becomes a universal foundation. Contrasting with this 

theoretical use of Indigenous perspectives is the practical importance of collaborative 

research. Clarke and Faulkner (2005) describe the organic way in which community 

orientated projects can develop through the example of their Blue Mud Bay research. 

Smith and Jackson (2006) promote community engagement and seek to confront 

researchers about the benefits they receive from their work with communities versus 

what they give back (e.g. knowledge, money and access to resources). What is 

apparent from the literature is that there is no one Indigenous archaeology. What links 

these diverse ideas and practices a respect for descendant communities, a mandate 

for their role in archaeology and an acknowledgement of how their perspectives help to 

advance our collective understandings of the past.  

While not explicit at the beginning, this Masters research has followed a collaborative 

model of engagement similar to that outlined by Colwell-Chanthaphonh and Ferguson 

(2008). This collaboration has been guided by respect for the Weld Range Wajarri and 

built on relationships between the author and individual Wajarri Traditional Owners 

forged over several years. From the many projects possible in the Weld Range, this 

research chose to focus on a topic of interest to the Wajarri community. Weld Range 

Wajarri man, Colin Hamlett, describes the importance of tool-stone resources,  

People talk about the ranges, but everything is connected to the ranges. The 
big (artefact) sites are the factories and the smaller ones were the convenience 
stores. It is like today: you go to Woolies or Coles for shopping but for a quick 
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shop you go to the convenience store. The factories are the important ones (to 
preserve) (Lloyd 4 January 2011).  

 

Weld Range Wajarri were consulted in mid-2011 about the selection of the project, 

funding was sought and set aside to ensure Wajarri participation in fieldwork and a 

workshop was held in October 2013 so that results could be presented to the group. 

Weld Range Wajarri were given the opportunity to restrict access to part or all of this 

thesis if they disagreed with the content or if it was inappropriate for certain audiences. 

Permission to publish will be sought for all publications relating to the project and Weld 

Range Wajarri will retain the right to veto. Where the author of this thesis presents at 

conferences, funding will be sought for Wajarri to attend so that their participation and 

voice in the project is ongoing. All data will be provided to Yamatji Marlpa Aboriginal 

Corporation and Ethical Engagement Consulting, the organisations representing Weld 

Range Wajarri in legal and heritage matters respectively. Data will also be archived by 

UWA and only accessible with permission from representatives of the Weld Range 

Wajarri. At each stage, Wajarri have had, and will continue to have, control over the 

course of the project. While confronting to the researcher (Colwell-Chanthaphonh et al 

2010), this is imperative to ethical practice and the only way to create the critical 

environments required for the theory building and methodological change that 

Indigenous archaeology affords.  

EXPERIMENTAL KNAPPING PROGRAM 
Experimental knapping provides unique information about Weld Range raw material 

categories and characteristics as well as producing a comparative assemblage for 

assessing reduction intensity. The experimental knapping program designed for this 

study sought to achieve three aims:   

1. Create fresh break surfaces from which to assess tool-stone categories via 

macroscopic assessment,  

2. Define the assemblage attributes of core reduction for Weld Range tool-stone 

types so that management strategies could be more accurately assessed, and  

3. Describe the flaking properties of Weld Range tool-stone types so that 

motivations for tool-stone management could be explored.  

As discussed in Chapter 4, Weld Range tool-stone classifications are problematic. 

Assessment of preferential movement of tool-stone required the identification of 

potential sources for the material used to manufacture each artefact in the data set. 

However, the validity of the Weld Range raw material type categories was unknown. 

Sourcing studies often employ petrological and/ or geochemical analysis to understand 
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how outcrops were formed and make inferences about overlap between raw material 

classes and potential sources (Goldberg and Macphail 2006:361-362). For example, a 

recent study by ten Bruggencate et al. (2014) demonstrates the usefulness of a 

combined visual and geochemical approach for sourcing pegmatite quartz artefacts 

from the Churchill River basin of Manitoba and Saskatchewan, Canada. In the Weld 

Range, Laser Ablation Inductively Coupled Mass Spectrometry has been used to 

distinguish ochre from geologically similar ochre mines located only 3 km apart 

(Scadding and Wattling 2012). However, petrological and geochemical analyses are 

time-consuming and expensive and, as Goldberg and Macphail (2006:335) explain,  

It is therefore essential to ask: is this analysis really necessary, what questions 
are we trying to answer, and what will the results add to the site’s interpretive 
dataset? Simply, are the costs of time, labor, and cash worth it? 

Instead fresh break surfaces produced during experimental knapping were used to 

describe features such as grain size and colour that are often obscured on 

archaeological specimens by weathering. These data informed assessment of the 

validity of raw material categories used in the Weld Range data set. 

Actualistic experiments have the additional benefit of producing assemblages 

comparable to those described in the Weld Range data set. While controlled 

experiments provide a means of investigating the cause and effect relationships 

between specific variables within a flaked stone artefact assemblage (e.g. Magnani et 

al. 2014:47), they generate limited information about the relationship between the 

multiple flake and core attributes and reduction intensity used in the technological 

analysis proposed for this study.  

Experimental knapping also provides useful information about the quality of the 

knapped material. These characteristics are sometime measured using mechanical 

stress tests that produce replicable and comparable results describing the compressive 

strength, tensile strength, elastic modulus and fracture toughness of different materials 

(Domanski and Webb 1992; Domanski et al. 1994). Each of these characteristics 

affects the fracture predictability of tool-stone types and can present insight into why 

prehistoric tool-makers may have selected one raw material over another in tool 

manufacture. For example, low elastic modulus is associated with high stiffness control 

and is related to the successful detachment of a blade (Cotterell and Kamminga 1987; 

Domanski et al. 1994). However, mechanical stress tests fail to describe the impact of 

flaws within the material on producing a flake. Understanding how a knapper might 

perceive Weld Range raw materials during flake manufacture and the features of the 

assemblages produced were considered more important than determining their fracture 

mechanics in controlled circumstances.   
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Raw material collection 
A field trip in April 2013 was undertaken to collect tool-stone samples for knapping from 

known quarries in the Weld Range and to further characterise outcropping material. 

Permission to collect material for this project, and in doing so disturb Aboriginal 

archaeological sites, was granted by Wajarri Traditional Owners and the Department of 

Aboriginal Affairs (Section 16 Permit # 532, see Appendix 1). Ethics approval was also 

received from the University of Western Australia’s Human Research Ethics Office 

(RA/4/1/5737). 

Quarries were selected based on the following criteria: 

 Representativeness – As many tool-stone types were sampled as possible. 

 Inter-site variability – A series of quarries for common tool-stone types situated 

along the length of the Weld Range. 

 Intra-site variability - Samples collected from multiple outcrops within a single 

quarry. 

 Intra-outcrop variability – Samples collected from multiple locations across a 

single outcrop.  

 Accessibility - Quarries near to access tracks prioritised. 

 Time frame constraints –Sample locations restricted to between 10 and 15 

quarries.  

Cobbles or boulders, of similar size and shape to those used as cores, found on or 

around the selected outcrop at each quarry were tested. Potential tool-stone samples 

were struck with one of three dolerite hammerstones subsequently used in the 

knapping experiment (Table 5.1). Hammerstones were sourced from the Weld Range 

and the Pilbara. The number of cobbles tested and the number of strikes used to test 

each cobble were recorded to quantify outcrop variation. Flakes and debris produced 

during test strikes were compared to the stone artefact assemblage to assess 

macroscopic similarity (e.g. grain size, colour, inclusions) and influenced selection of 

cobbles for return to Perth and further knapping. The potential for the core to produce 

further flakes also influenced selection. If testing showed that the cobble was 

unsuitable for further knapping (e.g. failed to produce a conchoidal fracture, low 

potential for further flake production, dissimilar to stone tool assemblage) the material 

was left at the site. Any flakes and/ or cores produced from unsuitable cobbles were 

crushed with the hammer stone to remove diagnostic features and ensure that it could 

not be mistaken in the future for archaeological material. When a cobble was suitable 

and selected for further experimental knapping, the cobble and products of each 

hammer stone strike were separately bagged for analysis. A GPS location was 
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recorded and a description made of each sample. The type, height and form of the 

outcrop and shape of the surrounding cobbles were also described.  

Table 5.1. Summary attributes for hammerstones. 

Hammer 
stone Raw Material Type Weight 

(g) 
Length 
(mm) 

Width 
(mm) 

Thickness 
(mm) 

1 Dolerite 510.22 97 68 47 

2 Dolerite 530.62 84 77 65 

3 Dolerite 479.48 85 76 63 

 

A total of 26 cobbles of tool-stone were selected and summary details are provided in 

Table 5.2 below. Cobbles were collected from 14 quarry sites located on and to the 

north of the Weld Range (Appendices 2 and 3) and also included a beach rolled 

English flint cobble as a control. 

Table 5.2.Summary attributes for knapped tool-stone cobbles. 

Site Name Sample # Raw Material Type Weight 
(g) 

Length 
(mm) 

Width 
(mm) 

Thickness 
(mm) 

Weld-QA-0725 S16 BIF 1490 159 118 89 

 S17 BIF 1760 153 122 93 

 S18 Jasperlite 2460 179 158 76 

Weld-QA-0727 S31 Quartz 3300 205 144 110 

Weld-QA-0833 S20 BIF 3035 198 159 93 

 S21 BIF 2830 193 148 94 

 S22 BIF 590 174 97 38 

 S23 Mudstone 1500 190 99 68 

 S24 Chert 1415 127 117 76 

 S25 Chert 2805 165 144 90 

Weld-Q-0987 S34 Dolerite 4225 207 180 118 

 S35 Dolerite 2510 167 147 105 

Weld-QA-09109 S27 BIF 785 122 114 54 

Weld-QA-09112 S26 Siliceous sediment 730 148 122 59 

Weld-QA-09113 S30 Chalcedony 1225 173 99 67 

Weld-QA-09136 S29 Siliceous Sediment 1775 182 118 76 

Weld-RSQA-10218 S13 Silcrete 2550 196 145 88 

 S37 Silcrete 2325 196 153 78 

Weld-QARS-10245 S39 BIF 1375 154 132 54 

 
S40 BIF 2975 207 123 82 

Weld-Ariella's Quarry-10270 S32 Chert 4250 199 152 150 

 S33 Chert 3070 192 129 110 

Weld-QA-11370 S36 Chert 2355 170 157 94 

Breakaway Caves SVB48 Silcrete 1462 185 134 68 

 
SVB50 Silcrete 2646 142 124 108 

Control S15 Flint 1710 134 122 110 
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At least one artefact from the lithic assemblage associated with the selected tool-stone 

cobble was collected for comparison to ensure that the sampled raw material was 

similar to that selected by Wajarri people for quarrying in the past. For instance, if most 

of the artefacts around the sampled tool-stone cobble were banded yellow and brown, 

an artefact with yellow and brown banding was collected. A GPS co-ordinate was taken 

and a description was made of the artefact and location in relation to the outcrop and a 

pin flag was left at each artefact’s original location to facilitate return with Wajarri 

Traditional Owners, which occurred in May 2014. 

Experimental procedures 
Prior to knapping, each cobble was weighed (AND HW-60KGL scales), photographed 

and the maximum dimensions were recorded (Table 5.2). An English flint cobble was 

also included as a control, being a material widely discussed in the archaeological 

literature. Flint is internally homogenous and fractures predictably; although see 

Whittaker (1994) for a summary of the variability that different formation processes can 

create such as fossils and fissures. Field observations during cobble collection 

suggested that internal weathered bands and fissures may mimic dorsal cortex when 

exposed during knapping. Therefore, each cobble was spray painted pink to facilitate 

identification of cortex during technological analysis of the assemblage’s produced. 

Cobble size, weight and shape were recorded prior to the experiment. 

Dr Nick Taylor (2009), a proficient knapper with eight years of experience, undertook all 

knapping, in a seated position. The same three hammer stones (Table 5.1) used during 

fieldwork were used throughout to ensure consistency. Given the rarity of formal tools 

in the Weld Range assemblage recorded to date (n=48, 0.2%), the focus of this 

experiment was on creating the greatest usable edge length. The knapper was 

instructed to use a direct percussion technique to produce flakes. Six strikes of the 

hammerstone against the cobble/ core was referred to as an “interval”. The number of 

strikes comprising an “interval” was selected because it minimised distraction/ 

interruption to the knapper while preserving information about the reduction process. 

Material produced from all six strikes was bagged together and a record was made of 

the hammerstone used, the percentage of cortex remaining on the cobble/ core, the 

number of complete scars and the number of points of initiations on the knapped 

cobble. This process was continued until further flake removals with the hammerstones 

became difficult and the core was considered exhausted. It should be noted that a 

smaller hammerstone may have allowed further flake production from some cobbles. 

The knapper also suspected that use of these hammerstones, that had large and 

rounded surfaces, may have dispersed force propagation increasing the number of 

longitudinally broken flakes. Investigation of the effect of a smaller hammerstone was 
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not possible during this study. The instructions giv(Gould et al. 1971)en to the knapper 

for this experimental program introduced bias. Nevertheless, they fulfilled the aim of 

producing assemblages, at different points of reduction and similar to those recorded in 

the consultancy data set, from which attributes of reduction intensity and the relative 

flaking properties of Weld Range raw materials could be described.  

Assessment of raw material categories 
Raw material categories used to describe the Weld Range data set are known to be 

problematic and overlapping. To assess the validity of tool-stone type categories, a 

series of macroscopic characteristics were recorded for each raw material type 

represented by a knapped cobble. Average grain size and Munsell colour of the 

primary matrix were recorded and, where present, material, frequency, size and shape 

of inclusions and the material, frequency and width of banding were noted. Artefacts 

that are representative of the associated quarry assemblage and collected near to the 

sampled cobbles were compared to the knapped assemblage to ensure that selected 

cobbles were of a similar material to the archaeological assemblage.  

Using these data, mutually exclusive tool-stone categories were identified where 

variation within a tool-stone category was found to be comparatively low and where it is 

unlikely that characteristics would be confused between categories. Tool-stone 

categories with high frequencies of intra-variability or characteristics similar to other 

tool-stone types were also identified and the variation was described.  

Definition of reduction indices 
In addition to the core attribute records collected during knapping, the flake 

assemblage produced for each knapping interval was recorded in the same manner as 

the Weld Range data set. The methods for recording these reduction indices are 

described in the “Technological analysis” section below. Where more than one 

experimental assemblage was produced for a raw material type, at least two of those 

assemblages were recorded in detail. Core and flake assemblages produced during 

the first three intervals describe initial reduction and are considered a proxy for low 

reduction intensity for each Weld Range tool-stone type. Reduction indices collected 

from material produced after the first three intervals but before the final three were 

collated and used to describe assemblages with moderate reduction intensity. 

Assemblages produced during the final three intervals of core reduction were used to 

describe high reduction intensity. The complete assemblage produced for each raw 

material type was also provided for comparison. Trends noted in the technological 

analysis were compared to the experimental assemblages to assess whether high 

proportions of one attribute or another are common during reduction of the Weld Range 
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raw material type, regardless of intensity, or whether they may indicate low/ moderate/ 

high reduction intensity. It should be noted that these data are used, when interpreting 

reduction intensity in the Weld Range data set, as a guide only. 

Assessment of flaking properties 
Qualitative statements of flake manufacture were recorded to assess the predictability 

of Weld Range raw materials. These statements were gathered before, during and 

after knapping of each sample to assess the control that the knapper had over what 

was produced. Measures of overall predictability/ control were recorded in three ways. 

First, in answer to the question “Could you produce a predetermined shape?” the 

knapper was asked to ascribe a rank of 1 (not at all) to 5 (very much).  This question 

was designed to quantify the knapper’s perception of his control over the material, as 

production of a predetermined shape is assisted by tool-stone predictability. Second, 

the knapper’s general comments describing the predictability and challenges of the 

material were recorded during and immediately after knapping. The general nature of 

the comments provides supporting information for the rank given and were used here 

to confirm the results of the knapper’s ranking. To facilitate comparison between these 

two measures, the comments were ranked from very low (1) to very high (5) quality by 

contrasting the presence of a positive comment (“good quality”, “nice material” or “high 

predictability”) with the number of negative comments (“flaws/ faults/ cracks”, 

“problematic banding”, “thick cortex”, “crumbly/ large quartz inclusions”, “deep pitting” 

or the word “problematic”). The question and comment ranks for all materials were 

within one interval (e.g. very high for the question and high in the comments) and the 

knapper’s ranking was used to quantify flake manufacture predictability. Following 

exhaustion of the core, the knapper was also asked to rank the effects of internal flaws 

and banding from 1 (not at all) to 5 (very much). Third, comments made by the knapper 

about each cobble prior to knapping were converted into rankings using the same 

method outlined above for predictability comments. This ranking, when compared to 

the final ranking, describes how easily the quality of a cobble could be assessed prior 

to knapping.  

This qualitative information was supplemented by synthesis of field observations noting 

the number of cobbles tested and number of strikes required in assessing a cobble’s 

suitability. These describe the ease, or otherwise, with which suitable cobbles for tool 

manufacture could be sourced from the quarries sampled for this project. The product 

of knapping, the assemblage, was also analysed to assess the effectiveness of each 

material in producing a sharp edge. The attributes used to describe reduction intensity 

(see “Technological analysis” section below), along with other measured variables, 

provide insight into raw material predictability. It can be assumed that stone tool 
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manufacture typically aimed to produce sharp, usable edges and that tool-stone 

predictability will facilitate manufacture of longer usable edges (for an ethnographic 

example see Hayden 1977:179). An available edge measurement was recorded by 

measuring all margins of the piece using a piece of string and Vernier callipers (see 

Braun 2005: for an example of the reliabiliy and validity of this method). The entire 

perimeter was measured, rather than just the perceived usable edge to ensure 

reliability and to remove the potential bias introduced by imposing present perceptions 

of what is a usable edge angle on prehistoric knappers (Braun 2005:113; Gould et al. 

1971:151). This measurement was adjusted to reflect the proportion of the edge that 

was crumbling away or had thick, rounded cortex. However, this single measure fails to 

account for edges with high, potentially unusable, angles. Other attributes that 

influence usable edge length are, therefore, considered. Complete flakes are most 

likely to preserve the longest usable edge, so high proportions of this artefact type, in 

relation to the weight of the knapped cobble, are desirable (although it is acknowledged 

that flake fragments would have been used as tools, e.g. Driscoll 2011; Knutsson 

1988). Elongate and thin complete flakes similarly preserve more usable edges than 

thick, wide flakes by increasing usable edge length and reducing edge angles (Hayden 

et al. 1996:37; Kuhn 1994:435). High proportions of feather terminations are also 

desirable as other termination types create inefficient edges (Cotterell and Kamminga 

1990:145; Pelcin 1997:1107; Whittaker 1994:106). Finally, fragmentation, particularly 

shatter, produces fewer usable edges. Fragmented pieces in this experiment tended to 

be more brittle, as a result of the faults, flaws and weathering which further lowered the 

usable edge length. Low fragmentation rates are, therefore, considered to be 

associated with higher predictability in flake manufacture.  

Descriptive statistics for these technological attributes within the assemblages 

produced for each raw material type were synthesised using a cluster analysis. Cluster 

analysis summarises similarities and differences between Weld Range tool-stone types 

and across assemblage attributes. Version 3.01 of the PAST statistical package was 

used (Hammer et al. 2001). This is a free, online data analysis program originally 

developed for palaeontologists, but performs statistical tests useful in many disciplines 

(Hammer 2013:9). Similarity coefficients were calculated using Euclidian distance with 

variables standardised by subtracting  each variable from the mean and dividing by the 

standard deviation of the set of variables (Drennan 2010:275). An Unweighted Pair-

group Average algorithm was applied, with clusters joined based on average distance 

between all members in the two groups (Hammer 2013:93). The analysis was also run 

using Single linkage (based on smallest distances) and Ward’s method (within-group 

variance is minimised) algorithms to assess the reliability of the clusters identified. 
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Clusters were found to be similar using each algorithm. The Unweighted Pair-group 

Average algorithm produced results most consistent with the descriptive statistics and 

the dendrogram produced has been used to graphically display how the descriptive 

statistics cluster. These results, along with the qualitative statements and field 

observations, were used to compare predictability in flake manufacture for Weld Range 

raw material types.  

ASSESSMENT OF THE ARCHAEOLOGICAL ASSEMBLAGE 

Measuring raw material movement 
As described in Chapter 2, tool-stone movement provides evidence for different 

resourcing strategies. A Geographical Information System (GIS), in this case MapInfo 

8.5, was used to investigate the relationship between tool-stone source and stone tool 

discard in ‘real’ space through the spatial distribution of flaked stone artefacts (c.f. Allen 

et al. 1990; Wheatley and Gillings 2002).  

Given the relative abundance of tool-stone in the Weld Range, use of strategies other 

than expedient use to manage supply will result in preferential movement of one or 

more raw materials. As discussed in Chapter 2, people are most likely to move a tool-

stone they are trying to conserve further and more frequently than other materials. In 

the archaeological assemblage this will result in flakes of these materials being located 

further, on average, from a source and found in relatively higher proportions, compared 

to those used expediently, as distance to the source increases. 

In the absence of expensive and time consuming refit studies (c.f. Close 2000) or 

geochemical sourcing, the actual movement of material from a source is incalculable. 

Instead, this study describes the minimum distances from recorded artefact location to 

a possible source determined using a GIS nearest neighbour analysis (Figure 5.1). The 

GPS location recorded for each artefact represents the best available information of 

that artefact’s discard location. Given the potential for raw material misclassification 

highlighted above, identification of a source is problematic. To account for this, 

secondary source/s were identified for each Weld Range tool-stone type. For example, 

if one material (e.g. chert) had the potential to be misclassified as another (e.g. BIF), 

the materials became secondary sources for each other (e.g. BIF is a secondary 

source of chert).  
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Figure 5.1. Example – the BIF artefact is 500 m from the nearest BIF quarry. 

 

Survey bias was also taken into account (Figure 5.2). After all, a closer source quarry 

might be available just outside the area surveyed around any given artefact. The 

minimum surveyed distance was determined by calculating the distance from each 

artefact to the nearest survey area boundary. The smaller of these, distance to source 

versus distance surveyed, represents the minimum distance travelled by each artefact 

before arriving at the recording location and was used in the analysis of preferential 

movement.   

 
Figure 5.2. Example – the BIF artefact is 200 m from the nearest edge of the survey area 

 

The nearest neighbour analysis also accounted for varying spatial resolution. The 

distance between artefact location and the quarry site polygon was measured edge to 

edge, rather than centre to centre to account for very large site polygons and is a 

conservative measure of minimum distance (Figure 5.3). This method assumes a linear 

path between source and discard with no regard for rugged terrain, dense vegetation 
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and other influences on path selection. While problematic, this assumption ensures 

consistency. It is the shortest possible route and represents the minimum distance 

each artefact was moved. Importantly, this measure under-estimates the movement of 

lithic raw material in the Weld Range landscape. Subsequent discussion of distances 

travelled should be considered in this light. Even relatively small differences in distance 

(e.g. 250 m) probably reflect much greater movement. 

 
Figure 5.3. Diagram showing the relationship between edge and centre measurements. 

 

The potential for random tool-stone movement to mimic preferential selection must also 

be considered. Brantingham (2003) created a random walk function to identify whether 

or not human agency is the primary determinant for archaeological assemblage 

attributes such as raw material diversity, transport distance and character (intensity of 

retouch) of transported material. He demonstrates that a neutral agent-based model 

can produce the patterns observed in the archaeological record. For instance, the 

random model created assemblages in which materials from distant sources were 

consistently represented in the modelled assemblage, albeit in small quantities, and 

intensively reduced (Brantingham 2003:501-502). This does not preclude use of these 

measures in assessing tool-stone resourcing strategies as described here. After all, 

Andrefsky (2009:76) highlights the wealth of studies that demonstrate the importance 

of raw materials in stone reduction strategies, artefact function, reduction intensity and 

risk management. It instead highlights the importance of considering neutral models 

when interpreting results (Brantingham 2003:504).  

Intensity of site recording and the presence of single knapping events can also affect 

the results of the spatial analysis described here. These locations serve to inflate the 

number of artefacts within a distance interval. For instance, using an example from the 

Weld Range data set, a concentration of ironstone artefacts found at a site located over 
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400 m from the nearest quarry may represent one or two knapping events. Yet this one 

concentration accounts for 22% of the overall ironstone assemblage and contradicts 

the rapidly declining proportions of this material found in other distance intervals. 

Rather than describing a preference for ironstone at 400 m from the source, detailed 

recording of what is most likely to be a small number of discrete events has skewed the 

results. While not as obviously evident for other materials, the bias created by detailed 

recording in some places and not others and single knapping events has affected other 

assemblages.  

To account for this, the minimum number of transport events was determined. Where 

two artefacts of the same material are found in the same location (e.g. two artefacts in 

the same 5 m x 5 m sample square are assigned the same co-ordinates), it is assumed 

that they were manufactured during the same event from one core transported from the 

source quarry. Duplicate distances were, therefore, removed from each raw material 

assemblage before mean and median distance calculations were performed.  

The significance of differences in the distance travelled by Weld Range tool-stone 

types from source to recorded location were assessed using a non-parametric ANOVA, 

the Kruskal-Wallis test: a multiple-group extension of the Mann-Whitney test (Zar 

1996). The PAST statistical package was used (Hammer et al. 2001).This test does not 

assume normal distribution but instead requires that each group has an equal-shaped 

distribution. This was the case with the data produced by the nearest neighbour 

analysis where most artefacts of a raw material type are found near a source of that 

material with an exponential decline thereafter.  The null hypothesis for this test was 

that all samples were taken from the same population and was rejected when the 

probability was less than 0.05.  

Data generated by the spatial analysis were then used to group artefacts into 

assemblages at increasing distance from a source for use in the technological analysis. 

Quarry assemblages provide insight into how Weld Range raw materials were 

managed where tool-stone is immediately available. Detailed recording at twenty-one 

quarry sites provides assemblages with sample sizes of >50 for BIF, chalcedony, chert, 

dolerite, mudstone, quartz and siliceous sediment. Flaked stone artefacts recorded in 

sample squares located within 5 m of a quarried outcrop comprise the ‘Quarried 

Outcrop” assemblage and are considered representative of the initial stages of 

reduction for each material, including testing for suitability. The “Surrounds” 

assemblage, with sample sizes of >50 available for BIF, chert, dolerite, mudstone, 

quartz and siliceous sediment, is comprised of all other artefacts of the same material 

and located within the boundaries of the quarry. This assemblage most likely reflects a 

range of behaviours, in addition to post-depositional processes, which were undertaken 
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at a position in the landscape abundant in that tool-stone type. It provides an example 

of what might be expected from an expedient strategy of tool-stone resourcing. 

Secondary source/s are not considered for this analysis (e.g. only chert artefacts 

associated with a quarried chert outcrop are considered) because detailed recording 

facilitated comparison of the flaked assemblage with the quarried material minimising 

misclassification. This enhances the likelihood that the assemblages analysed here are 

directly associated with the quarried outcrop. It should be noted that some quarry site 

boundaries extend to include expansive artefact scatters and an artefact situated in the 

“Surrounds” assemblage may nonetheless be hundreds of meters from a quarried 

outcrop.  

Using the nearest neighbour data, the 15,253 flaked stone artefacts located outside a 

quarry site boundary have been placed into three distance intervals based on their 

minimum distance to source (primary and secondary): 1-250 m, 251-500 m and >500 

m.  These intervals were selected because they contain sufficient sample size (more 

than ten artefacts) for most raw material types but provide three data points for 

identifying trends in the reduction and standardisation of tool manufacture at increasing 

distance from a source. Flake and/ or core assemblages with less than ten artefacts 

are excluded from analysis because of sample size. Where more than 50% of artefacts 

recorded in a distance interval came from one site (e.g. ironstone artefacts from Weld-

A-0856 comprise 93.94% of the 251-500 m and 100% of the >500 m ironstone 

assemblage), these sites were also removed from the analysis. These instances 

probably describe discrete knapping scatters rather than multiple transport events. 

Furthermore, while artefact type and raw material type are recorded for all artefacts in 

the Weld Range consultancy data set, technological and metric attributes used in the 

following analysis are only available for 14,346 artefacts. This restricts analysis of 

some raw materials in some distance intervals, most notably silcrete for which only 48 

artefacts were recorded in detail.  

It should be noted that artefacts in these distance intervals are likely to be much further 

from an actual quarried outcrop than the interval description indicates. For example, an 

artefact in the 1-250 m interval may only be 1 m from a site boundary but, in the case 

of large multi-components sites, the artefact many be hundreds of meters from a 

quarried outcrop. The distance intervals (1-250 m, 251-500 m, >500 m) must be 

considered as minimum distance values only. 

Identification of reduction intensity and standardisation 
Lithic analysts seek to understand how tool makers and users organised stone 

technology. Stone tool production and use is a reductive process in which a series of 
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choices are made consciously and unconsciously by individuals to manage 

environmental, functional, social, political and economic pressures (Sillar and Tite 

2000:4). Studies of technological organisation therefore explore how “the selection and 

integration of strategies for making, using, transporting, and discarding tools” (Nelson 

1991:57) are employed to navigate these choices. This study investigates the 

management of environmental, functional, social, political and economic pressures on 

tool-stone supply. The tool-stone resourcing strategies outlined in Chapter 2 describe 

options for supply management. These strategies, in turn, guide the process of tool 

manufacture and use that result in different artefact attributes within stone artefact 

assemblages.  

Stone artefact assemblages can be conceptualised as reflecting two processes: 

systemic context and archaeological context. The systemic context describes the ‘flow’ 

of an artefact from procurement, to manufacture, use and discard (Schiffer 1972; 

1987). At discard, the artefact moves into the archaeological context where it is subject 

to post-depositional processes. As Schiffer (1972:158) notes, this need not be a linear 

process from procurement to discard. A waste flake produced during tool manufacture 

may never be used but instead be immediately discarded. Furthermore, a previously 

discarded tool may be selected, rejuvenated and re-used. While the full complexity of 

an artefact’s ‘life history’ remains difficult to establish (e.g. Close 2000), a variety of 

morphological changes occur to stone tools in the systemic context and these are 

evident as artefact attributes within a discarded assemblage, albeit with consideration 

of an object’s archaeological context.  

Morphological changes resulting from stone tool production and use can be described 

as a ‘reduction sequence’ or as a chaîne operatoire (Flenniken and White 1985; 

Lemmonier 1993). While these approaches describe how stone artefacts are 

manufactured and maintained, the aim of that description differs. A reduction sequence 

defines discrete stages in tool production and use that are characterised by the 

changing morphology of stone artefacts within an assemblage (Flenniken and White 

1985). This approach provides a conceptual framework for comparing large data sets 

and focuses on investigating macro-scale processes such as responses to different 

environmental conditions (as defined by Torrence 2001). However, the reduction 

sequence belies the complexity of the systemic context described by Schiffer 

(1972:158). Magne (2001:22) for example, argues that reduction should be viewed as a 

continuum rather than a staged process. In contrast, the chaîne operatoire describes a 

dynamic and continuous process of reduction (Lemmonier 1993). It concentrates on 

the process rather than the aim of manufacture and use and investigates choices made 

during production. This approach may employ re-fitting in lithic assemblages to 
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investigate skill attainment, cognitive behaviour and social relationships (e.g. Bleed 

2011; Dobres and Hoffman 1994). Moving beyond the duality of these approaches, 

each contributes to the technological analysis undertaken here. While reduction is 

considered as a continuous process, the broad stages are defined and the attributes 

that describe these stages will be used as a means of characterising the experimental 

knapping assemblages and the Weld Range data set.  

Prior to analysis all clearly erroneous records were removed from the Weld Range data 

set (these records can be found on a separate worksheet in the raw data files in 

Appendix 4. Erroneous records were identified where an attribute was missing from the 

record. Similarly, if a recorded included attributes that it shouldn’t (e.g. a proximal flake 

fragment with a termination recorded) it was noted as an error. Metric attributes were 

also inspected for values orders of magnitude larger than might be expected (e.g. a 

flake 6 times wider than it is long). Where original paper records were available these 

were inspected to determine if the erroneous record could be rectified. Otherwise the 

record was removed from further analysis.   

Definition of stone artefact attributes 
A range of attributes were recorded in the Weld Range data set to describe the process 

of core reduction and stone tool maintenance. This process begins with the selection of 

a suitable core and hammer stone and then a flake is removed. Over time, more flakes 

may be removed from the core, cortex is removed and cores and flakes become 

smaller. Some flakes may break during manufacture. As platform angles and core 

shape become unsuitable for continued flake production, cores are rotated and flaking 

face orientation becomes more varied as any suitable portion of the core is used. 

These traits of core reduction are reflected in the flakes produced and may in some 

cases be formalised to produce a specific product such as a blade or a wide, thick flake 

for use as an adze. In the following section the definition of and information described 

about the reduction process of each core and flake attribute is discussed. The power of 

a technological analysis comes not from individual artefacts, attributes or the 

identification of tool types but from the picture that is created by describing the 

continuum of stone tool production and rejuvenation as well as testing trends noted in 

one attribute with the results of another (Bradbury 1998). 

Artefact type 

All flaked stone artefacts of each raw material type in the assemblage Weld Range and 

experimental assemblages were categorised into one of the following general classes; 

core, unmodified flake, retouched or utilised flake and unmodified angular fragment. 

These classes describe the function of that object within the reduction process with 

core describing an object used to produce a flake and/ or angular fragment that might 
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then be used and/ or retouched. Each describes the form in which an artefact was 

discarded (e.g. a flake, subsequently used as a core was described as a core). These 

categories have mutually exclusive features limiting recording error and making this 

one of the most robust attributes recorded in the data set.  

A core exhibits one or more points of initiation where flakes have been removed 

producing negative scars. Cores were further classified by the number of platforms 

observed, single platform cores and multi-platform cores, or as bi-facial cores 

(produced by flake removal from alternate platforms along an edge) or bi-polar cores 

(produced by a hammer and anvil and exhibiting opposing platforms). If the core is 

broken, truncating the negative flake scars but retaining the platform, it was described 

as a core fragment. The presence of cores at a location suggests that tool-manufacture 

took place at that spot, although this does not preclude other reasons for discard such 

as caching or discard of a heavy or exhausted item. Further classifications provide 

evidence for the presence/ absence of core rotation during reduction and these indicate 

reduction intensity as well as the use of different knapping techniques (Dibble et al. 

1995; Kuhn 1995; Whittaker 1994). The ratio of single platform to multi platform cores, 

therefore, provides a measure of core reduction intensity. Multiple platforms indicate 

rotation of the core, most likely following exhaustion of one or more platforms. This can 

be a response to diminishing raw material supply and/ or reflect material of sufficient 

quality to warrant additional knapping.   

A flake has a ventral surface identified by the presence of force lines, ripple marks and/ 

or a point of initiation. If a flake preserves a ventral surface, point of initiation (or a 

bending initiation) and intact margins, it is described here as a complete flake (Sullivan 

and Rozen 1985:759). High proportions of complete flakes are indicative of little post-

depositional damage in the assemblage (Prentiss and Romanski 1989:95). The relative 

proportion of different breakage types provides insight into the process of tool 

manufacture and maintenance as well as raw material fracture mechanics, a knapper’s 

competence and post-depositional processes such as trampling (Bleed 2002; Bradbury 

et al. 2008; Hiscock 1985; Prentiss and Romanski 1989). The identification of artefact 

breakage in the Weld Range data set followed Sullivan and Rozen  (1985:758-759) 

and was based on the presence or absence of a single interior (ventral) surface, a point 

of initiation and intact lateral (side) margins. Broken artefacts were classified into those 

that were longitudinally, proximally and marginally broken (Figure 5.4). 
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Figure 5.4. Diagrammatic representation of break classifications. 

 

When an artefact was broken along the percussion axis, from the platform to the distal 

margin, it was defined as a longitudinally broken flake. This type of break can occur 

during manufacture as a result of excessive force moving through the percussion axis 

and it is more common early in the reduction sequence, particularly during blade 

production (Clarkson and David 1995:33; Hiscock 1988:365-366). A proximally broken 

flake and a marginally broken flake preserve a point of initiation with a break that 

interrupts the percussion axis. The former break runs parallel to the platform while the 

latter truncates the platform but preserves the point of initiation and, sometimes, a 

portion of the distal margin. These breaks along with distal flake fragments, which are 

fragments with an intact distal margin but not point of initiation, are common in 

assemblages affected by trampling with breakage occurring along the weakest point of 

a flake (Prentiss and Romanski 1989:96). The remaining fragment types help to 

quantify assemblage breakage (Hiscock 1985:86).  

A comparison of the minimum number of flakes (MNF) to the number of cores was 

used to provide a robust measure of reduction intensity (Dibble et al. 1995:267; 

Holdaway et al. 2004:48). MNF describes the relative abundance of flakes produced by 

counting each artefact with a point of initiation plus half of the longitudinally broken 

flakes (Hiscock 2002; Holdaway et al. 2004). It accounts for breakage because, if only 

complete flakes were counted, the proportion of flakes would be artificially deflated. As 

flake manufacture proceeds an increasing number of flakes are removed from the core 

resulting in a higher MNF value. Artefact type is recorded for all artefacts within the 

Weld Range data set and describes mutually exclusive categories, making the MNF to 

core ratio one of the most reliable measures of reduction intensity used in this 

research.  
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Where a fragment exhibits negative flake scars but does not preserve a point of impact 

or ventral surface it has been classed as an unmodified angular fragment (Driscoll 

2011: 736, following Inizan et al 1999; Holdaway and Stern 2004:113). These pieces 

can be produced during manufacture as a result of non-conchoidal fractures from faults 

and flaws shattering a flake or as a result of post-depositional breakage of cores and 

flakes.  A high proportion of these fragmented pieces may indicate the presence of 

faults or flaws in a lithic raw material resulting in unpredictable shatter during flake 

manufacture. Unmodified angular fragments also preserve information about the 

movement of different raw material types.  

During use, small fractures occur along the edge of a tool and these are typically 

restricted to a portion of a margin and can be (except in the case of sawing) more 

invasive on either the ventral or dorsal surface (Fullagar 1988). Used flakes, as they 

are referred to in this data set, have macroscopic examples of these use attributes and 

were further recorded using the breakage classifications described for unmodified 

flakes above. While the identification of use-wear was restricted to the clearest 

examples, there remains the potential that natural and non-tool use edge damage such 

as trampling was confused with use-wear. Furthermore, for other flakes in the 

assemblage, use may not have resulted in the development of use-wear, particularly at 

a macroscopic level. In the absence of a microscopic use-wear analysis, neither of 

these potential misclassifications can be assessed. For the purpose of the analysis 

undertaken in this study the small proportion (<1%) of used flakes in the Weld Range 

data set were excluded.  

Retouched flakes have evidence of systematic modification or resharpening consisting 

of a series of small flake scars extending from the margins onto the ventral and dorsal 

surface.  Retouch acts as a means of extending the use-life of a flake by either 

producing a desired shape or rejuvenating of a blunted edge (e.g. Bleed 1986; Hayden 

1977). The proportion of retouch flakes, relative to unmodified flakes, therefore, reflects 

reduction intensity with higher proportions of retouch occurring in more reduced 

assemblages. In the case of this study, the proportion of retouch also serves as a 

means of distinguishing between tool-stone resourcing strategies. As an indicator of 

use-life extension, high proportions of retouch are evidence of a tool conservation 

strategy. However, previous consulting reports from the Weld Range indicate that 

retouch will be rare in the Weld Range data set (Eureka 2011a: 312). This may affect 

the reliability of this measure where only one retouched artefact exists in a distance 

category for a raw material type. While these categories have been excluded from 

analysis, retouch is nonetheless considered a less robust measure compared with, for 

example, MNF to core ratios.  
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A series of formal flaked tools, of the sort commonly identified in Australian stone tool 

assemblages (Holdaway and Stern 2004), are noted in the data set used here: blades, 

tula adzes, notched pieces, denticulate pieces and backed pieces. The attributes of 

these artefacts were first recorded using the criteria above and then the formal tool 

type noted in the comments. This allows a comparison of attributes relating to all 

retouched flakes or unmodified flakes (e.g. breakage patterns) while recording the 

presence of a recognisable formal tool type.  

A blade is a variety of flake that is more than twice as long as it is wide (Bar-Yosef and 

Kuhn 1999:323). More detailed technical definitions include the presence of parallel 

dorsal ridges and the scars of platform preparation. Blades provide a maximum of 

cutting edge to mass and are often associated with strategies to manage tool-stone 

supply providing a flexible tool design as defined by Bleed (1986) and Nelson (1991).  

A tula adze is a wide, complete flake with a broad platform and pronounced bulb of 

percussion (Mulvaney 1969:71-72). Steep retouch extends along the distal margin, 

sometimes extending onto the lateral margins, and is initiated from the ventral surface 

(Holdaway and Stern 2004:253). When the retouched edge nearly abuts the platform 

and retouch becomes impossible, the adze is referred to as a tula adze slug (Holdaway 

and Stern 2004:253). Tula adzes are often associated with wood-working; a functional 

correlation is noted in ethnographic literature describing tula adze (Gould et al. 1971; 

Hayden 1977). Furthermore, experimental work has demonstrated the suitability of this 

form in processing the hard woods of the Australian arid zone as well as soft wood 

species (Akerman 2005), edge retention (Gould and Saggers 1985) and for efficiently 

removing wood shavings (Kamminga 1978). It should be noted that both ethnographic 

and experimental work emphasise that the association between form and function is 

non-exclusive (Hayden 1977; Kamminga 1978). 

While uncommon in the Weld Range data set, a small number of notched and 

denticulate pieces have been identified. Notched pieces are flakes on which one or 

more concave scars are formed on the margin using sharp blows (Holdaway and Stern 

2004:165, 238). Denticulate pieces are defined as having a series of regularly 

separated teeth created by small flake removals (Holdaway and Stern 2004:165, 238). 

Notched and denticulate pieces have been loosely associated with wood-working by 

ethnographic observation (Hayden 1977:185; Kamminga 1978:345).  

The final formal tool type described in the data set is backed artefacts. These are 

flakes with one abruptly retouched margin forming a blunted edge (Mulvaney 

1969:229). In some cases a geometric microlith will be formed through more extensive 

retouch along two margins removing some, or all, of the platform and distal margin and 
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forming a geometric shape in plan view. While backed artefacts are in some regions 

produced in a highly standardised fashion, their function remains speculative (Hiscock 

and Attenbrow 2011:27; Holdaway and Stern 2004:262-263). Use-wear and residue 

analyses by Robertson et al. (2009) have reinforced earlier suggestions (McCarthy 

1948:31-32; Mulvaney 1975:229) that they were hafted and provide evidence that they 

were used to process a range of materials including wood, plants, bone, meat, skin and 

feathers.  

Formal flaked tools indicate the use of systematic and controlled techniques of flake 

manufacture and/ or retouch. These tools, particularly backed pieces and tula adzes, 

are frequently described as technological responses to other pressures such as 

colonisation of new environments (Lamb 2011), tool-stone supply (Doelman 2008) and 

environmental instability (Hiscock 1994). They provide flexible and transportable 

(sensu Nelson 1991) flakes and tools and reflect a tool conservation strategy. They are 

also commonly associated with tool-stone selectivity, most likely as a result of 

functional requirements (e.g. Doelman 2008; Lamb 2011).  

Metric attributes 

Metric attributes were recorded to the nearest millimetre for all flaked artefacts using 

vernier callipers. For the purpose of the analysis presented here, metric records 

provide evidence for two aspects of the tool-stone resourcing strategies: reduction 

intensity and standardisation. Given the reductive nature of flake manufacture, size 

provides a relative measure of reduction intensity where the raw material is the same 

and if source material is of similar size (Dibble et al. 1995:267). Where recorded using 

readily identified features, metric attributes are one of the most robust methods for 

measuring reduction intensity because of the reductive nature of lithic technologies 

(although see results in Chapter 6).  Metric attributes also describe assemblage 

standardisation; an attribute that may indicate raw material management strategies 

(e.g. Faulkner 2011; Hiscock 2005). For instance, Torrence (2000) used 

standardisation in obsidian flake size as one attribute for investigating adaptations to 

spear design made by people living in the Admiralty Islands (Manus Province), Papua 

New Guinea during trade relations with Europeans between 1860s and the 1980s. 

From the late 1800s museum collections reflect a reduction in the size of the relatively 

expensive obsidian component of these spears (Torrence 2000:122). Torrence 

(2000:131-132) argues that this reflects production of these items for global trade, with 

the Admiralty Islanders exploring cost and energy saving methods of production while 

the European traders received good that satisfied changing global fashions.  

Several definitions of artefact length, width and thickness are used by archaeologists 

(Holdaway and Stern 2004:138). In the Weld Range data set, orientated measures, 
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where appropriate, were recorded for all artefacts described in detail (n=14,346). 

Orientated measurements describe technological aspects of flake production, including 

the shape as well as size of flakes produced (Hiscock 1988:366). Oriented length was 

measured along the percussion axis following a perpendicular line from where the 

hammer stone struck the flake (the point of initiation) to the distal margin (Figure 5.5). 

Orientated width was measured perpendicular to the orientated length and at the mid-

point and the orientated thickness measured perpendicular to the intersection between 

length and width measurements. For artefacts that lack the standard reference features 

that enable repeatable orientation (e.g. multi-platform cores and angular fragments), 

maximum dimensions were recorded. Maximum length describes the largest possible 

dimension of a stone artefact.  As with orientated measurements the maximum width 

was measured perpendicular and at the mid-point of the maximum length and the 

maximum thickness was perpendicular to both the previous measurements. 

 
Figure 5.5. Diagrammatic representation of orientated and maximum length and width measures. 

 

Core attributes 

While the description of artefact type does provide some insight into the intensity of 

core reduction, the distinction between single or multi platform core masks further 

complexity. For example, a single platform core may preserve four flake initiations 

while a multi platform core may only have a single flake initiation from each of two 

platforms. Core reduction intensity could be argued in this case to be higher for the 

single platform core. Number of core platforms and number of flake initiations were 

recorded in the Weld Range data set and are used here to investigate core reduction 

intensity in more detail. The number of core platforms provides evidence for core 

rotation, a feature of flake manufacture that typically occurs towards the end of the 

reduction sequence when the angle on previous platforms becomes unworkable and a 

new platform is selected (Flenniken and White 1985:140). It describes the number of 

surfaces from which flakes were removed. Similarly, as core reduction increases the 

number of flake initiations will also increase (Arnold 1987:214). The number of flake 

initiations records the number of points of impact still visible on the core face 
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regardless of whether the flake scar is complete. Some caution should be taken when 

considering number of flake initiations, as it is influenced by raw material size, with 

fewer flake removals possible from smaller cobbles, and previous flakes may have 

removed evidence of earlier points of impact (Maudlin and Amik 1989:73). That said, it 

is the closest available record of the number of flakes removed from a core. 

Cortex 

Cortex is the natural surface of a rock that has been exposed to chemical and physical 

weathering and its presence on cores, flake platforms and flake dorsal surfaces is used 

to describe reduction intensity. Experimental studies have shown that the removal of 

cortical surfaces from the core face occurs towards the beginning of the reduction 

sequence, with increasingly small proportions of cortex remaining as reduction 

continues (Andrefsky 2005:102; Maudlin and Amik 1989:70; Odell 1989:185; Tomka 

1989:141). While high proportions of cortex are more common during the initial stages 

of tool production and rare in later stages, reduction may continue for some time after 

all cortex has been removed from a core. Cortex was visually estimated in the Weld 

Range data set to the nearest 10% for the whole core surface and for the dorsal 

surface on flakes. It included heat fractured surfaces. To account for inaccuracies in 

estimates of cortex proportion, this data was then aggregated into four categories: 

100%, 50-99%, 1-49%, Absent.  

Platform attributes 

For the purpose of this analysis, records of platform attributes for cores and complete 

flakes were used to investigate reduction intensity and standardisation. The surface 

and shape of the platform varies as reduction continues (Tomka 1989:147, Morrow 

1984:21, Magne and Pokotylo 1981:36). In the Weld Range data set, platform surface 

was recorded as cortical, flat, flaked, focalised, collapsed, crushed or heat fractured. A 

cortical platform preserves the unmodified cortical surface of the core.  Flakes removed 

early in the sequence of reduction are typically characterised by cortical platforms 

(Andrefsky 2005:94; Hiscock 1988:372).  As reduction continues and the core is 

rotated to make use of non-cortical surfaces, platforms will preserve increasing 

numbers of negative flake surfaces. A flat platform is a single smooth section of a 

negative flake scar where a flake was previously removed.  A flaked platform has two 

or more clear flake scars. These surfaces (flat and flaked) indicate core preparation, 

facilitate greater control over platform angle and are often associated with standardised 

techniques such as blade production (Hiscock 1988:373; Magne and Pokotylo 1981:36; 

Tomka 1989:147). A focalised platform occurs when the hammer stone has struck the 

core near the edge of the platform and the flake retains almost none of the platform. 

Focalised platforms can indicate an advanced level of reduction or core preparation 
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(Hiscock 1988:327). It should be noted that high proportions of focalised platforms may 

occur in otherwise minimally reduced assemblages for raw materials such as quartz 

that fracture unpredictably (Bordes and Crabtree 1969:3). Collapsed or crushed 

platforms are caused when the platform is damaged during impact. This type of 

platform often occurs as a result of a bi-polar technique (Holdaway and Stern 

2004:120).  

Descriptions of the platform surfaces must be considered with caution (a point 

reinforced in Chapter 6). The process of rotating the core only produces a tendency for 

one type of platform type or another. It takes the removal of a single flake on a 

intensively used and rotated core to produce a flat platform and remove previous flake 

scars. Similarly, core rotation may result in the use of cortical surfaces late in core 

reduction. It is important to consider platform surface data alongside other reduction 

intensity attributes, such as cortex, to ensure reliability. 

For flakes, the platform shape was also described in the Weld Range data set and is 

used in this analysis as an indicator of flake manufacture control. Flake platforms were 

allocated to one of four categories; wide area, collapse/ crushed, focalised or gull wing.  

A wide area platform is defined as a surface where the surface area of the platform is 

more than twice the area of the point of applied force. Collapsed/ crushed platforms 

were defined as above for platform surface. A gull wing platform is thin and wide with a 

plan view similar to a flying gull face-on.  Gull wing platforms are created by the 

removal of three flakes from the same platform prior to the removal of the recorded 

flake by striking immediately behind a previous point of impact (Hiscock 1988:372). 

However, this platform shape can occur randomly or without intention of the knappers 

behalf. Focalised platforms often result from overhang removal or the application of 

force to a prominent point on the platform (Hiscock 1988:372). Focalised and gull wing 

platforms indicate that the force applied was not excessive and the blow was placed 

close to the edge (Hiscock 1988:372).  These platform shapes are usually interpreted 

as indicating careful and skilled stone flaking techniques (although the tendency for 

unpredictable materials to produce focalised platforms is noted). 

Dorsal flake scars 

Dorsal flake scars are formed by the removal of flakes from the core face prior the 

removal of the flake being recorded and present another indicator of reduction 

intensity. Core reduction results in increasing numbers dorsal flake scars (Andrefsky 

2005:106; Johnson 1987:193).  It should be noted that the number of dorsal flake scars 

is also influenced by flake size, flaking technique and size of the raw material (Baumler 

1988:262; Maudlin and Amik 1989:73; Odell 1989:178; Shott 1994:80).  The number of 
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dorsal scars was recorded for complete flakes and flake fragments. Heat fracture, 

common in the Weld Range which experiences extreme heat in summer, can mimic the 

appearance of dorsal flake scars. In the Weld Range data set, recorders were asked to 

estimate the proportion of heat fracture on core and dorsal surfaces. This was, in part, 

a check to ensure that the recorder assessed the potential for this process to mimic 

dorsal flake scars. Nonetheless, like platform surface, this attribute should only be 

considered in relation to other more robust measures of reduction intensity. 

Other attributes 

An additional two attributes, recorded in the Weld Range data set, present information 

about the use of specific technological processes. Overhang removal describes small 

flake scars, initiated from the core platform, that run onto the core face (Whittaker 

1994:101). These appear as small negative flake scars at the proximal end of the 

dorsal surface of a detached flake or at the core platform (Hiscock 1988:367). They are 

removed by brushing the hammer stone along the edge of the core platform in order to 

detach any thin overhangs or small incipient fractures caused by earlier flake removal. 

This functions to make the platform angle close to 90 degrees in order to prevent 

platform shatter (Hiscock 1988:16, 367; Whittaker 1994:102). The use of overhang 

removal in manufacture is indicative of core preparation and can present additional 

evidence for the use of specialised production techniques such as blade manufacture 

(Flenniken and White 1985:135; Torrence 1986:195-196). A relatively high proportion 

of overhang removal in tool-stone type assemblages in the Weld Range most likely 

indicates use of a resourcing strategy other than expedient use. This attribute can be 

confused with crushing of the platform during flake detachment and is considered less 

reliable than other attributes described here. 

Termination type describes the way in which the percussion force exits the core, 

removing the flake. A range of termination types were recorded in the Weld Range data 

set: feather, step, hinge, retroflexed hinge, plunging, overshot and axial. Figure 5.6 

illustrates the definition of these terms. Where the distal margin has been retouched 

the termination type is recorded as such. Non-feather terminations are generally 

considered knapping errors as they make further flake removal from the core 

challenging (Cotterell and Kamminga 1987:700; Hiscock 1988:15-17; Macgregor 

2005:63; Whittaker 1994:106). Feather terminations form an acute cutting edge, a 

desirable outcome, and present no barrier to further flake removals (Cotterell and 

Kamminga 1990:145; Pelcin 1997:1107; Whittaker 1994:106). If produced in high 

proportions, feather terminations may reflect a specific knapping strategy or knapper 

skill (e.g. Clarkson and David 1995:31; Holdaway and Irwin 1994:21). Hiscock (2005) 

and Tibbert (2005) have also argued that the high proportion of hinge terminations for 
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greenstone axes blanks at Moondarra quarry resulted from standardised production 

processes. Other termination types can provide evidence for the effects of raw material 

composition. For example, overshot and step terminations are common when too much 

force has been used in the detachment of the flake relative to the geometry and 

composition of the core (Hiscock 1988:16, 367).  

 
Figure 5.6. Diagrammatic representation of flake termination types. 

 

IDENTIFYING TOOL-STONE RESOURCING STRATEGIES 
The Weld Range data set has been recorded in a systematic manner and over an 

extensive area with a wide range of features and attributes recorded. However, it is 

acknowledged that errors will have been incorporated within this data set. Multiple 

attributes are, therefore, investigated before a resourcing strategy is identified creating 

a more robust argument. Descriptive statistics were used to identify trends in reduction 

intensity and standardisation for each raw material type at increasing distance from the 

source. The significance of apparent changes in trends identified in the descriptive 

statistics was assessed using the PAST statistical package (Hammer et al. 2001) to run 

a Mann-Whitney U test. As noted above, this test does not assume normal distribution. 

The null hypothesis for this test was that all samples were taken from the same 

population and was rejected when the probability was less than 0.05.  

Table 5.3 describes how resourcing strategy and assemblage features relate to the 

spatial and technological analyses. This table presents a matrix for identifying 

resourcing strategy or strategies for each tool-stone type at increasing distance from 

the source. It is anticipated that raw material curation through waste minimisation and/ 

or tool conservation will be evident as distance to tool-stone increases with materials 

managed using these strategies moved further and more frequently. To reinforce the 

identification of these strategies and to distinguish between waste minimisation and 

tool conservation, technological attributes are considered. In both instances, increased 

reduction intensity and standardisation would be expected as distance from a source 

increased and supply of these valued materials was curated. If tool conservation is 

being employed then the proportion of retouched flakes will increase relative to 
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unretouched flakes. Evidence for staged reduction in the Quarried Outcrop and 

Surrounds assemblages may also be present if flakes are being produced for transport 

and retouch. Trade production will most likely result in preferential movement of 

standardised and carefully prepared products with evidence for core preparation and 

staged manufacture. 

Table 5.3. Analytical framework for identifying tool-stone resourcing strategies. 

Assemblage 
features With distance to a source 

Ex
pe

di
en

t  
us

e 

W
as

te
 

m
in

im
is

at
io

n 

To
ol

 
co

ns
er

va
tio

n 
 

Tr
ad

e 
pr

od
uc

tio
n 

Movement of tool-
stone 

Moved  further, on average, from a source than other 
tool-stone types 

No Yes Yes Yes 

Comprises an increasing proportion of assemblage No Yes Yes Possible 

Continued 
maintenance 

Unmodified to retouched flake ratio decreases No No Yes Possible 

Formal tools are more common No No Yes Yes 

Core preparation/ 
reduction intensity 

Gull wing/ focalised platforms are more common No Yes Yes Possible 

Flaked/ focalised platforms are more common No Yes Yes Yes 

Overhang removal is more common No Yes Yes Yes 

Reduction intensity Flake to core ratio increases No Yes Yes Possible 

Single to multi platform core ratio increases No Yes Yes Possible 

Cores, complete scars and flakes are smaller No Yes Yes Possible 

Cores with 3+ platforms are more common No Yes Yes Possible 

Cores with flat/ flaked platforms are more common No Yes Yes Possible 

Proportion of cortex diminishes on cores and flakes No Yes Yes Possible 

Flakes with 3+ dorsal scars are more common No Yes Yes Possible 

Standardisation Elongation index increases No Yes Yes Yes 

Standard deviation decreases No Yes Yes Yes 

Technical 
standardisation 

Staged reduction evident in assemblage distribution No No Possible Yes 

Reduction is only evident at the quarry No No No Possible 

 

CHAPTER SUMMARY 
The methods outlined in this chapter are a bridge between the Weld Range data set 

described in Chapter 3 and the interpretive framework developed in Chapter 2. The 

experimental knapping program provides new insight into the tool-stone categories 

used in the Weld Range data set as well as describing tool manufacture predictability 

and reduction indices. A spatial analysis investigates natural and cultural tool-stone 

movement evident in the Weld Range data set. Additional evidence for different tool-

stone resourcing strategies that may have been in operation in the Weld Range is then 

provided by a technological analysis. Together, the results produced will be compared 

with experimental knapping data to investigate motivations for tool-stone selection. In 

the next chapter (Chapter 6), the results of experimental knapping program will be 

described.
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CHAPTER 6. EXPERIMENTAL KNAPPING PROGRAM 
RESULTS 
It is argued here that if tool-stone types are valued differently in an environment like the 

Weld Range, where a range of tool-stone sources occur frequently, some materials will 

be favoured over others and that this will be indicated by the use of different 

management strategies such as expedient use, waste management and/ or tool 

conservation. Yet little is known about the characteristics of Weld Range tool-stone 

types. Of particular relevance to this study is the validity of current tool-stone 

categories employed in the data set used in this study, how reduction intensity is 

evident in assemblages produced using Weld Range raw materials, and how the 

characteristics of these materials affect the predictability of flake manufacture, used 

here as an indicator of tool-stone quality.   

In this chapter the results of a program of experimental knapping using Weld Range 

raw materials is used to address these problems. The fresh break surfaces exposed by 

the experimental knapping program are used to describe these materials and the 

assemblages produced are described so that reduction indices for Weld Range tool-

stone types can be defined. Using qualitative statements of raw material performance, 

field observations of tool-stone outcrop variability and the knapped assemblage 

records, the flake manufacture predictability of each raw material is assessed. The 

term predictability encompasses a range of characteristics that might be favoured by 

past lithic users: ease of finding a suitable cobble, ability to control the outcome of the 

knapping process and the product. Predictability is used here as a proxy for tool-stone 

quality which is a possible influence on tool-stone selection and resource management. 

RAW MATERIAL CATEGORISATION 
The knapping experiment produced fresh fracture surfaces suitable for preliminary 

description of the collected samples of Weld Range tool-stone. A summary of Weld 

Range tool-stone characteristics is presented in Figures 6.1 - 6.7 and Tables 6.1 - 6.3 

(see also Appendix 2 for a description and additional figures of each knapped cobble). 

Please note that the raw material categories are field descriptions and may not be 

geologically accurate. For example, and as will be discussed below, the term 

‘mudstone’ was selected in the field to describe the fine-grained primary matrix of this 

material. However, the description below indicates that the sampled outcrop is more 

likely the result of metamorphic processes altering a BIF outcrop. 
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Figure 6.1. BIF: (A) Weld-QA-0725, S16; (B) Weld-QA-0725, S17; (C) Weld-QA-09109, S27; (D) Weld-QA-0833, 
S20; (E) Weld-QA-0833, S21; (F) Weld-QA-0833, S22; (G) Weld-QARS-10245, S39; (H) Weld-QARS-10245, S40 

(scale interval = 1 cm). 
 

 
Figure 6.2. Chalcedony: Weld-QA-09112, S25 (scale interval = 1 cm). 

      

 

    

 
Figure 6.3. Chert: (A) Weld-QA-0833, S24; (B) Weld-QA-0833, S25; (C) Weld-Ariella’s Quarry-10270, S32; (D) 

Weld-Ariella’s Quarry-10270, S33; (E) Weld-QA-11370, S36 (scale interval = 1 cm). 

A B C D 

G 
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Figure 6.4. Dolerite: (A) Weld-Q-0987, S34; (B) Weld-Q-0987, S35 (scale interval = 1 cm). 

 

   
Figure 6.5. Jasperlite, mudstone, quartz: (A) Weld-QA-0725, S17; (B) Weld-QA-0833, S23; (C) Weld-QA-0725, S31 

(scale interval = 1 cm). 

 

    
Figure 6.6. Silcrete: (A) Weld-RSQA-10218, S13; (B) Weld-RSQA-10218, 37, Breakaway Caves, SVB48; (C) 

Breakaway Caves, SVB 50 (scale interval = 1 cm). 

 

  
Figure 6.7. Siliceous sediment: (A) Weld-QA-09112, S26, (B) Weld-QA-09136, S29 (scale interval = 1 cm).
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C A B 
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Table 6.1. Summary of primary matrix characteristics for Weld Range raw material. 

Raw material type Grain size (µm) Munsell colour/s Comments 

BIF 
(Figure 6.1) 

Av: 177-250,    Min: 88-152,  
Max:250-350 

Weak red (10R 4/2, 4/3, 4/4, 5/2, 5/3, 5/4) 
Very dark grey (GLEY 1 3/N) 
Reddish black (10R 2.5/1) 
Reddish brown (2.5YR 4/3, 4/4, 5/3, 4/4) 
Yellow (10YR 7/6, 7/8, 8/6, 8/8) 
Brownish yellow (10YR 6/6, 6/8) 
Strong brown (7.5YR 4/6, 5/6, 5/8) 
Red (10R 4/6, 4/8, 5/6, 5/8, 2.5YR 4/6, 4/8, 5/6, 5/8) 
Dusky red (5R 3/2, 3/3, 3/4, 7.5R 3/2, 3/3, 3/4, 10R 3/2, 3/3, 3/4,) 
Dark red (10R 3/6, 2.5YR 3/6) 
Yellowish red (5YR 4/6, 5/6, 5/8) 
Very pale brown (10YR 7/3, 7/4, 8/2, 8/3, 8/4) 
Brown (7.5YR 4/2, 4/3, 4/4, 5/2, 5/3, 5/4, 10YR 4/3, 5/3) 

Weathering along the intersections between iron-rich 
and silica-rich bands has created areas of crumbling, 
loose, silica-poor material. 

Chalcedony 
(Figure 6.2) 

Av: 88-152,     Max: 125-177, Min: 
62-88 

White (WHITE N/9.5) 
Light bluish grey (GLEY 2 7/10B, 7/5PB) 
Red (7.5R 4/6, 4/8, 5/6, 5/8, 10R 4/6, 4/8, 5/6, 5/8, 2.5YR 4/6, 4/8, 5/6, 5/8) 
Yellow (10YR 7/6, 7/8, 8/6, 8/8) 

Banding difficult to detect on one collected artefact. 
May be a result of weathering obscuring banding. 

Chert 
(Figure 6.3) 

Av: 88-125      Max: 177-250, Min: 
<62 

Yellowish red (5YR 4/6, 5/6, 5/8) 
Strong brown (7.5YR 4/6, 5/6, 5/8) 
Dusky red (5R 3/2, 3/3, 3/4, 7.5R 3/2, 3/3, 3/4, 10R 3/2, 3/3, 3/4,) 
Dark red (10R 3/6, 2.5YR 3/6) 
Brownish yellow (10YR 6/6, 6/8) 
Black (5YR 25./1, 7.5YR 2.5/1) 

Calcite inclusions only in Weld-Ariella’s Quarry-10270 
samples along with a thick (5-40 mm) crumbling 
cortex. Quartz inclusions and banding only in Weld-
QA-0833 and Weld-QA-11370. 

Dolerite 
(Figure 6.4) 

Av: 250-350,    Max: 500-710, Min: 
125-177 
 

Bluish grey (GLEY 2 5/5B, 5/10B, 5/5PB, 6/5B, 6/10B, 6/5PB) Weathering has expanded and weakened internal 
flaws that break along flat planes. Thick (5-20 mm) 
weathered cortex. 

Jasperlite 
(Figure 6.5) 

Av: 125-177,   Max: 250-350, Min: 
88-125 

Red (7.5R 4/6, 4/8, 5/6, 5/8, 10R 4/6, 4/8, 5/6, 5/8, 2.5YR 4/6, 4/8, 5/6, 5/8) 
Dark red (10R 3/6, 2.5YR 3/6) 
 

Includes bands of quartz. Weathering along the 
intersections between iron-rich and silica-rich bands 
has created areas of crumbling, loose, silica-poor 
material. 
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Raw material type Grain size (µm) Munsell colour/s Comments 

Mudstone 
(Figure 6.5) 

Av: 88-125,     Max: 177-250, Min: 
62-88 
 

Light brown (7.5YR 6/3, 6/4)  
Reddish yellow (5YR 6/6, 6/8, 7/6, 7/8, 7.5YR 6/6, 6/8, 7/6, 7/8, 8/6) 
Pinkish white (7.5YR 8/2) 
Red (10R 4/6, 4/8, 5/6, 5/8) 

Some examples of weathering along internal flaws 
that break along flat planes, which are iron stained 
and the area around typically coarser-grained. 

Quartz 
(Figure 6.5) 

Av: 1410-2000 Max: >2 mm, 
Min: 710-1000 
 

White (WHITE N/9.5, N/9, 7.5YR 8/1) 
 

Contains larger crystals, some of which fail to fracture 
conchoidally. Areas of calcite and ochreous material 
have formed in internal flaws and faults. 

Silcrete 
(Figure 6.6) 

Av: 250-350,   Max: 1000-1410, 
Min: 125-177 
 

White (WHITE N/9.5, N/9, 7.5YR 8/1) 
Light grey (GLEY 1 4/N) 
Pale brown (2.5Y 7/3, 7/4, 8/2, 8/3, 8/4)  
Weak red (10R 4/2, 4/3, 4/4, 5/2, 5/3, 5/4) 
Pale red (5R 6/2, 6/3, 6/4, 7/2, 7/3, 7/4, 7.5R 6/2, 6/3, 6/4, 7/2, 7/3, 7/4) 
Red (10R 4/6, 4/8, 5/6, 5/8, 2.5YR 4/6, 4/8, 5/6, 5/8) 
Reddish brown (2.5YR 4/3, 4/4, 5/3, 4/4) 

Weld-RSQA-10218 cobbles fractured only semi-
concoidally and may not be representative of this 
material. Weathering and iron staining along internal 
flaws. 

Siliceous Sediment 
(Figure 6.7) 

Av: 125-177,    Max: 177-250, Min: 
88-125 
 

Dusky red (5R 3/2, 3/3, 3/4, 7.5R 3/2, 3/3, 3/4, 10R 3/2, 3/3, 3/4,) 
Dark red (10R 3/6, 2.5YR 3/6) 
Reddish black (5R 25./1, 7.5R 2.5/1, 10R 2.5/1) 
Yellow (10YR 7/6, 7/8, 8/6, 8/8, 2.5Y 7/6, 7/8, 8/6, 8/8)  
Brownish yellow (10YR 6/6, 6/8) 
Red (7.5R 4/6, 4/8, 5/6, 5/8, 10R 4/6, 4/8, 5/6, 5/8, 2.5YR 4/6, 4/8, 5/6, 5/8) 
White (WHITE N/9.5, N/9, 7.5YR 8/1) 
Greenish grey (GLEY 1 5/10Y, 5/5GY, 5/10GY, 5/5G_/1, 6/10Y, 6/5GY, 
6/10GY, 6/5G_/1) 
Grey (GLEY 1 5/N, 6/N) 
Pale yellow (5Y 7/3, 7/4, 8/2, 8/3, 8/4) 
Bluish grey (GLEY 2 5/5B, 5/10B, 5/5PB, 6/5B, 6/10B, 6/5PB) 

Cortex between 1-5 mm thick. Weathering has 
expanded and weakened internal flaws that break 
along flat planes or shatter. 
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Table 6.2. Summary of inclusion characteristics for Weld Range raw material. 

Raw material type Material Frequency Munsell colour/s Size Shape 

BIF 
(Figure 6.1) 

Quartz Low White (WHITE N/9.5, N/9, 7.5YR 8/1) Av: 1 mm wide band 
Max: 40 x 5 mm 

Irregular/ Banding 

Chalcedony 
(Figure 6.2) 

Not applicable     

Chert 
(Figure 6.3) 

Calcite Medium White (WHITE N/9.5) 
Pale brown (2.5Y 7/3, 7/4, 8/2, 8/3, 8/4) 

Av: 2 x 1 mm,       
Max: 35 x 10 mm 

Irregular 

Unconsolidated ochreous 
material 

Medium Red (7.5R 4/6, 4/8, 5/6, 5/8, 10R 4/6, 4/8, 5/6, 5/8, 2.5YR 4/6, 4/8, 5/6, 5/8) 
Yellow (10YR 7/6, 7/8, 8/6, 8/8, 2.5Y 7/6, 7/8, 8/6, 8/8)  

Av: 1 x 1 mm,       
Max: 10 x 10 mm 

Irregular 

Quartz High White (WHITE N/9.5, N/9, 7.5YR 8/1) Av: 5 x 2 mm        
Max: 50 x 20 mm 

Angular, sub-
discoidal/ Banding 

Dolerite 
(Figure 6.4) 

Quartz Medium White (WHITE N/9.5, N/9, 7.5YR 8/1) Av: 1 x 1 mm,       
Max: 2 mm x 2 mm 

Semi-angular, 
spherical 

Jasperlite 
(Figure 6.5) 

Quartz Low White (WHITE N/9.5, N/9, 7.5YR 8/1) Av: 1 mm wide band 
Max: 40 x 5 mm 

Irregular/ Banding 

Mudstone 
(Figure 6.5) 

Not applicable     

Quartz 
(Figure 6.5) 

Unconsolidated ochreous 
material 

High Very pale brown (10YR 7/3, 7/4, 8/2, 8/3, 8/4) 
Yellow (10YR 7/6, 7/8, 8/6, 8/8, 2.5Y 7/6, 7/8, 8/6, 8/8)  

Av: 100 x 50 mm            
Max: 40 x 20 mm 

Irregular 

Silcrete 
(Figure 6.6) 

Quartz Medium White (WHITE N/9.5, N/9, 7.5YR 8/1) 
 

Av: 0.5 a 0.2 mm          
Max: 3 x 2 mm 

Semi-angular, sub-
discoidal 

Siliceous Sediment 
(Figure 6.7) 

Quartz High White (WHITE N/9.5, N/9, 7.5YR 8/1) 
 

Av: 10 x 5 mm       
Max: 25 x 15 mm 

Angular, sub-
discoidal/ Banding 
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Table 6.3. Summary of banding characteristics for Weld Range raw material. 

Raw material type Material Frequency Munsell colour Width  

BIF 
(Figure 6.1) 

Iron High Very dark bluish grey (GLEY 2 3/5B, 3/10B, 3/5PB) 
Dark reddish grey (5R 3/1, 4/1, 7.5R 3/1, 4/1, 10R 3/1, 4/1)  
Strong brown (7.5YR 4/6, 5/6, 5/8) 
Dark bluish grey (GLEY 2 4/5B, 4/10B, 4/5PB) 
Bluish black (GLEY 2 2.5/5B, 2.5/10B, 2.5/5PB) 
Black (5YR 25./1, 7.5YR 2.5/1) 

Av: 3 mm,  
Max: 50 mm 

Chalcedony 
(Figure 6.2) 

Iron staining High Very dark bluish grey (GLEY 2 3/5B, 3/10B, 3/5PB) 
Bluish grey (GLEY 2 5/5B, 5/10B, 5/5PB, 6/5B, 6/10B, 6/5PB) 

Av: 0.5 mm,    
Max: 3 mm 

Chert 
(Figure 6.3) 

Not applicable    

Dolerite 
(Figure 6.4) 

Not applicable     

Jasperlite 
(Figure 6.5) 

Iron High Reddish black (5R 2.5/1, 7.5R 2.5/1, 10R 2.5/1) 
Dark bluish grey (GLEY 2 4/5B, 4/10B, 4/5PB) 
Bluish black (GLEY 2 2.5/5B, 2.5/10B, 2.5/5PB) 

Av: 3 mm,  
Max: 50 mm 

Mudstone 
(Figure 6.5) 

Quartz Low White (WHITE N/9.5, N/9, 7.5YR 8/1) Av: 1 mm,       
Max: 2 mm 

Quartz 
(Figure 6.5) 

Not applicable    

Silcrete 
(Figure 6.6) 

Not applicable    

Siliceous Sediment 
(Figure 6.7) 

Quartz Medium White (WHITE N/9.5, N/9, 7.5YR 8/1) Av: 2 mm       
Max: 5 mm 
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Other materials not sampled 
The remaining raw material categories used in the Weld Range data set are basalt, 

granite, ironstone, quartzite and sandstone. These materials each comprise less than 

5% of the assemblage and, because of time constraints as well as inaccessibility, were 

not sampled. A description of these materials based on geological literature for the 

Weld Range and survey photos is provided below. 

Basalt 
Basalt was defined during field survey and recording as a very fine-grained dark grey/ 

blue to black material (Figure 6.8). Quarries of this material have been identified in the 

southwestern portion of the Weld Range. It seems possible that these basalt outcrops 

resulted from different rates of cooling and crystallisation forming a finer-grained 

material than the slower cooling dolerite (Holmes 1965:109). Basalt and dolerite, which 

grades in some instances into very coarse-grained gabbro, are most likely part of a fine 

to coarse-grained continuum.  

  
Figure 6.8. Basalt: (A) Weld-AS-0709, (B) Weld-QA-KE-11362 (scale = 10 cm). 

  

Granite 
Granite forms the underlying geology of the Yilgarn Craton, in which the Weld Range is 

situated, and outcrops as boulders and low domes in the local area (Elias 1982:13). It 

was defined in the Weld Range data set as igneous material with a granular texture 

and crystalline matrix (Figure 6.9). The very few granite artefacts recorded in the Weld 

Range data set (n=34) were located in close proximity to granite outcrops and are 

unlikely to have been misclassified. 

   
Figure 6.9. Granite: (A) Isolated granite grindstone; (B + C) Weld-A-10259 
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Ironstone 
Ironstone comprises 2.97% (n=899) of the Weld Range data set. It was defined during 

field survey and recording as a dark grey/ black/ silver material, which may have thin 

banding, and is noticeably heavier than other tool-stone types (Figure 6.10). Given the 

characteristics of this material, it is probable that ‘ironstone’ forms the opposite end of 

the BIF continuum from silica-rich specimens, sharing many of the same characteristics 

(e.g. iron-rich bands) but with a higher iron content making it heavy and dark grey/ 

black/ silver in colour (Elias 1982:7). 

    
Figure 6.10. Ironstone: (A) Weld-QA-09191, (B) Weld-Q-10195, (C) Weld-Q-10197 (scale = 10 cm). 

  

Quartzite 
In the Weld Range data set quartzite is defined as comprising a matrix of welded 

quartz grains and is rarely identified (1.37%). Quartzite outcrops recorded to date are 

associated with BIF suggesting that metamorphic processes working on quartz bands 

within the BIF have formed quartzite (Elias 1982:7). Weld Range quartzite shares 

macroscopic characteristics with chalcedony and silcrete (Figure 6.11). Chalcedony is 

defined as translucent, which is an attribute that quartzite can share if the flake edge is 

thin enough. Silcrete comprises quartz grains in a sedimentary matrix but personal 

observations during fieldwork suggest that the distinction between a quartz and a 

sedimentary matrix was inconsistently made. These shared characteristics most likely 

result in overlap in ‘chalcedony’, ‘quartzite’ and ‘silcrete’ categories.   

   
Figure 6.11. Quartzite: (A) Weld-A-10315, (B) Weld-A-10298 and (C) Weld-QA-KE-10331 (scale interval = 1 cm). 
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Sandstone 
Most (85%, n=47) of the 55 sandstone artefacts recorded in the Weld Range data set 

are located within 100 m of the only known quarry of this material. It comprises a 

medium-grained (250-350 µm) pale yellow/ brown matrix with occasional thin bands 

and small areas of quartz (Figure 6.12). While it has been labelled sandstone, this 

outcrop may have formed as a result of recrystalisation of a BIF outcrop given its 

location on a low BIF ridge. 

 
Figure 6.12. Sandstone: Weld-QA-09115, view south (left), artefacts on the ground surface (right, scale = 10 cm). 

 

Relationship between Weld Range raw material categories 
These descriptions further highlight the possibility for confusion between Weld Range 

raw material categories. Metamorphic, depositional and volcanic processes are 

represented in the BIF ridges of the Weld Range, and have created a continuum 

between many tool-stone categories rather than discrete types found at localised 

outcrops. Three continuums can be identified based on geological mapping and 

literature for the Weld Range and the descriptions of tool-stone types presented above. 

The metamorphic events that have shaped the Weld Range since its formation have 

also created a continuum of BIF outcrops suitable for stone tool production. These 

were described in the field using macroscopic characteristics as: BIF, chalcedony, 

chert, ironstone, jasperlite, mudstone, quartzite, sandstone and siliceous sediment. 

Outcrops of these materials occur in the BIF ridges of the Weld Range or, in the case 

of the chert at Weld-Ariella’s Quarry-10270, at the interface between this greenstone 

belt and the Yilgarn Cration. While different metamorphic processes have led to the 

creation of various outcrops of the BIF continuum tool-stone types, they typically grade 

into each other. For example, at Weld-QA-0833 BIF, chert and mudstone outcrop in the 
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same low BIF ridge and quarrying indicates that each outcrop has suitable material for 

stone tool manufacture. When the descriptions above are considered the similarities 

between these BIF spectrum materials are emphasised. At least a proportion of the 

primary matrix of each of the BIF continuum knapped cobbles had a munsell colour 

value described as ‘Red’ and the range of grain size was less than that recorded for 

dolerite, silcrete and quartz (Table 6.1). Similarly, each of these materials has quartz 

inclusions that form bands and iron banding or staining is evident in BIF, chalcedony, 

mudstone and jasperlite. It is therefore argued here that the terms chalcedony, chert, 

mudstone, quartzite, sandstone and siliceous sediment describe the finer-grained, 

silica-rich end of the BIF spectrum while BIF, ironstone and jasperlite describe coarser, 

iron-rich end. 

Intersecting with the BIF continuum is the quartz continuum. While a quartz artefact/ 

source is unlikely to be confused with a BIF artefact/ source, quartz does outcrop within 

the BIF ridges of the Weld Range. As a result of recrystallistion, the quartz within some 

BIF outcrops has been transformed into what is referred to in the Weld Range data set 

as quartzite (coarser-grained) and chalcedony (finer-grained) depending on average 

grain size. This is reflected in the shared munsell colour palate (Table 6.1 and 6.2). As 

noted above the distinction between silcrete and quartzite is based on the matrix that 

holds the quartz crystals. This can be challenging macroscopically, raising the potential 

for misclassification.  

Dolerite and basalt form the third Weld Range raw material continuum. These materials 

vary based on colour and grain size with dolerite describing coarse-grained material 

and basalt finer-grained material. That said, some dolerite artefacts have been 

described as ‘fine-grained’ in the Weld Range data set. Two reasons might explain this 

terminology. First, these artefacts might have been sourced from a light grey/ blue 

basalt outcrop. Second, they may describe a light grey/ blue chert outcrop that has no 

evidence of banding. Further research would be required to resolve this matter. For 

now, the fine-grained dolerite is considered to intersect with chert in the BIF continuum 

in much the same way that silcrete intersects with quartzite in the quartz continuum. 

Despite this variation, some categories of tool-stone can be identified that are unlikely 

to overlap. It is improbable that a BIF artefact could be confused with a dolerite, quartz 

or silcrete one. These materials differ in colour, texture and presence/ absence of 

banding, all of which are easily identified macroscopic characteristics. It is therefore, 

doubtful that a dolerite quarry was the source of a BIF flake. It should be noted that 

these statements cannot be considered definitive. For example, there is the possibility 

that the interface between a dolerite dyke and a BIF outcrop could produce material 

with a blue/grey coarse matrix but with banding present.  
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Secondary sources 
The variation described here presents a challenge for the proposed spatial analysis of 

raw material movement within the Weld Range. A chert artefact may have been 

sourced from a thick silica-rich band at a nearby BIF quarry and not from the more 

distant chert quarry. In this instance, a waste minimisation or tool conservation 

resource management strategy might be posited when expedient use of the nearest 

source was in fact occurring.  

To account for this variation all other probable sources for each tool-stone category 

have been categorised as secondary sources (Table 6.4). In Figure 6.13 the suggested 

relationship between different tool-stone types is displayed. In this way the spatial 

analysis took into account much of the variation described above. It was assumed that 

a BIF quarry could be the source of a chert artefact. Only materials that are highly 

unlikely to be confused (dolerite in the case of BIF) were excluded as potential source 

locations.  

Table 6.4. Summary of secondary source/s for each tool-stone category. 

Raw Material Type Abbreviation Proportion of 
assemblage Secondary Source/s 

Basalt BAS 0.1% DOL 

BIF BIF 41.4% CHAL, CHERT, IS, JAS, M, QZT, SS 

Chalcedony CHAL 12.0% BIF, Q, QZT, SS 

Chert CHERT 10.1% BIF, M, SS 

Dolerite DOL 5.9% BAS 

Granite GRAN 0.1%  

Ironstone IS 3.0% BIF 

Jasperlite JAS 1.6% BIF 

Mudstone M 1.7% BIF, CHERT, SAND, SS 

Quartz Q 18.2% CHAL, GRAN, QZT 

Quartzite QZT 1.4% BIF, CHAL, Q, SIL, SS 

Sandstone SAND 0.2% M, SS 

Silcrete SIL 3.3% QZT 

Siliceous Sediment SS 1.0% BIF, CHAL, CHERT, M, SAND 
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Figure 6.13. Overview of secondary source/s for each tool-stone category. 
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WELD RANGE KNAPPING EXPERIMENT REDUCTION SEQUENCES 
A total of 13 experimentally knapped assemblages were recorded and are used here to 

describe reduction indices for Weld Range raw material types (raw data available in 

Appendix 4). The trends described by these assemblages reflect how metric and 

technological attributes changed during core reduction. These data are important to the 

technological analysis of the Weld Range data set as it facilitates identification of 

reduction intensity. 

Low, moderate and high reduction is artificially defined here by grouping interval 

assemblage data (the product of six hammerstone strikes of the knapping cobble). The 

assemblage produced during the first three intervals of knapping is described as low 

reduction intensity, the last three intervals as high and the intervals in between as 

middle. Cumulative totals for the attributes of flakes produced during knapping are also 

described as these may reflect some surface archaeological assemblages, an 

accumulation of the total knapping process undertaken at a location. Differences in raw 

material reduction sequences are used to characterise reduction indices for each Weld 

Range tool-stone type.  

Core attributes 
While each core exhibited less cortex and increasing numbers of initiations as 

reduction proceeded, the proportion of cortex removed and number of initiations varied 

at each stage (Table 6.5). Cortex values for chert, mudstone and siliceous sediment 

cores follow the expected pattern of decreasing proportions of cortex as reduction 

continued. It should be noted that cortex removal for the mudstone core plateaued after 

the midpoint in reduction as flaking continued along one flaking face, removing similar 

proportions of mass and cortex. This trend, noted in mudstone, was more pronounced 

for the chalcedony core. For the BIF core a relatively high proportion of cortex was 

removed before stabilising at a value higher than chert, chalcedony, mudstone and 

siliceous sediment. Jasperlite, dolerite, quartz and silcrete cores exhibited a steady 

reduction in cortex but with high proportions still present at the end of the reduction 

sequence. The number of initiations present on the core as reduction continued was 

non-linear for most materials used in the experimental knapping program. This resulted 

from the removal of flake scar initiations during continued flaking along the same 

flaking face, when the core split and when it was rotated. Only mudstone and silcrete 

record greater numbers of initiations at each interval.  
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Table 6.5. Experimental assemblages: Core attributes at different intervals during core reduction (Note: Core 
attributes were recorded for one of the three BIF cobbles knapped and one of the two silcrete cobbles). 

Raw material 
type Other attributes Knapped 

Cobble Early Middle Late 

BIF % core cortex S16 63 23 23 
# of flake initiations S16 3 3 2.5 

Chalcedony % core cortex S30 80 40 15 
# of flake initiations S30 3 7 4 

Chert % core cortex S33 90 10 10 
# of flake initiations S33 3 7 2 

Dolerite % core cortex S34 80 80 40 
# of flake initiations S34 3 2 1 

Jasperlite % core cortex S18 75 30 0 
# of flake initiations S18 2 5 5 

Mudstone % core cortex S23 80 60 10 
# of flake initiations S23 3 2 5 

Quartz % core cortex S31 90 75 60 
# of flake initiations S31 2 4 2 

Silcrete % core cortex S13 90 75 40 
# of flake initiations S13 2 5 2 

Siliceous 
sediment 

% core cortex S29 85 35 20 
# of flake initiations S29 3 6 8 

 

The variation described for core attributes highlights two challenges for using these 

attributes to describe reduction intensity. First, the removal of core mass does not 

necessarily remove cortex. If flake removal occurs along one flaking face, cortex values 

will plateau. Core rotation can also result in the removal of non-cortical mass, such as 

areas of step fracturing or weathered material, artificially increasing the proportion of 

cortex. Caution must, therefore, be taken when using core cortex as an indicator of 

reduction intensity as high cortex values may occur throughout flake manufacture. 

Second, core rotation may indicate higher reduction intensity but this action can be 

accompanied by fewer negative flake initiations. Core attributes recorded during the 

experimental knapping program serve as a reminder that multiple attributes need to be 

considered when assessing assemblage reduction intensity. 

Metric attributes 
Contrary to the expected decrease in size as more mass is removed from the core, 

changes in average maximum and orientated dimension of cores and flakes produced 

from Weld Range materials varied (Figures 6.14 - 6.17, Table 6.6). Flaked pieces 

removed from each of the three BIF cobbles follow different trajectories. While all three 

became smaller as reduction continues with most mass lost early in the sequence, this 

trend is barely evident for BIF cobble S27. Complete flakes produced from S27 remain 

similar in size and shape throughout reduction. This is also the case for the chalcedony 

assemblage and may relate to banding assisting or impeding force propagation, 

depending on the characteristics of band intersections. Chert is more variable. The 
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maximum dimension for all flaked pieces decreases with reduction, particularly during 

initial reduction. However, complete chert flakes became slightly longer in the middle of 

the sequence. It is possible that this occurred as a result of the removal of thick, force 

inhibiting cortex in the middle of the sequence facilitating removal of larger fakes. 

Jasperlite flaked pieces became somewhat larger and complete flakes longer but 

thinner at the mid-point in reduction of the core but the magnitude of the variability was 

low for all measures other than orientated width. This may reflect banding in this 

material, as with the BIF and chalcedony above. Maximum dimension and orientated 

measures for mudstone complete flakes demonstrate a trend for decreasing size with 

increasing reduction. In contrast, quartz flaked pieces increased in size towards the 

end of the reduction sequence and complete flakes became wider at the mid-point. 

This may be because of faults and flaws creating larger fragments throughout the 

reduction sequence. Both silcrete cobbles produced assemblages of flaked pieces and 

complete flakes that became smaller, shorter and thinner as reduction of the core 

continued.  This trend was more pronounced in the assemblage produced by silcrete 

cobble S13. Siliceous sediment flaked pieces become smaller as do complete flakes. 

This is most pronounced for orientated complete flake length and thickness. Dolerite 

flaked pieces became smaller in maximum dimension as reduction of the core 

proceeded but the complete flakes produced became larger in each orientated 

dimension during the middle of the reduction sequence. 

These results indicate that the assemblage produced from each cobble, and complete 

flakes specifically, generally became smaller as reduction continued. However, most 

exhibit variation. Dolerite proved the greatest exception to this trend with complete 

flakes becoming longer, wider and thicker at the mid-point in reduction. This may reflect 

the difficulty experienced by the knapper in detaching dolerite flakes. Given the 

extraordinary force required, complete flakes, when produced, tended to be large. It 

should also be noted that complete flakes produced from one BIF cobble, one silcrete 

cobble and the chalcedony, jasperlite and quartz cobbles changed little during 

reduction. Size and shape of the original cobbles were diverse and this cannot 

therefore explain this result. While the small sample size of this experiment could have 

affected these results, it may also be the result of internal flaws and banding impeding 

flake propagation and limiting flake size. For BIF, chalcedony, dolerite, jasperlite, 

quartz and silcrete size, as an indicator of reduction intensity, should be considered 

with caution. 
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Figure 6.14. Experimental assemblages: Flaked piece average maximum dimension at different intervals during core reduction (mm). 

 
 

Figure 6.15. Experimental assemblages: Complete flake average orientated length at different intervals during core reduction (mm). 
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Figure 6.16. Experimental assemblages: Complete flake average orientated width at different intervals during core reduction (mm). 

 
Figure 6.17. Experimental assemblages: Complete flake average orientated thickness at different intervals during core reduction (mm). 
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Table 6.6. Experimental assemblages: Average metric attributes at different intervals during core reduction 
(mm). 

Attribute Raw material type Knapped 
Cobble 

Early 
(mm) 

Middle 
(mm) 

Late 
(mm) 

Total 
(mm) 

Fl
ak

ed
 p

ie
ce

 m
ax

im
um

 d
im

en
si

on
 BIF S16 29.94 22.08 20.59 23.50 

BIF S27 24.15 26.57 26.79 25.89 
BIF S40 40.29 29.06 26.39 28.37 
Chalcedony S30 27.93 27.44 25.29 26.65 
Chert S33 41.14 30.72 30.54 31.76 
Dolerite S34 57.00 47.86 38.75 46.04 
Jasperlite S18 31.11 33.03 31.00 31.63 
Mudstone S23 39.79 30.41 29.15 30.69 
Quartz S31 40.50 21.52 28.95 26.73 
Silcrete S13 38.18 28.41 26.93 28.76 
Silcrete S48 31.73 30.38 26.72 29.09 
Siliceous sediment S29 39.31 29.46 30.84 30.97 

C
om

pl
et

e 
fla

ke
 o

rie
nt

at
ed

 le
ng

th
 BIF S16 31.57 18.35 17.11 19.76 

BIF S27 30.60 28.92 27.33 29.10 
BIF S40 52.00 23.21 21.30 23.88 
Chalcedony S30 25.00 27.12 21.38 24.74 
Chert S33 43.71 45.43 31.82 38.19 
Dolerite S34 40.33 48.71 36.20 42.87 
Jasperlite S18 30.55 32.92 29.00 30.73 
Mudstone S23 34.17 29.54 26.33 28.66 
Quartz S31 22.33 24.30 26.17 24.96 
Silcrete S13 39.00 32.17 29.00 31.90 
Silcrete S48 26.75 25.56 23.81 24.67 
Siliceous sediment S29 48.80 34.47 29.08 34.52 

C
om

pl
et

e 
fla

ke
 o

rie
nt

at
ed

 w
id

th
 BIF S16 20.43 17.04 15.74 17.02 

BIF S27 26.00 24.50 22.00 24.50 
BIF S40 32.40 22.09 22.67 23.02 
Chalcedony S30 21.75 23.53 19.62 21.81 
Chert S33 48.43 39.14 26.45 34.16 
Dolerite S34 37.33 51.29 31.40 41.87 
Jasperlite S18 36.36 24.33 31.64 30.68 
Mudstone S23 25.50 24.00 22.67 23.59 
Quartz S31 21.33 28.20 22.58 24.68 
Silcrete S13 22.00 26.23 20.07 23.96 
Silcrete S48 24.75 27.63 21.38 23.85 
Siliceous sediment S29 31.00 30.40 29.92 30.30 

C
om

pl
et

e 
fla

ke
 o

rie
nt

at
ed

 th
ic

kn
es

s BIF S16 6.43 5.52 4.58 5.29 
BIF S27 8.00 8.33 10.00 8.50 
BIF S40 12.00 6.58 7.46 7.38 
Chalcedony S30 5.67 6.18 5.46 5.81 
Chert S33 12.57 11.00 7.73 9.58 
Dolerite S34 13.00 14.86 10.40 13.00 
Jasperlite S18 10.45 9.00 8.64 9.30 
Mudstone S23 8.00 6.88 6.13 6.68 
Quartz S31 8.00 8.40 7.83 8.08 
Silcrete S13 11.60 9.40 7.27 8.98 
Silcrete S48 8.00 9.94 8.77 9.11 
Siliceous sediment S29 13.00 8.27 8.54 9.09 
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Complete flake platform attributes 
For most materials, wide area platforms became more common with continued flake 

manufacture (Figure 6.18, Table 6.7). Focalised and collapsed platforms became less 

common probably as more stable platforms, less prone to fragmenting on impact, were 

created. It should be noted that for one of the BIF cobbles, one of the silcrete cobbles 

and the dolerite cobble, platform fragmentation became slightly more common in the 

later stages of reduction. This may result from smaller platform size resulting in strikes 

close to the platform edge. The knapper also described using greater force during 

some strikes towards the end of core reduction in an attempt to remove step and hinge 

terminations from previous removals on the core face.  

In the dolerite experimental complete flake assemblages, the proportion of wide area 

platforms produced was high, but little changed, throughout reduction. This may be the 

result of the great force required to remove flakes from the core reducing control over 

strike placement.  In contrast, quartz platforms tended to be focalised/ collapsed 

regardless of reduction intensity. Given the propensity for this material to shatter, noted 

by the knapper, this result is expected. Platform shape may, therefore, be a poor 

indicator of reduction intensity for quartz and dolerite and use of specific, controlled 

knapping techniques, such as blade production, difficult. The proportion of focalised/ 

collapsed to wide area platforms remained little changed for chalcedony complete 

flakes produced during the knapping experiment. Knapping of this cobble proceeded 

along two alternating platforms and produced wide area platforms or, when the 

hammerstone strike occurred too close to the platform edge, focalised/ collapsed 

platforms.  

Gull wing platforms, while rare, were produced in small numbers in two of the BIF, one 

of the silcrete knapped assemblages and in the mudstone, siliceous sediment and 

chert knapped assemblages towards the end of core reduction. For these raw 

materials, gull wing platforms may describe increased reduction. Some care should be 

taken when using this interpretation for the silcrete, mudstone and siliceous sediment 

assemblages as gull wing platforms emerged by the midpoint of reduction rather than 

only at the end.  

For complete flakes of most raw material types, unmodified platforms became less 

common and were replaced by flat platforms as reduction continued (Figure 6.19, 

Table 6.8). Unmodified platforms increased slightly in the dolerite, jasperlite and quartz 

assemblages with continued flake production. This may describe rotation of the core 

and use of cortical platforms elsewhere on the core. Mudstone complete flakes 

exhibited very low frequencies of unmodified platforms throughout with a slight 
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increase late in the reduction sequence. This may similarly reflect core rotation. Chert, 

mudstone, silcrete and siliceous sediment assemblages produced flaked platforms as 

reduction continued (although chert and silcrete only in later stages of reduction). 

Flaked platforms for these materials, when recorded in the archaeological assemblage, 

most likely describe increased reduction intensity.  While flaked platforms were 

produced during knapping of the chalcedony cobble, this only occurred early and late in 

reduction making it a poor indicator of reduction intensity.  

Table 6.7. Experimental assemblages: Complete flake platform shapes at different intervals during core 
reduction. 

Raw material 
type Platform shape Knapped 

Cobble Early Middle Late Total 

BIF 
Other S16 1 9 8 18 
Wide area S16 6 13 10 29 
Gull wing S16 0 1 1 2 

BIF 
Other S27 2 2 0 4 
Wide area S27 3 10 3 16 
Gull wing S27 0 0 0 0 

BIF 
Other S40 1 10 5 16 
Wide area S40 4 23 39 66 
Gull wing S40 0 0 2 2 

Chalcedony 
Other S30 4 6 3 13 
Wide area S30 8 11 10 29 
Gull wing S30 0 0 0 0 

Chert 
Other S33 5 5 3 13 
Wide area S33 2 9 18 29 
Gull wing S33 0 0 1 1 

Dolerite 
Other S34 0 0 2 2 
Wide area S34 3 7 3 13 
Gull wing S34 0 0 0 0 

Jasperlite 
Other S18 3 3 1 7 
Wide area S18 8 9 13 30 
Gull wing S18 0 0 0 0 

Mudstone 
Other S23 2 9 4 15 
Wide area S23 4 16 19 39 
Gull wing S23 0 1 1 2 

Quartz 
Other S31 3 5 5 13 
Wide area S31 0 5 7 12 
Gull wing S31 0 0 0 0 

Silcrete 
Other S13 1 3 7 11 
Wide area S13 4 26 8 38 
Gull wing S13 0 1 0 1 

Silcrete 
Other S48 2 2 5 9 
Wide area S48 2 14 21 37 
Gull wing S48 0 0 0 0 

Siliceous 
sediment 

Other S29 1 2 0 3 
Wide area S29 4 12 13 29 
Gull wing S29 0 1 0 1 
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Figure 6.18. Experimental assemblages: Complete flake platform shapes at different intervals during core reduction. 

 
Figure 6.19. Experimental assemblages: Complete flake platform surfaces at different intervals during core reduction. 
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Table 6.8. Experimental assemblages: Complete flake platform surfaces at different intervals during core 
reduction. 

Raw material 
type Platform surface Knapped 

Cobble Early Middle Late Total 

BIF 

Other S16 1 9 8 18 
Cortical S16 6 8 1 15 
Flat S16 0 6 10 16 
Flaked S16 0 0 0 0 

BIF 

Other S27 2 2 0 4 
Cortical S27 2 9 0 11 
Flat S27 1 1 3 5 
Flaked S27 0 0 0 0 

BIF 

Other S40 1 10 5 16 
Cortical S40 3 5 4 12 
Flat S40 1 16 31 48 
Flaked S40 0 2 6 8 

Chalcedony 

Other S30 4 6 3 13 
Cortical S30 2 6 2 10 
Flat S30 4 5 6 15 
Flaked S30 2 0 2 4 

Chert 

Other S33 5 5 3 13 
Cortical S33 2 1 4 7 
Flat S33 0 8 10 18 
Flaked S33 0 0 5 5 

Dolerite 

Other S34 0 0 2 2 
Cortical S34 3 1 3 7 
Flat S34 0 6 0 6 
Flaked S34 0 0 0 0 

Jasperlite 

Other S18 3 3 1 7 
Cortical S18 4 0 5 9 
Flat S18 4 9 8 21 
Flaked S18 0 0 0 0 

Mudstone 

Other S23 2 9 4 15 
Cortical S23 2 3 2 7 
Flat S23 2 13 13 28 
Flaked S23 0 1 5 6 

Quartz 

Other S31 3 4 0 7 
Cortical S31 0 5 0 5 
Flat S31 0 0 7 7 
Flaked S23 0 1 5 6 

Silcrete 

Other S13 1 3 7 11 
Cortical S13 4 16 5 25 
Flat S13 0 11 3 14 
Flaked S13 0 0 0 0 

Silcrete 

Other S48 2 2 5 9 
Cortical S48 2 13 3 18 
Flat S48 0 1 17 18 
Flaked S48 0 0 1 1 

Siliceous 
sediment 

Other S29 1 2 0 3 
Cortical S29 4 1 1 6 
Flat S29 0 11 8 19 
Flaked S29 0 1 4 5 
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Complete flake dorsal attributes 
As expected, the proportion of complete flakes with no dorsal cortex rose as reduction 

continued for most materials used in this experimental knapping program (Figure 6.20, 

Table 6.9). Assemblages produced by two of the BIF cobbles, one of the silcrete 

cobbles and the chalcedony, chert, jasperlite, mudstone and siliceous sediment 

cobbles illustrate this well. While dolerite complete flakes exhibited a similar trend of 

declining proportions of dorsal cortex as core reduction proceeded, complete flakes 

with no cortex were only produced towards the end of flake production. It should be 

noted that complete flakes with 100% cortex were only produced in the middle of 

reduction of the siliceous sediment cobble (flakes with 100% cortex in the early stages 

fragmented). One of the BIF cobbles and a silcrete cobble produced a small number of 

complete flakes with 100% dorsal cortex late in reduction, probably as a result of core 

rotation. 

While dorsal cortex well described reduction intensity for most Weld Range materials, 

this was not the case for assemblages produced from the quartz cobble and one of the 

silcrete cobbles. Quartz complete flakes with no cortex were quite common early in 

flake manufacture, as are flakes with 100% dorsal cortex. As reduction proceeded 

flakes with less than 50% dorsal cortex increased but tended to retain some cortex. 

This may reflect core rotation or the tendency of this materiel to fragment into large 

pieces, each retaining cortex. The assemblage produced by one of the silcrete cobbles 

follows a similar pattern. Like the quartz assemblage, silcrete complete flakes produced 

from this cobble in the later stages of reduction tended to have a small proportion of 

dorsal cortex but typically less than 50%. Most silcrete complete flakes produced early 

in core reduction retained no cortex, with flake fragments recording most of the cortex 

removed during this stage in flake production. 

Complete flakes with more than two dorsal scars increased in frequency as reduction 

continued for assemblages produced by the BIF, chert, chalcedony, jasperlite and 

siliceous sediment cobbles (Figure 6.21, Table 6.10). While mudstone complete flakes 

with one-two dorsal scars became more common towards the end of flake production, 

the number of flakes with five or more dorsal scars also increased. For these materials, 

the proportion of complete flakes with more than two dorsal scars well described 

reduction intensity and more than five dorsal flake scars indicated later stages in flake 

production.  Dolerite and quartz typically had fewer dorsal flake scars throughout 

reduction, with flakes with more than three dorsal scars reflecting greater reduction 

intensity. However, some care should be taken with using this attribute for quartz, as 

flakes with more than three flake scars formed the same proportion of the assemblage 

from the mid-point in reduction. The number of dorsal scars recorded for complete 
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flakes in the silcrete experimental assemblage is variable. Silcrete flakes exhibiting 

more than five dorsal scars were more common early in reduction for one cobble and 

complete flakes with two or less dorsal flakes scars became more common in both 

assemblages. 

Table 6.9. Experimental assemblages: Complete flake dorsal cortex at different intervals during core reduction. 
Raw material 
type 

Dorsal 
cortex 

Knapped 
Cobble Early Middle Late Total 

BIF 

100% S16 1 1 2 4 
50-99% S16 2 6 4 12 
1-49% S16 2 8 3 13 
Absent S16 2 8 10 20 

BIF 

100% S27 0 0 0 0 
50-99% S27 1 2 0 3 
1-49% S27 3 4 1 8 
Absent S27 1 6 2 9 

BIF 

100% S40 2 0 1 3 
50-99% S40 2 2 4 8 
1-49% S40 1 11 12 24 
Absent S40 0 20 29 49 

Chalcedony 

100% S30 1 0 0 1 
50-99% S30 5 4 0 9 
1-49% S30 3 6 3 12 
Absent S30 3 7 10 20 

Chert 

100% S33 2 1 0 3 
50-99% S33 4 4 3 11 
1-49% S33 0 4 4 8 
Absent S33 1 5 15 21 

Dolerite 

100% S34 2 0 0 2 
50-99% S34 1 6 2 9 
1-49% S34 0 1 0 1 
Absent S34 0 0 3 3 

Jasperlite 

100% S18 2 0 0 2 
50-99% S18 3 6 3 12 
1-49% S18 2 1 3 6 
Absent S18 4 5 8 17 

Mudstone 

100% S23 1 0 0 1 
50-99% S23 0 6 3 9 
1-49% S23 4 7 7 18 
Absent S23 1 13 14 28 

Quartz 

100% S31 1 1 0 2 
50-99% S31 1 5 2 8 
1-49% S31 0 2 4 6 
Absent S31 1 2 6 9 

Silcrete 

100% S13 0 5 1 6 
50-99% S13 0 7 1 8 
1-49% S13 1 9 6 16 
Absent S13 4 9 7 20 

Silcrete 

100% S48 0 1 3 4 
50-99% S48 1 2 4 7 
1-49% S48 2 7 6 15 
Absent S48 1 6 13 20 

Siliceous 
sediment 

100% S29 0 1 0 1 
50-99% S29 1 4 3 8 
1-49% S29 3 5 1 9 
Absent S29 1 5 9 15 
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Figure 6.20. Experimental assemblages: Complete flake dorsal cortex at different intervals during core reduction. 

 
Figure 6.21. Experimental assemblages: Complete flake dorsal scars at different intervals during core reduction. 
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Table 6.10. Experimental assemblages: Complete flake dorsal scars at different intervals during core reduction. 
Raw material 
type Dorsal scars Knapped 

Cobble Early Middle Late Total 

BIF 

Absent S16 1 1 2 4 
1-2 S16 5 14 9 28 
3-4 S16 1 7 6 14 
5+ S16 0 1 2 3 

BIF 

Absent S27 0 0 0 0 
1-2 S27 4 5 1 10 
3-4 S27 1 7 0 8 
5+ S27 0 0 2 2 

BIF 

Absent S40 2 0 1 3 
1-2 S40 2 16 17 35 
3-4 S40 1 13 20 34 
5+ S40 0 4 8 12 

Chalcedony 

Absent S30 1 0 0 1 
1-2 S30 8 13 7 28 
3-4 S30 3 3 2 8 
5+ S30 0 1 4 5 

Chert 

Absent S33 2 1 0 3 
1-2 S33 5 8 8 21 
3-4 S33 0 4 10 14 
5+ S33 0 1 4 5 

Dolerite 

Absent S34 2 0 0 2 
1-2 S34 1 7 4 12 
3-4 S34 0 0 1 1 
5+ S34 0 0 0 0 

Jasperlite 

Absent S18 2 0 0 2 
1-2 S18 6 8 7 21 
3-4 S18 3 4 4 11 
5+ S18 0 0 3 3 

Mudstone 

Absent S23 1 0 0 1 
1-2 S23 1 13 11 25 
3-4 S23 3 6 6 15 
5+ S23 1 7 7 15 

Quartz 

Absent S31 1 1 0 2 
1-2 S31 2 8 11 21 
3-4 S31 0 1 1 2 
5+ S31 0 0 0 0 

Silcrete 

Absent S13 0 5 1 6 
1-2 S13 2 19 8 29 
3-4 S13 2 6 5 13 
5+ S13 1 0 1 2 

Silcrete 

Absent S48 0 1 3 4 
1-2 S48 2 9 12 23 
3-4 S48 2 5 8 15 
5+ S48 0 1 3 4 

Siliceous 
sediment 

Absent S29 0 1 0 1 
1-2 S29 5 7 3 15 
3-4 S29 0 5 8 13 
5+ S29 0 2 2 4 
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Other complete flake attributes 
Overhang removal was rarely produced in the experimental knapping program, 

occurring by the mid-point of reduction in the silcrete, BIF, mudstone, siliceous 

sediment and chert assemblages (Figure 6.22, Table 6.11). Additional instances were 

only produced in one BIF assemblage, one silcrete assemblage and the jasperlite 

assemblage in the final stages of reduction. These results conform to expectations, and 

high proportions of overhang in archaeological assemblages of these materials in the 

Weld Range might reasonably be interpreted as evidence for specific production 

techniques. The exception to this is mudstone. Overhang removal occurred throughout 

reduction of the mudstone cobble.  

Feather terminations comprise 50% or less of the assemblages produced by one of the 

BIF cobbles and the chalcedony and jasperlite cobbles (Figure 6.22, Table 6.11). They 

were also uncommon during reduction of the chert, quartz, silcrete and siliceous 

sediment cobbles. High proportions of feather terminations in archaeological 

assemblages may indicate use of specific techniques aimed at producing this 

termination type. Caution must be used when considering archaeological assemblages 

produced by BIF, mudstone and dolerite. Complete flakes produced from these 

materials frequently had feather terminations. In the case of the BIF and mudstone 

cobbles this may relate to the ease of flake propagation through these materials. This 

is unlikely for the dolerite, which was extremely hard. Instead, the force required to 

produce a dolerite flake seems to have produced a small number of complete flakes 

with feather terminations when successful but more often resulted in small fragments 

and shatter being removed.  

It is acknowledged that cobble size and shape can affect reduction potential (e.g. 

Dibble et al. 1995; Inizan et al. 1992; Whittaker 1994). Certainly, the semi-rounded 

dolerite cobble, S34, proved challenging to the knapper. Its large size as well as the 

great force required to successfully remove flakes ensured that the few platform 

options on this rounded cobble were soon exhausted. Only 25 flaked pieces were 

removed from this cobble. However, this belies the variability exhibited between 

cobbles. Small, angular siliceous sediment cobble S26 produced 156 flaked pieces, the 

large, angular BIF cobble S20 produced 245 flaked pieces and the large, semi-rounded 

chert cobble S33 produced 194 flaked pieces. Based on these results it seems unlikely 

that the size or shape of the Weld Range tool-stone cobbles used in this study affected 

reduction potential. 
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Table 6.11. Experimental assemblages: Complete flakes with overhang removal at different intervals during 
core reduction. 

Raw material 
type Other attributes Knapped 

Cobble Early Middle Late Total 

BIF Overhang removal S16 0 1 0 1 
Feather termination S16 6 8 11 25 

BIF Overhang removal S27 0 1 0 1 
Feather termination S27 4 6 2 12 

BIF Overhang removal S40 0 2 5 7 
Feather termination S40 2 13 23 38 

Chalcedony Overhang removal S30 1 0 0 1 
Feather termination S30 6 8 6 20 

Chert Overhang removal S33 0 0 1 1 
Feather termination S33 1 6 13 20 

Dolerite Overhang removal S34 0 0 0 0 
Feather termination S34 2 4 4 10 

Jasperlite Overhang removal S18 0 1 1 2 
Feather termination S18 3 5 3 11 

Mudstone Overhang removal S23 1 2 2 5 
Feather termination S23 3 18 14 35 

Quartz Overhang removal S31 0 0 0 0 
Feather termination S31 2 2 5 9 

Silcrete Overhang removal S13 0 2 1 3 
Feather termination S13 2 9 9 20 

Silcrete Overhang removal S48 0 0 0 0 
Feather termination S48 2 10 13 25 

Siliceous 
sediment 

Overhang removal S29 0 3 0 3 
Feather termination S29 2 9 3 14 
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Figure 6.22. Experimental assemblages: Complete flakes with overhang removal and/ or feather terminations at different intervals during core reduction. 
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ASSESSMENT OF WELD RANGE RAW MATERIAL QUALITY 
The results of the knapping experiment also provided information about the 

predictability of Weld Range tool-stone types. Synthesised here are field observations 

that describe the ease, or otherwise, with which suitable cobbles for tool manufacture 

can be sourced. Qualitative descriptions made by the knapper during the experimental 

program are then summarised to describe the control he had over production. Finally, 

the product of knapping, the assemblage, is considered to assess the effectiveness of 

each material to produce a sharp edge. Taken together, and compared against the 

control material, these data describe the relative predictability of Weld Range raw 

material types during flake manufacture.  

Field observations 
Descriptions of quarried outcrops sampled for this study illustrate variation in Weld 

Range outcrop form, from gravel flats strewn with sub-rounded cobbles (Figure 6.23) to 

protruding boulders or ridges up to one metre in height surrounded by angular and/or 

tabular cobbles and gravels (Figure 6.24, Table 6.12, see Appendix 3 for further 

description and photos). At Weld-QA-0727, as with other sampled quarries, the whole 

range of outcrop types are found in a small area. A series of low BIF ridges up to 1.5 m 

high, some containing bands of BIF and chalcedonic material, have been quarried 

along with outcropping cobbles of quartz (including 0727.A.S31). Different raw material 

types are found outcropping in close proximity at these quarries. For example, 

Outcrops D and F at Weld-WA-0833 are separated by less than 20 m (Figure 6.25).  

 
Figure 6.23. Weld-Ariella's Quarry-10270, Outcrop A. 
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Figure 6.24. Weld-QA-0833, Outcrop J: View southwest (pink pin flags mark the location of collected artefacts, 

these were removed from the site following the return of collected artefacts in May 2014. 
 

 
Figure 6.25. Weld-QA-0833: View south from Outcrop D towards Outcrop F. 

 

Outcrop F 

Outcrop D 
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Table 6.12. Field observations: Sampled outcrop attributes. 

Site Name Outcrop ID Raw Material Type 
Outcrop 

Surrounding cobbles 
Type Description Max. 

height (m) 
Weld-QA-0725 Outcrop A BIF Exposed outcrop/ boulders Sub-rounded 0.3 Tabular/ sub-rounded 

 Outcrop B BIF Exposed outcrop Tabular 0.7 Tabular/ angular 

 Outcrop C Jasperlite Exposed outcrop/ boulders Tabular 0.7 Tabular/ sub-rounded 

Weld-QA-0727 Outcrop A Quartz Boulder Sub-angular 0.5 Sub-rounded 

Weld-QA-0833 Outcrop J BIF Cobbles Tabular 0.5 Tabular 

 Outcrop H BIF Exposed outcrop Tabular/ angular 1 Tabular 

 Outcrop G BIF Boulders Angular 0.3 Tabular 

 Outcrop F Mudstone Boulders Sub-angular 0.3 Sub-angular 

 Outcrop D Chert Boulders Sub-angular 0.3 Sub-angular 

Weld-Q-0987 Outcrop A Dolerite Exposed outcrop/ boulders Sub-angular 2 Sub-rounded/ sub-angular 

Weld-QA-09109 Outcrop A BIF Exposed outcrop Sub-rounded/ 
tabular 

0.4 Sub-angular/ sub-rounded 

Weld-QA-09112 Outcrop A Siliceous sediment Exposed outcrop/ boulders Tabular 0.5 Angular/ tabular 

Weld-QA-09113 Outcrop A Chalcedony Exposed outcrop Angular 0.4 Angular/ tabular 

Weld-QA-09136 Outcrop A Siliceous sediment/ Chalcedony Boulders Sub-angular 0.3 Sub-angular 

Weld-Q-10215 Outcrop A Jaspilite/ mudstone Boulders Sub-angular 0.5 Sub-angular 

Weld-RSQA-10218 Outcrop A Silcrete Exposed outcrop/ boulders Sub-angular 1 Sub-angular 

Weld-QARS-10245 Outcrop A BIF Exposed outcrop/ boulders Angular/ tabular 1 Angular/ tabular 

Weld-Ariella's Quarry-10270 Outcrop A Chert Cobbles Sub-rounded 0.5 Sub-rounded 

Weld-QA-11370 Outcrop A Chert Exposed outcrop Tabular 0.2 Sub-angular 

Breakaway Caves Outcrop A Silcrete Cobbles Sub-rounded 0.3 Sub-angular 
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While variation within quarry sites presented a range of tool-stone types for Wajarri 

knappers, cobbles tested for suitability during fieldwork for this study suggest that these 

were unpredictable sources. Many varied, with areas of homogenous fine-grained 

material adjacent to banded, fractured and weathered material. On only three 

occasions, the first cobble tested was assessed as having the potential to produce 

further flakes, while two to three cobbles were typically tested (Table 6.13).  At Weld-

QA-0833, Outcrop J, for example, two cobbles were selected for testing based on their 

bright sound when hit, suggesting an absence of internal flaws, and the presence of 

natural platforms suitable for flake manufacture. When struck, both broke along internal 

bedding planes rather than producing a conchoidal fracture. Despite the evident 

internal variation of material at this outcrop the dense stone artefact scatter 

surrounding it attested to the potential for suitable cobbles. A third cobble was 

subsequently identified and produced flakes with a conchoidal fracture pattern.  

Table 6.13. Field observations: Number of cobbles tested at each sampled outcrops and the number of test 
strikes made per cobble. 

Site Name Outcrop ID Raw Material Type # of cobbles 
tested Sample # 

# of test 
strikes per 

cobble 

Weld-QA-0725 Outcrop A BIF 2 S16 3 

 Outcrop B BIF 2 S17 2 

 Outcrop C Jasperlite 1 S18 1 

Weld-QA-0727 Outcrop A Quartz 2 S31 2 

Weld-QA-0833 Outcrop J BIF 2 S20 1 

 Outcrop H BIF 3 S21 2 

 Outcrop G BIF 2 S22 1 

 Outcrop F Mudstone 1 S23 1 

 Outcrop D Chert 3 S24 2 

  Chert  S25 3 

Weld-Q-0987 Outcrop A Dolerite 3 S34 1 

 
 Dolerite  S35 2 

Weld-QA-09109 Outcrop A BIF 1 S27 1 

Weld-QA-09112 Outcrop A Siliceous sediment 3 S26 1 

Weld-QA-09113 Outcrop A Chalcedony 1 S30 1 

Weld-QA-09136 Outcrop A Siliceous Sediment 3 S29 1 

Weld-RSQA-10218 Outcrop A Silcrete 2 S13 0 

 
 Silcrete  S37 1 

Weld-QARS-10245 Outcrop A BIF 3 S39 1 

 
 BIF  S40 2 

Weld-Ariella's Quarry-10270 Outcrop A Chert 4 S32 1 

 
 Chert  S33 2 

Weld-QA-11370 Outcrop A Chert 2 S36 1 

Breakaway Caves Outcrop A Silcrete 0 S48 0 

 
 Silcrete  S50 0 
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The quarries selected for sampling had among the highest recorded stone artefact 

densities in the Weld Range data set. While it is possible that the stone artefact 

assemblages at these sites represent just one or two intensive knapping episodes, it is 

more likely that these localities represent the tool-stone resources favoured by Wajarri 

people than do the low density quarries. It should also be noted that selection for this 

research was confined to unworked cobbles, eliminating use of cores that appeared to 

have further knapping potential. Exposed outcrops were not sampled and there is a 

chance that the high artefact density at these quarries may reflect exhaustion of the 

tool-stone source. Yet, at seven of the nineteen outcrops sampled two or more cobbles 

were tested before a cobble was found that could produce further flakes (Table 6.13). 

This highlights the unpredictability of Weld Range tool-stone sources. Even at quarries 

that have evidence of successful resource acquisition on previous occasions, finding a 

suitable cobble can be challenging.  

While cobble shape can influence flake production (e.g. Dibble et al. 1995; Inizan et al. 

1992; Whittaker 1994), this attribute does not appear to have affected flake 

manufacture predictability among the Weld Range tool-stone cobbles assessed here. 

Descriptions of cobble shape presented in Table 6.12 were compared to the qualitative 

and quantitative results below but not correlation was found. For example, of the eight 

cobbles that were rated “very highly” or “highly” predictable by the knapper four were 

angular, two semi-angular, one semi-rounded and one rounded. Similarly, at the other 

end of the predictability scale the seven lowest ranking cobbles were described as 

angular (n=2), semi-angular (n=4) and semi-rounded (n=1). It may be that the 

generalised categories for describing cobble shape failed to describe variation relating 

to flake manufacture predictability for Weld Range raw materials. Also, while cobble 

shape is very relevant when trying to produce a specific item such as a blade or a bi-

face (Whittaker 1994), that was not the aim of this experiment. Instead, this 

experiment, sought to produce flakes large than 2 cm and with sharp edges. The size 

and shape of the core was, therefore, less important than the knappers ability to create 

new platforms. Where force propagates easily and predictability through the material, 

like in the case of the flint cobble S15 and the chert cobble S33 new platforms can be 

created with ease despite the rounded shape of these pieces. While not possible in the 

scope of this project, future studies should use more refined definitions of cobble shape 

and fracture mechanics to consider how size, shape and force propagation effect 

predictability. 
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Qualitative measures of flake manufacture predictability 
Qualitative statements made by the knapper indicate that cobble quality was highly 

variable. Predictability of raw material fracture stated by the knapper, Dr Nick Taylor, 

following core exhaustion was expressed as ‘low’ or ‘very low’ for eleven (43%) cobbles 

(Table 6.14). Variation in predictability within a raw material category is also evident. 

Descriptions of predictability for the eight BIF cobbles knapped ranged from “high” to 

“very low”. These results most likely relate to weathering, which is discussed further 

below. 

Despite the variation and poor predictability, two Weld Range raw materials (mudstone 

and chalcedony) were described as having “very high” predictability. These materials 

outranked the flint cobble for which the knapper found that fractures tended to 

propagate further than expected. While these results may be influenced by the 

unfamiliarity of the knapper with Weld Range materials, he is experienced with a range 

of materials noting, for example, that the dolerite behaved in a similar manner to 

coarse-grained quartzite he had knapped on previous occasions. 

Knapper assessment of quality prior to knapping highlights another feature of Weld 

Range tool-stone: the difficulty of assessing cobble potential. As Table 6.14 shows, the 

knapper’s perception of potential versus the actual flaking predictability assessed after 

knapping differed by more than one interval on nine occasions (35%). Furthermore, in 

one instance a BIF cobble (S16) was perceived as having a “very high” potential but its 

flake manufacture predictability was described as “very low” following core exhaustion. 

These differences occurred regardless of raw material type and illustrate that the 

difficulty of assessing flake manufacture potential, noted during field testing, continued 

throughout the knapping process. 
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Table 6.14. Qualitative assessments of Weld Range raw material predictability and potential (as rated after field 
testing but prior to knapping) for sampled cobbles. 

Raw Material Type Site Name Sample # 
Could you produce 

a formal tool?  
(1=Not at all, 

5=Very much) 

Potential (1= Very 
low, 5= Very high) 

BIF 

Weld-QA-0725 S16 1 5 
Weld-QA-0725 S17 1 4 
Weld-QA-0833 S20 4 2 
Weld-QA-0833 S21 3 3 
Weld-QA-0833 S22 2 3 
Weld-QA-09109 S27 4 5 
Weld-QARS-10245 S39 3 4 
Weld-QARS-10245 S40 3 3 

Chalcedony Weld-QA-09113 S30 5 4 

Chert 

Weld-QA-0833 S24 4 2 
Weld-QA-0833 S25 1 1 
Weld-Ariella's Quarry-10270 S32 3 2 
Weld-Ariella's Quarry-10270 S33 3 3 
Weld-QA-11370 S36 4 1 

Dolerite 
Weld-Q-0987 S34 2 1 
Weld-Q-0987 S35 1 1 

Jasperlite Weld-QA-0725 S18 1 3 
Mudstone Weld-QA-0833 S23 5 4 
Quartz Weld-QA-0727 S31 3 1 

Silcrete 

Weld-RSQA-10218 S13 1 2 
Weld-RSQA-10218 S37 1 1 
Breakaway Caves S48 3 5 
Breakaway Caves S50 2 2 

Siliceous sediment 
Weld-QA-09112 S26 2 4 
Weld-QA-09136 S29 4 4 

Flint Control S15 4 5 

 

The knapper’s assessment of the impact of internal flaws and banding suggests these 

features may account for inconsistencies between assessments of predictability before 

and after knapping for Weld Range raw materials (Table 6.15). Internal flaws were 

described as inhibiting flake manufacture (ranking of 5) in six cobbles (23.08%). In 

these instances, internal weathered surfaces, thick, pitted cortex, existing fracture 

planes and/ or unconsolidated sedimentary material inhibited flake propagation 

resulting in hinge and step terminations. Ultimately, these processes quickly exhausted 

flakable striking platforms with sub-90° angles. The knapper did note that four of these 

problematic cobbles (silcrete S13, BIF S16, BIF S17 and chert S25) contained small 

pockets of high quality, isotropic material. This highlights the potential of the source 

outcrops to provide more suitable cobbles as well as the intra-quarry variability of tool-

stone quality.  
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Table 6.15. Qualitative assessments of Weld Range raw material internal flaws and banding for sampled 
cobbles. 

Raw Material 
Type Site Name Sample # 

Did internal 
fractures impact on 
flake manufacture? 
(1=Not at all, 5=Very 
much) 

Did banding impact 
negatively on flake 
manufacture?  
(1=Not at all, 5=Very 
much) 

BIF 

Weld-QA-0725 S16 4 na 
Weld-QA-0725 S17 4 4 
Weld-QA-0833 S20 2 2 
Weld-QA-0833 S21 3 4 
Weld-QA-0833 S22 1 3 
Weld-QA-09109 S27 5 na 
Weld-QARS-10245 S39 4 4 
Weld-QARS-10245 S40 3 2 

Chalcedony Weld-QA-09113 S30 2 1 

Chert 

Weld-QA-0833 S24 2 na 
Weld-QA-0833 S25 5 na 
Weld-Ariella's Quarry-10270 S32 2 na 
Weld-Ariella's Quarry-10270 S33 1 na 
Weld-QA-11370 S36 2 1 

Dolerite 
Weld-Q-0987 S34 na na 
Weld-Q-0987 S35 5 na 

Jasperlite Weld-QA-0725 S18 5 5 
Mudstone Weld-QA-0833 S23 1 na 
Quartz Weld-QA-0727 S31 3 na 

Silcrete 

Weld-RSQA-10218 S13 5 na 
Weld-RSQA-10218 S37 1 na 
Breakaway Caves SVB48 2 na 
Breakaway Caves SVB50 5 na 

Siliceous 
Sediment 

Weld-QA-09112 S26 1 na 
Weld-QA-09136 S29 2 na 

Flint Control S15 1 na 

 

In contrast to the effects on internal flaws, banding presented a different challenge 

(Table 6.15). Banding was present in nine cobbles (35%) but was only problematic in 

four instances. This occurred where the juncture between silica versus iron-rich bands 

in the BIF inhibited force propagation probably as a result of weathering at the juncture 

or when the difference in force required to remove a flake differed significantly between 

the silica and iron-rich bands. That said, in all banded materials the knapper noted the 

effect of band orientation (Figure 6.26). The best outcome was typically achieved by 

orientating the percussion axis parallel to the bands (X orientation) although changes/ 

warping in band direction affected flake propagation. Striking perpendicular to the 

bands (Y orientation) also proved successful in many instances but was susceptible to 

abrupt terminations when an iron-rich band or weathered surface was met. The least 

effective method of flake removal was orientating percussion along the bands (Z 

orientation) because, as the knapper highlighted, the force of percussion tended to split 

the material at the juncture between bands. When this occurred, flake edges tended to 

form obtuse edge angles. The knapper noted that these planes of orientation presented 
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a challenge. For each cobble of banded material the effectiveness of each orientation 

had to be tested so that the best axis could be selected for knapping the cobble. 

 

Figure 6.26. Diagram and examples of banding orientations. 

 

Qualitative assessment as part of the knapping experiments illustrates the prevalence 

of negative physical properties in Weld Range raw materials such as banding, flaws, 

inclusions and thick, pitted cortex. As a result, tool-stone manufacture predictability 

varies from quarry to quarry of the same material and even within the same outcrop. 

That said, two Weld Range raw materials scored higher than the flint control specimen 

and five (19.23%) ranked as highly predictable. High quality material is clearly available 

in the Weld Range but can be difficult to identify prior to knapping. A cautionary note 

must also be made at this point. These results are based on a small sample size and 

the possibility that aberrant cobbles were selected at some quarries and representative 

cobbles at others will require further study to assess. Also, although the knapper was 

experienced, other knappers and further experimentation may produce slightly, but not 

substantially, different results. That said, tool-stone types exhibiting relatively high 

predictability tend to be materials from the silica-rich end of the BIF spectrum including 

chalcedony, chert, siliceous sediment and BIF. It is possible that these silica-rich raw 

materials are more likely to behave predictably, a desirable quality in flake 

manufacture.   

Metric and technological measures of predictability 
Comparison of metric and technological attributes recorded for 13 assemblages 

produced during experimental knapping and synthesised using a cluster analysis 

supports the substantial differences in predictability noted in the qualitative data (Figure 

6.27, Table 6.16).  
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Table 6.16. Average metric and technological attributes for complete flakes from experimentally knapped 
assemblages of Weld Range raw materials. 
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BIF 
S16 32.89 34% 32% 83.43 1.20 5.29 51% 
S27 25.48 22% 8% 124.65 1.22 8.50 60% 
S40 28.24 44% 15% 110.64 1.16 7.38 45% 

Chalcedony S30 34.29 28% 14% 107.29 1.26 5.81 48% 
Chert S33 14.01 22% 24% 94.61 1.26 9.58 47% 
Dolerite S34 3.55 60% 36% 80.05 1.13 13.00 67% 
Jasperlite S18 15.04 33% 41% 146.21 1.22 9.30 30% 
Mudstone S23 37.33 34% 6% 121.43 1.24 6.68 63% 
Quartz S31 7.58 22% 66% 66.64 1.20 8.08 36% 

Silcrete 
S13 19.61 29% 38% 125.89 1.45 8.98 40% 
S48 31.47 33% 23% 101.72 1.24 9.11 54% 

Siliceous sediment S29 18.59 21% 10% 141.64 1.16 9.09 42% 
Flint Control 37.43 40% 0% 123.94 1.14 6.84 66% 

 

 
Figure 6.27. Dendrogram displaying the results of a cluster analysis of favourable flake characteristics for Weld 

Range raw material. 

 

Assemblages produced by silcrete cobble S13 and the dolerite and quartz cobbles are 

dissimilar to all other Weld Range raw materials knapped in this study (Figure 6.27, 

light grey). While silcrete cobble S13 produced the most elongate flakes with the 

greatest available edge when compared to other materials, shatter that would be 

unrecognisable from heat fracture under field survey conditions was common. In the 

quartz and dolerite knapped assemblages complete flakes were rarely produced. The 
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quartz cobble produced a high proportion of fragments compared with complete flakes. 

While dolerite produced few flake fragments, shatter was nonetheless common. It 

seems probable that the extreme force required to detach a dolerite flake resulted 

either in a complete flake being produced or, if the force was insufficient, small pieces 

of unrecognisable shatter were removed. Dolerite flake fragments are few because, 

when flakes are produced from this hard material, they are unlikely to break. Both 

dolerite and quartz tend to produce short, thick complete flakes and average available 

edge length is low. While feather terminations are rare for quartz, dolerite complete 

flakes record the highest proportion of this termination type. Again the force required to 

produce a complete dolerite flake probably also created feather terminations. Overall, 

the experimental assemblages produced from silcrete cobble S13 and the dolerite and 

quartz cobbles reflect the qualitative statements: in addition to being unpredictable 

these materials fail to produce desirable products.  

The remaining cobbles fall into two clusters that most likely reflect silica content and 

the presence of internal flaws, thick cortex and weathering/ differential iron-silica 

content at band junctures. The first cluster describes materials with the least favourable 

flake attributes (Figure 6.27, dark grey). Jasperlite and siliceous sediment share most 

in common producing few complete flakes per kilo and relatively high proportions of 

fragments and shatter. Flakes of these materials, while having higher available edge 

lengths also tend to be short, wide and thick and are less likely than other BIF 

spectrum materials to produce feather terminations. BIF cobble S27, chert, and silcrete 

cobble S48 share similarly negative attributes. For instance, these materials produced 

relatively low numbers of complete flakes per kilo but produced higher proportions of 

shatter. While it may seem incongruous that cobbles such as BIF S27, chert, and 

siliceous sediment are grouped with the course-grained and highly banded jasperlite, 

these results demonstrate the effects on flake production of thick cortex (chert), internal 

flaws (siliceous sediment) and weathering along band junctures (BIF S27).  

In the second cluster, finer-grained BIF spectrum materials such as chalcedony and 

mudstone share similarly positive characteristics with flint (Figure 6.27, black). The 

mudstone assemblage in most categories ranks very highly or outperforms other raw 

materials, including the flint control specimen. The high number of complete flakes 

produced per kilogram and low fragmentation rate is second only to the flint and no 

shatter that would be unrecognisable from heat fracture in the field was produced. 

Complete flakes of mudstone tend to be elongate and thin with feather terminations. A 

relatively high average available edge was also recorded for mudstone complete 

flakes. Chalcedony performed well, displaying similar if slightly fewer positive attributes 

compared to the mudstone assemblage. For instance, the chalcedony cobble produced 
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34.29 complete flakes per kilogram compared with 37.33 from the mudstone cobble. 

Two BIF cobbles (S16 and S40) are also found in this cluster. BIF cobble S40 

produced relatively high proportions of complete flakes that had feather terminations 

and shatter was uncommon in the assemblage produced. BIF cobble S16 had the least 

similarity with other cobbles in this cluster, probably because of the mediocre results 

recorded for the assemblage produced from this cobble. While the proportion of 

complete flakes produced was relatively high, shatter was common and the average 

available edge length relatively low. The knapper also described this material as having 

very low predictability. However, most of the cobbles in this second cluster were 

described positively by the knapper and flaked predictably because of their 

homogenous matrices with few flaw or inclusions and, where present, poorly defined 

silica-rich and iron-rich bands. 

Summary of tool-stone quality 
The results presented above indicate that assessment of raw material predictability is 

challenging in the Weld Range. In these experiments, finding a cobble of tool-stone 

that produced flakes with desirable qualities such as long, sharp edges and one that 

might produce more usable flakes than shatter was difficult.  Even selecting materials 

from quarries for which there is evidence of previous use did not guarantee success. 

Instead, the results described above suggest that Weld Range tool-stone sources were 

unpredictable. At most outcrops sampled for this study two or three cobbles were 

tested before a cobble was found that produced conchoidal fractures and appeared to 

have potential for future flake production (e.g. a homogenous interior surface was 

exposed). This variation continued during knapping. The knapper found that cobbles 

that appeared to be of high quality proved to be problematic with internal flaws, 

weathered areas, thick cortex and banding affecting flake production. 

Despite this variation, high quality materials were identified. For instance, the mudstone 

cobble sampled from Weld-QA-0833, Outcrop F demonstrated the ease with which 

tools could be produced from this material. Furthermore, the knapper noted that prior 

knowledge of some materials would enhance flake production. In the case of some BIF 

cobbles, it seems probable that prior knowledge of which band orientation relative to 

flake initiation facilitated force propagation would have enhanced knapper control over 

the end product.  Similarly, the knapper’s experience of the chert cobbles from Weld-

Ariella’s Quarry-10270 (S32 and S33) indicated that targeted removal of the thick 

cortex that surrounded this high quality material could have mitigated its propensity to 

absorb and disperse energy, hindering flake production.  
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Tool-stone assemblages produced from other BIF continuum materials such as 

chalcedony, siliceous sediment and chert, proved more variable. Silcrete also produced 

mediocre results in the case of S48, and S13 was highly unpredictable and produced 

flakes with unfavourable characteristics. The dolerite and quartz cobbles also 

performed poorly during knapping and exhibited a high proportion of negative attributes 

such as low average available edge length. While the quartz cobble compared 

favourably with collected quartz artefacts, the dolerite cobble used experimentally 

differed from the dolerite artefacts collected at the same quarry. This suggests that a 

finer-grained dolerite might prove more predictable. In any case, these results have 

demonstrated that a range of flaking properties exist within and between Weld Range 

raw material types. Interpretations of the use of different tool-stone types in the 

archaeological record may now proceed on a more informed basis.  

It should be noted that, while these results expand knowledge of how Weld Range raw 

materials behave during tool manufacture, they do not account for their performance 

during use. A recent experimental use-wear program demonstrated that tools made 

from quartz, BIF and jasperlite collected from the Weld Range are resistant to micro-

fracturing during use (Twaddle 2012:94). Unlike the comparative flint assemblage used 

by Twaddle (2012, pp. 58-59), Weld Range materials often develop wear patterns only 

after use on hard materials such as mulga (Acacia anurea) and minritchie (Acacia 

grasbyi). However, the Weld Range materials selected for these use-wear experiments 

were collected from outside of archaeological sites (Twaddle 2012, p. 60) and might be 

unrepresentative of the quarried materials like those collected for this study. Further 

research is required to determine whether the relative predictability of Weld Range 

materials during flake manufacture also describes tool-use properties.  

CHAPTER SUMMARY 
In this chapter the characteristics of Weld Range tool-stone types have been 

described, their differences identified and the effects of those differences on 

subsequent analysis and interpretation for this project explored. The long and complex 

geological history of the Weld Range has produced a variety of tool-stone types that 

are more usefully considered as a series of continuums rather than mutually exclusive 

categories. BIF grades from jasperlite and ironstone to chert, chalcedony, quartzite, 

siliceous sediment and mudstone. Similarly, quartz grades to chalcedony and quartzite, 

which shares much in common with silcrete, while the categories of dolerite and basalt 

probably describe variation in grain size. In the context of this project these continuums 

provide a means of identifying secondary source/s for each tool-stone type. Instead of 

combining raw material types into new, more relevant categories for use in the spatial 

analysis, secondary source/s can be used as an analytical tool. For the technological 
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analysis and for assessing the motivations for tool-stone resource management, these 

continuums provide a more nuanced understanding of reduction indicators and flake 

manufacture predictability.  

The effects of reduction intensity on assemblage attributes for different Weld Range 

materials have also been explored experimentally. While materials such as mudstone 

conform to expected reduction intensity trends identified in Chapter 5, other materials 

are more varied. For instance, complete flake size measures typically decrease as 

reduction continues (e.g. Dibble, Roth & Lenior 1995: 267), but were found to increase 

in the dolerite and quartz assemblages. These differences in reduction intensity 

markers for Weld Range raw materials have important implications for assessing the 

archaeological assemblages. Using the example above, the presence of larger dolerite 

flakes at greater distances from a quarry would otherwise be considered unusual. It 

may have been interpreted as an indicator of deliberate flake or core transport away 

from quarry sites for use elsewhere in the landscape. The greater understanding of 

how Weld Range materials behave during reduction facilitates more accurate 

interpretations of the archaeological assemblage (although further experimental work is 

required to address specific trends and concerns raised by this study). 

Field collections for the experimental program, along with the qualitative results and 

recording of the assemblages produced, have also provided insight into Weld Range 

tool-stone predictability. Predictability is a favourable characteristic in tool-stone as it 

expedites tool-manufacture and increases control over the end products. However, 

many of the Weld Range experimental cobbles were found to fracture unpredictably. 

Field observations illustrate the difficulty of finding a cobble of suitable tool-stone and 

during manufacture the knapper’s predictions of tool-stone quality were often found to 

be incorrect because of flaws, faults, banding and weathering. Despite the difficulty 

involved in finding a suitable tool-stone cobble, some Weld Range materials were 

found to be highly predictable. Furthermore, prior knowledge of certain characteristics 

may have improved predictability for some materials. This analysis of Weld Range tool-

stone predictability suggests that materials at the silica-rich end of the BIF continuum 

such as mudstone, siliceous sediment, chalcedony and chert are more likely to exhibit 

favourable characteristics for tool manufacture. 

In the next chapter the results of spatial and technological analysis of the Weld Range 

data set are described and considered in light of the characterisation of Weld Range 

tool-stone types presented above.
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CHAPTER 7. ANALYSIS OF THE ARCHAEOLOGICAL 
ASSEMBLAGE 
In Chapter 2 a series of behavioural expectations for each tool-stone management 

strategy (expedient use, waste minimisation, tool conservation and trade production) 

were generated. Predicted features of archaeological assemblages produced by each 

strategy include differences in preferential selection and the reduction intensity and 

standardisation evident in stone artefact assemblages of different materials at 

increasing distance from a source (Chapter 5). Having established the parameters for 

meaningful use of raw material categories, this chapter presents a spatial and 

technological analysis of the Weld Range archaeological data set to investigate 

preferential selection, reduction intensity and standardisation. 

PREFERENTIAL SELECTION 
Preferential movement of one (or more) tool-stone type over others, in a landscape as 

rich in raw material sources as the Weld Range, very likely indicates the value of some 

materials over others. This preferential movement will be evident spatially in the 

archaeological record if one or more materials are more frequently located further from 

a source.  

Before discussing the results of the analysis of preferential movement, a summary of 

the reasons why this project assumes that post-depositional movement has had a 

negligible effect on the distribution of artefacts in the Weld Range data set is provided 

(see Chapter 4 for further details). This study already accommodates a ± 15 m GPS 

error in the locational data for stone artefacts in the data set. Only preferential 

movement greater than 30 m will be considered relevant for this study. This study also 

assumes that natural movement is unlikely to preference one material over another 

when the data used is located across 118 sq. km and in a range of environmental 

contexts. Certainly, the identification of refits in all landform units were more than 800 

artefacts are recorded, supports this assumption. Finally, previous research in a similar 

arid Australian context indicates post-depositional horizontal movement is minimal for 

flaked stone artefacts greater than 2 cm in size (e.g. Holdaway et al. 1998:8-9).    

Assessment of preferential movement 
The mean and median distance travelled by all Weld Range materials is greater than 

the distance between quarry locations (Figure 7.1, Table 7.1). A MANOVA using the 

Kruskal-Wallis test demonstrates that the median distance travelled by each Weld 

Range raw materials differs significantly (H= 408.6, p<0.001). 
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Figure 7.1. Box and whisker plot summaries of minimum distance from artefact to potential source (primary or 

secondary) for each tool-stone assemblage (maximum, minimum, median, first and third quartile). 

 

Table 7.1. Minimum number of transport events (multiple occurrences of the same material at a location, such 
as within a sample square, are considered one transport event) and median and mean distance travelled by 

Weld Range raw materials. 

Raw material type n Median Mean 

Jasperlite 139 70.44 139.07 

Chalcedony 1108 73.76 123.95 

BIF 1626 77.91 151.58 

Ironstone 247 86.51 163.18 

Chert 653 119.05 191.72 

Quartzite 236 121.19 223.51 

Dolerite 678 131.34 267.02 

Quartz 2798 145.80 282.52 

Siliceous sediment 86 159.07 248.44 

Silcrete 405 161.22 279.27 

Mudstone 221 178.38 256.65 

Minimum distance between quarries 184 31.91 70.67 
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The shortest median minimum distances from potential source quarry to recorded 

artefact location are described for the jasperlite, chalcedony, BIF and ironstone 

assemblages (Figure 7.1, Table 7.1). There is no significant difference between the 

median distance for jasperlite, BIF and ironstone artefacts. However, chalcedony 

differs significantly from the BIF and ironstone assemblages suggesting that, relative to 

other Weld Range materials, chalcedony was the least moved raw material (Table 7.2).  

Compared with jasperlite, chalcedony, BIF and ironstone, there is a significant 

difference in the median distance from a potential source recorded for artefacts 

manufactured from chert, a fine-grained BIF spectrum material. While the median 

distance travelled by quartzite artefacts is similar to chert, there is no significant 

difference between the quartzite and the ironstone assemblages. This is accounted for 

by the spread of these assemblages around the mean (Figure 7.1). While chert and 

quartzite assemblages share a similar median value, 75% of the chert assemblage is 

located more than 50.5 m from the nearest potential quarry whereas ironstone and 

quartzite have similar values (39.7 m and 39.5 m respectively). While the difference 

between distances moved is relatively small, it does explain the inconsistency in the 

statistics presented in Table 7.2 below. 

Table 7.2. Mann-Whitney pairwise post-hoc tests. Significant (p<0.05) results are highlighted in grey. 
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0.55 0.70 0.24 <0.01 0.01 <0.01 <0.01 0.01 <0.01 <0.01 

Chalcedony 0.55 
 

0.02 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

BIF 0.70 0.02 
 

0.21 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

Ironstone 0.24 0.01 0.21 
 

0.02 0.10 <0.01 <0.01 0.05 <0.01 <0.01 

Chert <0.01 <0.01 <0.01 0.02 
 

0.97 <0.01 <0.01 0.33 <0.01 <0.01 

Quartzite 0.01 <0.01 <0.01 0.10 0.97 
 

0.06 0.01 0.46 0.01 <0.01 

Dolerite <0.01 <0.01 <0.01 <0.01 <0.01 0.06 
 

0.32 0.64 0.24 0.01 

Quartz <0.01 <0.01 <0.01 <0.01 <0.01 0.01 0.32 
 

0.40 0.51 0.03 

Siliceous sediment 0.01 <0.01 <0.01 0.05 0.33 0.46 0.64 0.40 
 

0.24 0.07 

Silcrete <0.01 <0.01 <0.01 <0.01 <0.01 0.01 0.24 0.51 0.24 
 

0.24 

Mudstone <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.01 0.03 0.07 0.24 
 

 

A more gradual increase in median distance from a potential source is evident for the 

remaining materials. Quartz and dolerite are moved further than chert and quartzite but 

less than siliceous sediment. Mudstone, a fine-grained BIF spectrum material, as well 

as the silcrete assemblage record the highest median distances from a possible 

source.  
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Availability of tool-stone may be affecting these results. The potential for cobbles in 

creek beds and/ or gravel patches to act as tool-stone sources remains difficult to 

assess. It is conceivable that the greater movement of quartz and dolerite may reflect 

use of these sources. Certainly, the potential use of these gravels as a tool-stone 

source is suggested by Eureka (2011a: 310) in a survey area to the north of the Weld 

Range. Quartz was noted as common among the gravels and comprises, on average, 

49.3% of site assemblages recorded in this area (Eureka 2011a:310, 312). Use of 

gravel patches however, fails to account for all of the patterning seen in the analysis of 

the Weld Range data set described here. For instance, dolerite flakes are recorded on 

the sandy flats to the north of the Weld Range, an area devoid of outcropping dolerite 

but with rare gravel patches comprising clasts of quartz and pisolite.  

Gravel patches may also explain the unusual pattern noted for chalcedony. While 

experimental knapping data suggest that this is a predictable raw material type, the 

spatial analysis indicates that it is among the least moved materials (median = 73.76 

m; mean = 123.95 m). Field observations during recording at two sites containing 

16.5% (n=601) and 12.0% (n=437) of all chalcedony artefacts hypothesised that the 

chalcedony cobbles noted among the gravel across the site may have been used as a 

source (Eureka 2011c:145). This may have decreased the mean distance recorded for 

this material.   

While creek beds and gravel patches require further investigation, materials such as 

chert, mudstone, siliceous sediment and silcrete are rarely described in their 

composition. Movement of these materials (for example, the median distance of 

mudstone artefacts is 2.5 times further than jasperlite artefacts) most likely reflects 

preferential selection. It should also be noted that in an area abundant in tool-stone 

outcrops, where larger and more versatile cobbles might be sourced, it is gravel 

patches and creek beds that may have been a relatively minor source of tool-stone. 

The results of the spatial analysis demonstrate that some Weld Range tool-stone types 

were preferentially moved further than others. The minimum distance from a potential 

source quarry recorded for assemblages of mudstone, siliceous sediment, quartzite 

and chert, as well as silcrete is greater than coarse-grained BIF spectrum materials, 

chalcedony and, in some instances, dolerite and quartz. As expected in an 

environment as rich in toolstone as the Weld Range, distance moved vary only in the 

tens of meters. However, the differences in movement between raw material 

continuums are greater than the 30 m GPS error margin for this study as well as the 

minimum distance between quarries (31.91 m). For example, the median distance 

travelled by ironstone artefacts and chert artefacts, the next furthest moved material, is 

32.54 m. Silcrete artefacts are found 8.46 m further from the nearest source when 
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compared chalcedony artefacts. While the distances are not great, in an environment 

of lithic raw material abundance, the effort expended in moving some tool-stone types 

further than others suggests preferential selection finer-grained BIF spectrum materials 

and silcrete.  

REDUCTION INTENSITY AND STANDARDISATION 
Just as preferential movement of some tool-stone types provides insight into raw 

material management, so too can differences in the manufacture, use and discard of 

stone tools. A technological analysis of the Weld Range data set was performed to 

determine reduction intensity and standardisation at increasing distance from a 

potential source of the same material (e.g. chert artefacts located at increasing 

distances from a chert quarry or secondary source). Raw material types in the BIF 

spectrum are often referred to as coarse-grained (BIF, chalcedony, jasperlite and 

ironstone) and fine-grained (chert, mudstone, quartzite and siliceous sediment) based 

on the spatial analysis results. However, this division contradicts an interpretation of 

chalcedony as a predictable and easy to knap material by the experimental knapping 

program and so might be expected to have been curated over considerable distance 

from the source. For this reason, each raw material type is considered separately in the 

following analysis.  

As discussed in Chapter 5, the Weld Range data set has been grouped for this 

analysis into assemblages that describe distance to a potential source. “Quarried 

Outcrop” refers to artefacts located within 5 m of a quarried outcrop of the same 

material and reflects testing of cobbles and initial reduction. Artefacts, located within 

the boundaries of a quarry site and that were manufactured from the same material as 

quarried, are grouped in the “Surrounds” assemblage and describe use of that material 

at a point in the landscape where it is easily accessible. It should be noted that some 

quarry site boundaries extend to include expansive artefact scatters, probably reflecting 

a range of non-quarrying activities. An artefact situated in the “Surrounds” assemblage 

may nonetheless be hundreds of meters from a quarried outcrop.  

The remaining assemblages are defined based on distance from a potential source 

boundary (1-250 m, 251-500 m, >500 m), taking in to account sufficiently large sample 

size (e.g. more than 10 artefacts in most intervals). It should be noted that artefacts in 

these categories are likely to be much further from an actual quarried outcrop than the 

interval description indicates. For example, an artefact in the 1-250 m interval may only 

be 1 m from a site boundary but, in the case of large multi-components sites, the 

artefact many be hundreds of meters from a quarried outcrop. The distance intervals 

(1-250 m, 251-500 m, >500 m) must be considered as minimum distance values only. 
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The technological analysis relies on the reductive nature of stone tool production and 

the experimental knapping program described in Chapter 6 illustrates this well. Core 

and flake attributes changed during experimental flake manufacture and differing 

proportions of these features are present during this process. That said, the 

experimental results highlighted variation in how different Weld Range tool-stone types 

respond to reduction. For instance, 56 complete flakes were produced from the 

knapped mudstone core while only 15 were removed from the dolerite cobble. While 

this limits the usefulness of comparison of attributes between raw material types, these 

measures when used in reference to experimental records, can provide evidence of 

trends in reduction intensity and standardisation for each material with distance from a 

source.  

Flake to core ratio 
Flake to core ratios for assemblages of coarse-grained BIF spectrum materials such as 

BIF, and ironstone as well as chalcedony diminish as distance from a source increases 

indicating decreased reduction intensity (Figures 7.2 - 7.4, Table 7.3). Quartz displays 

a similar trend to that of BIF with a decline in flake to core ratio values consistent with 

decreasing reduction intensity. However, rather than decreasing gradually, there is an 

abrupt decline in flake to core discard in the Surrounds assemblage and low flake to 

core ratios recorded thereafter. Dolerite exhibits a high degree of variation. This may 

reflect the expedient use, and increased flake production, of dolerite cobbles found in 

sources not accounted for in the spatial analysis such as gravel patches and creek 

beds. In the dolerite assemblage, as well as those recorded for coarse-grained BIF 

materials and quartz, the number of flakes relative to cores diminishes with distance 

from a source. This indicates diminishing flake production, probably as result of core 

exhaustion and discard.  

In contrast, flake to core ratios for fine-grained BIF spectrum materials (chert, 

mudstone, quartzite and siliceous sediment) describe an increase at 500 m from a 

source suggesting a rise in flake discard. This may describe the introduction of new 

cores with greater opportunity for flake production or greater use of cores that, closer to 

the source, may have been perceived as exhausted (e.g. Byrne 1980). While no data 

are available for the use of silcrete within a quarry assemblage, the flake to core ratio 

remains relatively static with distance to a source and is among the lowest values 

recorded. Flake relative to core discard appears low for this material regardless of 

distance from a source and may describe conservation of cores resulting in limited 

flake manufacture or the rapid exhaustion and discard of cores. 
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Figure 7.2. Flake to core ratios (Minimum number of flakes/ Number of complete cores) at increasing distance 

from a potential source for BIF, chalcedony, ironstone and jasperlite. 
 

 
Figure 7.3. Flake to core ratios (Minimum number of flakes/ Number of complete cores) at increasing distance 

from a potential source for chert, mudstone, quartzite and siliceous sediment. 
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Figure 7.4. Flake to core ratios (Minimum number of flakes/ Number of complete cores) at increasing distance 

from a potential source for dolerite, quartz and silcrete. 

 

Table 7.3. Flake to core (Minimum number of flakes/ Number of complete cores) ratios at increasing distance 
from a potential source for each Weld Range raw material type.  
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Quarry 
assemblage 

MNF 1697 39 103.5 36.5     28.5 281 13.5   41.5 
Cores 191 10 16 6     4 32 5   6 
MNF: Core 8.88 3.90 6.47 6.08     7.13 8.78 2.70   6.92 

Surrounds MNF 1728   352 117.5     42 181.5 5   0 
  Cores 229   52 6     7 57 1   1 
  MNF: Core 7.55   6.77 19.58     6.00 3.18 NA   NA 
1-250 m MNF 2209 1470 600.5 346 170.5 116 172.5 1873 118 202.5 50 
  Cores 392 461 140 137 58 30 51 531 67 97 18 
  MNF: Core 5.63 3.19 4.29 2.53 2.94 3.87 3.38 3.53 1.76 2.09 2.78 
251-500 m MNF 311 74.5 154.5 111 28.5 10.5 28 437.5 14.5 64.5 10 
  Cores 71 46 73 23 11 2 9 155 22 38 10 
  MNF: Core 4.38 1.62 2.12 4.83 2.59 5.25 3.11 2.82 0.66 1.70 1.0 
>500 m MNF 120.5 24 90.5 127 8 3 31 486.5 22.5 45 7.5 
  Cores 29 13 28 34 4 2 5 148 14 27 3 
  MNF: Core 4.16 1.85 3.23 3.74 NA NA 6.20 3.29 1.61 1.67 2.50 
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Core attributes 
The rising proportion of multi platform cores in the BIF assemblage with distance from 

a source indicates increasing core rotation (Figures 7.5 - 7.7, Table 7.4). Available data 

for the chalcedony, jasperlite and dolerite assemblages indicate a similar trend.  As 

distance to a source increases cores of these materials are increasingly rotated to take 

advantage of new platforms and produce additional flakes indicating some effort to 

curate the very small number of transported cores manufactured from these materials.  

In contrast, the proportion of single to multi platform cores rises in the chert 

assemblage until 500 m from a possible source. The available records for quartzite 

follow a similar trend, although in the absence of quarry site data it may also follow the 

rises noted in ironstone and BIF in the 251-500 m interval. Chert cores are also found 

in higher numbers outside of the quarry and surrounds assemblages. It may be that 

chert cores were more frequently moved away from quarry locations and the greater 

supply reduced the need for core rotation. Multi platform chert become more frequent 

in the assemblage discarded more than 500 m from a possible source. This may be the 

result of core conservation as access to a chert source became more distant.  

Multi platform cores become more common in the quartz assemblages until 250 m from 

a quartz source. Single platforms then increase in proportion. A similar trend is 

described by the records available for silcrete. The increase in the proportion of quartz 

single platform cores may reflect use of sources not accounted for in the spatial 

analysis such as gravel patches and creek beds. This is an unlikely explanation of the 

silcrete results as silcrete cobbles have not been described in these sources. As with 

the chert assemblage this may reflect the movement of a relatively high number of 

cores away from quarries of this material. However, given that the proportion of single 

platform cores continues to rise for silcrete after 500 m, this may also reflect a 

technological constraint. While not evident in the experimental knapping data, it may be 

that Weld Range silcrete cobbles were unsuitable for core rotation or that extensive 

use of a single core face exhausted silcrete cores before core rotation could occur.   



Tool-stone resource management in the Weld Range, Midwest region, Western Australia 

 

134 

 
Figure 7.5. Single to multi platform core ratios at increasing distance from a potential source for BIF, 

chalcedony, ironstone and jasperlite. 
 

 
Figure 7.6. Single to multi platform core ratios at increasing distance from a potential source for chert, 

mudstone, quartzite and siliceous sediment. 
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Figure 7.7. Single to multi platform core ratios at increasing distance from a source for dolerite, quartz and 

silcrete 

 

Table 7.4. Single to multi platform core ratios at increasing distance from a potential source for each Weld 
Range raw material type.  
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Single platform 150 5 10 6     3 23 4   5 
Multi platform 35 4 6 0     1 6 1   1 
Singe: multi 4.29 NA 1.67 NA     NA 3.83 NA   NA 

Surrounds Single platform 168   36 3     5 39 1   1 
  Multi platform 57   14 2     2 17 0   0 
  Singe: multi 2.95   2.57 NA     NA 2.29 NA   NA 
1-250 m Single platform 271 322 110 85 46 22 44 330 45 62 12 
  Multi platform 116 134 30 45 12 7 7 180 20 33 6 
  Singe: multi 2.34 2.40 3.67 1.89 3.83 3.14 6.29 1.83 2.25 1.88 2.00 
251-500 m Single platform 52 30 58 12 9 2 7 103 15 27 5 
  Multi platform 19 16 15 10 2 0 2 48 5 11 4 
  Singe: multi 2.7 1.9 3.9 1.2 4.5 NA NA 2.1 3.0 2.5 NA 
>500 m Single platform 16 12 21 16 3 1 2 103 8 20 2 
  Multi platform 12 1 6 16 1 1 3 43 6 7 1 
  Singe: multi 1.33 NA 3.50 1.00 NA NA NA 2.40 1.33 2.86 NA 

 

For the remaining analysis, 1,577 cores with full technological attributes recorded are 

available. Analysis of core attributes is restricted to BIF, chert and quartz that have 

core assemblages greater than ten for more than two distance intervals facilitating 

recognition of trends. Based on Weld Range raw material categorisation the BIF and 

chert can be thought of as different ends of the same spectrum with chert describing 

the use of a fine-grained, more predictable material compared with BIF.  
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Dimensions 
Most single platform cores are less than 70 mm in orientated dimension except for 

chert cores found at the Quarried Outcrop assemblage that are on average 84.1 mm 

(Figure 7.8, Table 7.5). Quartz cores are typically the smallest while BIF are the 

largest. This most likely reflects available nodule size with BIF more often outcropping 

as large tabular pieces or low ridges while quartz outcrops as smaller boulders or 

cobbles. Quartz cores have similar average lengths at increasing distance from a 

source and there is a lot of variation probably also as a result of cobble size as well as 

the introduction of material from gravel patches and creek beds. BIF cores tend to 

become smaller and less varied suggesting increased core reduction with distance 

from a source. A similar increase in reduction intensity is evident in the chert 

assemblage with a decrease in size away from the Quarried Outcrop. However, the 

small number of single (n=6) and multi platform (n=2) chert cores recorded further than 

500 m from a potential chert source are larger in all dimensions when compared to 

cores in the 251-500 m assemblage (Tables 7.5 - 7.6). This may indicate the 

introduction of new, larger cores not used since selection at the quarry or the 

exhaustion of larger cores as distance from a potential source increased. Sample size 

is problematic for multi platform core assemblages with only one containing more than 

50 artefacts and five containing fewer than 10 artefacts (Figure 7.9, Table 7.6). 

However, trends noted in the single platform assemblages are apparent with cores 

becoming smaller as distance increases.  

 
Figure 7.8. Box and whisker plot of orientated single platform core length (mm) at increasing distance from a 

potential source for BIF, chert and quartz. 
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Table 7.5. Summary of orientated dimensions for single platform cores at increasing distance from a potential 
source for BIF, chert and quartz. 

Distance to nearest potential 
source 

Length (mm) Width (mm) Thickness (mm) 
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Quarry 
assemblage 

n 150 10 23 150 10 23 150 10 23 
Average 54.13 84.10 37.22 73.13 75.80 45.43 55.46 72.90 33.17 
Maximum 213 255 98 220 160 69 155 145 62 
Minimum 9 37 12 9 37 12 9 37 12 
Standard deviation 36.03 67.09 18.53 32.91 38.43 14.24 34.11 31.30 15.03 

Surrounds n 168 36 39 168 36 39 168 36 39 
  Average 49.19 51.50 29.66 70.92 63.86 38.69 56.34 44.17 27.77 
  Maximum 245 250 62 155 195 69 147 103 59 
  Minimum 9 9 10 9 9 10 9 9 10 
  Standard deviation 31.48 50.48 14.93 28.86 33.09 19.00 29.05 18.89 16.68 
1-250 m n 100 43 80 100 43 80 100 43 80 
  Average 49.21 42.37 33.02 57.31 39.59 40.94 45.51 30.77 29.69 
  Maximum 113 115 110 115 90 98 108 81 75 
  Minimum 10 12 9 10 12 9 10 12 9 
  Standard deviation 28.58 25.66 17.44 31.42 22.13 20.89 26.23 18.22 15.46 
251-500 m n 38 41 29 38 41 29 38 41 29 
  Average 45.76 28.49 33.72 52.47 32.80 39.17 41.71 20.24 27.07 
  Maximum 160 55 150 135 68 125 92 41 80 
  Minimum 7 10 8 7 10 8 7 10 8 
  Standard deviation 34.0 16.9 21.0 32.8 18.4 21.8 24.9 12.0 15.3 
>500 m n 8 6 27 8 6 27 8 6 27 
  Average 38.00 42.50 34.93 53.00 39.67 40.11 45.38 24.00 36.63 
  Maximum 90 64 165 106 57 103 109 35 110 
  Minimum 12 17 13 12 17 13 12 17 13 
  Standard deviation 27.37 21.93 21.34 31.77 19.69 20.65 31.85 11.93 20.26 

 

 
Figure 7.9. Box and whisker plot of maximum multi platform core length at increasing distance from a potential 

source for BIF, chert and quartz. 



Tool-stone resource management in the Weld Range, Midwest region, Western Australia 

 

138 

Table 7.6. Summary of maximum dimensions for multi platform cores at increasing distance from a potential 
source for BIF, chert and quartz. 

Distance to nearest potential 
source 

Length (mm) Width (mm) Thickness (mm) 
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Quarry 
assemblage 

n 35 6 6 35 6 6 35 6 6 
Average 115.14 144.67 156.67 91.43 88.33 111.17 55.89 53.00 51.17 
Maximum 220 240 661 250 155 443 112 71 152 
Minimum 39 29 34 39 29 34 39 29 34 
Standard deviation 43.67 77.35 247.52 41.05 44.23 163.28 27.50 18.35 49.92 

Surrounds n 57 14 17 57 14 17 57 14 17 
  Average 96.63 80.36 46.64 72.75 61.14 32.91 51.39 38.21 23.45 
  Maximum 170 190 93 160 135 52 152 85 55 
  Minimum 35 37 26 35 37 26 35 37 26 
  Standard deviation 34.65 41.09 29.04 29.99 30.89 18.95 28.79 17.48 16.53 
1-250 m n 31 8 29 31 8 29 31 8 29 
  Average 73.65 41.63 54.41 54.26 29.88 44.34 39.35 23.63 30.07 
  Maximum 150 64 94 114 47 79 116 42 59 
  Minimum 32 25 26 32 25 26 32 25 26 
  Standard deviation 36.01 20.15 21.74 27.29 14.81 18.37 21.21 12.08 12.48 
251-500 m n 3 10 12 3 10 12 3 10 12 
  Average 52.67 39.90 43.83 37.33 30.10 32.25 37.33 22.80 21.75 
  Maximum 62 49 76 44 39 50 60 34 34 
  Minimum 44 26 30 44 26 30 44 26 30 
  Standard deviation 20.43 20.17 20.76 14.46 15.62 14.88 15.85 12.45 10.22 
>500 m n 7 2 7 7 2 7 7 2 7 
  Average 53.29 94.00 64.14 40.29 66.00 48.43 28.43 36.00 37.57 
  Maximum 96 94 170 54 66 120 49 36 120 
  Minimum 40 94 26 40 94 26 40 94 26 
  Standard deviation 19.78 48.54 30.82 22.33 34.08 23.17 16.81 18.59 20.32 

 

Cortex 
Most cores recorded at any distance from a source in the Weld Range data set have 

more than 50% cortex (unmodified exterior surface of the core, including heat fracture) 

(Figure 7.10, Table 7.7). For BIF and chert cores the proportion of core cortex 

decreases suggesting greater core reduction intensity as distance from a source 

increases. Only chert cores between 1-250 m and over 500 m are more likely to have 

less than 50% cortex. While this may indicate greater core reduction intensity for chert, 

the chert core knapped in the experimental program also exhibited higher proportions 

of cortex compared to the BIF core and this trend may be related to raw material 

properties rather than comparative reduction intensity. Quartz cores vary little except 

between 251-500 m where the proportion of cores with more than half their surface 

covered by cortex drops. 
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Figure 7.10. Proportion of cortex on cores record at increasing distance from a potential source for BIF, chert 

and quartz. 

 

Table 7.7. Proportion of cortex on cores recorded at increasing distance from a potential source for BIF, chert 
and quartz. 

Distance to nearest 
potential source 

BIF Chert Quartz 

n % n % n % 
Quarried 
outcrop 

51-99% 158 81 13 81 28 80 
1-50% 38 19 3 19 7 20 

Surrounds 51-99% 192 82 24 47 33 69 

  1-50% 43 18 27 53 15 31 
1-250 m 51-99% 93 70 29 60 81 74 

  1-50% 40 30 19 40 28 26 
251-500 m 51-99% 23 59 36 69 23 58 

  1-50% 16 41 16 31 17 43 
>500 m 51-99% 9 56 3 38 25 74 

  1-50% 7 44 5 63 9 26 

 

Platform surfaces 
Cortical platforms are common among all core assemblages (Figure 7.11, Table 7.8). 

Flaked platforms are rare in the Quarried Outcrop and Surrounds assemblages for BIF 

but become more common with distance from a source suggesting rising reduction 

intensity. Flat and flaked platforms are more common for chert, a trend noted among 

complete flakes in the experimental chert assemblage. However, chert cores with 

cortical platforms increase proportionally in the Surrounds, 1-250 m and 251-500 m 

assemblages. This may reflect a combination of continued use of a single platform and 

the introduction of cores with mostly cortical surfaces, selected at a quarry and not 

reduced since. Chert cores found more than 500 m from a quarry exhibit higher 

proportions of flaked platforms than BIF and quartz cores and indicate greater core 

rotation and reduction intensity. Quartz core platforms are typically cortical regardless 
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of distance from a potential source. There is a slight increase in flaked platforms over 

500 m. Other platforms, including focalised, collapsed and crushed platforms, while 

rare in the Weld Range core data set, are more common in the quartz assemblage. 

 
Figure 7.11. Proportion of platform types on cores recorded at increasing distance from a potential source for 

BIF, chert and quartz. 

 

Table 7.8. Proportion of platform surfaces on cores recorded at increasing distance from a potential source for 
BIF, chert and quartz. 

Distance to nearest 
potential source 

BIF Chert Quartz 

n % n % n % 
Quarried 
outcrop 

Cortical 145 59 14 58 22 51 
Flat 78 32 7 29 12 28 

  Flaked 19 8 3 13 8 19 
  Other 4 2 0 0 1 2 
Surrounds Cortical 216 71 28 35 33 52 
  Flat 71 23 41 52 26 41 
  Flaked 15 5 10 13 4 6 
  Other 2 1 0 0 0 0 
1-250 m Cortical 106 59 29 46 88 60 
  Flat 51 28 28 44 47 32 
  Flaked 23 13 6 10 11 8 
  Other 0 0 0 0 0 0 
251-500 m Cortical 21 45 36 55 32 58 
  Flat 16 34 25 38 15 27 
  Flaked 10 21 4 6 7 13 
  Other 0 0 0 0 1 2 
>500 m Cortical 14 45 6 43 30 67 
  Flat 11 35 4 29 9 20 
  Flaked 6 19 4 29 6 13 
  Other 0 0 0 0 0 0 
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Number of initiations per core platform 
Most core platforms recorded in the Weld Range data set have 1-2 points of flake 

initiation preserved per platform (Figure 7.12, Table 7.9). Only chert cores further than 

500 m from a source commonly have 3-4 initiations suggesting greater reduction 

intensity. The number of initiations per platform for BIF cores varies from distance 

interval to distance interval. Quartz cores show little evidence for change in reduction 

intensity with more than 79% of each assemblage comprised of cores with 1-2 

initiations per platform. 

 
Figure 7.12. Number of initiations per platform for cores recorded at increasing distance from a potential 

source for BIF, chert and quartz. 

 

Table 7.9. Number of initiations per platform for cores recorded at increasing distance from a potential source 
for BIF, chert and quartz. 

Distance to nearest 
potential source 

BIF Chert Quartz 

n % n % n % 
Quarried 
outcrop 

1-2 129 65 14 88 29 83 
3-4 45 23 1 6 6 17 

  5+ 23 12 1 6 0 0 
Surrounds 1-2 170 72 44 81 39 80 
  3-4 47 20 7 13 10 20 
  5+ 18 8 3 6 0 0 
1-250 m 1-2 87 61 37 69 88 79 
  3-4 44 31 11 20 21 19 
  5+ 12 8 6 11 2 2 
251-500 m 1-2 34 77 43 80 34 83 
  3-4 9 20 9 17 5 12 
  5+ 1 2 2 4 2 5 
>500 m 1-2 9 56 3 38 28 82 
  3-4 4 25 5 63 5 15 
  5+ 3 19 0 0 1 3 

 

 



Tool-stone resource management in the Weld Range, Midwest region, Western Australia 

 

142 

Core complete flake scar dimensions 
Single and multi platform cores of BIF, chert and quartz have complete scars averaging 

less than 30 mm in length except for chert cores in the Quarried Outcrop assemblage 

that average 36.4 mm (Figure 7.13, Table 7.10). BIF complete negative flake scars 

become smaller and variation diminishes as distance to a source increases indicating 

greater core reduction. Complete scars on chert cores also become smaller on average 

until after 500 m when their length and width become significantly larger than the 251-

500 m assemblage (Table 7.11). This is unusual and may indicate the introduction of 

new, larger cores into the assemblage that produced longer and wider flakes. Quartz 

complete scar lengths vary in size with distance from a source. This would suggest that 

there is little change in reduction intensity.  

Complete scar elongation (length/ width) averages between 1.09 and 1.48 with a great 

deal of variation within all assemblages (Figure 7.14, Table 7.10). As distance from a 

source increases BIF complete flake scars become more elongate and standard 

deviation diminishes suggesting greater standardisation. By contrast, chert complete 

scars are elongate but with a high standard deviation value at the Quarried Outcrop, 

becoming increasingly elongate with distance from a source. While the chert complete 

scars after 500 m become less elongate, they also become less variable with the 

standard deviation decreasing, possibly describing increased standardisation in flake 

shape. Quartz complete scar elongation changes little but standard deviations increase 

until 500 m before lowering again. It seems possible that small cobble size has 

constrained elongation potential for quartz. 
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Figure 7.13. Box and whisker plot of complete scar length (mm) for cores at increasing distance from a 

potential source for BIF, chert and quartz. 
 
 

 
Figure 7.14. Box and whisker plot of complete scar elongation (length/width) for cores at increasing distance 

from a potential source for BIF, chert and quartz. 
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Table 7.10. Core complete flake scar dimensions for cores recorded at increasing distance from a potential 
source for BIF, chert and quartz. 

Distance to nearest potential 
source 

Length (mm) Width (mm) Elongation (l/w) 
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Quarry 
assemblage 

n 345 26 62 345 26 62 345 26 62 
Average 28.05 42.54 22.66 27.04 42.19 20.79 1.10 1.37 1.18 
Maximum 111 105 50 101 121 50 4.78 5.40 2.93 
Minimum 4 15 5 6 10 5 0.33 0.53 0.37 
Standard deviation 18.45 20.43 12.09 15.00 29.12 11.47 0.59 1.13 0.55 

Surrounds n 450 98 83 450 98 83 450 98 83 
  Average 24.74 27.32 16.53 23.78 26.46 14.61 1.10 1.16 1.16 
  Maximum 116 125 53 78 130 45 4.86 4.33 2.75 
  Minimum 3 5 3 4 7 4 0.29 0.30 0.43 
  Standard deviation 17.06 20.52 9.47 13.64 20.28 7.06 0.59 0.63 0.50 
1-250 m n 258 77 191 258 77 191 258 77 191 
  Average 22.72 19.38 18.45 20.15 17.48 16.97 1.24 1.23 1.16 
  Maximum 74 90 56 61 55 45 7.00 4.50 3.20 
  Minimum 4 3 4 4 2 5 0.27 0.44 0.29 
  Standard deviation 14.69 13.19 10.01 12.42 10.76 8.88 0.81 0.77 0.60 
251-500 m n 63 83 70 63 83 70 63 83 70 
  Average 23.70 14.17 15.56 21.60 11.87 14.90 1.26 1.31 1.14 
  Maximum 54 45 50 60 32 36 3.50 4.00 4.50 
  Minimum 7 4 3 4 2 3 0.17 0.33 0.50 
  Standard deviation 14.47 9.14 8.85 14.31 7.34 8.41 0.78 0.83 0.65 
>500 m n 42 23 57 42 23 57 42 23 57 
  Average 17.15 22.61 19.74 14.23 23.04 18.00 1.24 1.09 1.19 
  Maximum 49 46 62 30 62 72 3.08 2.82 3.22 
  Minimum 6 12 5 6 9 6 0.40 0.60 0.45 
  Standard deviation 10.99 13.58 11.58 7.89 15.25 10.77 0.73 0.65 0.66 

 

 
Table 7.11. Comparison of chert 251-500 m and >500 m core complete flake scar dimensions (null hypothesis 

rejected if p < 0.005). 

Attribute Mann-Whitney U 
value z value p value 

Orientated 
length 

Single platform cores 148 -2.7048 0.0068 

Multi platform cores 78 -2.2031 0.0275 

All cores 464 -3.7612 0.0001 
Orientated 
width 

Single platform cores 151.5 -2.6464 0.0081 

Multi platform cores 28 -3.8897 0.0001 

All cores 312 -4.9298 <0.0001 
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Complete flake attributes 
Complete flakes are used in this analysis as they preserve a complete record of 

attributes. Full technological attributes were recorded for 8,012 complete flakes. 

Analysis is restricted to BIF, chalcedony, chert, dolerite, mudstone, quartz and silcrete 

as these materials have complete flake assemblages greater than ten for more than 

two distance intervals facilitating recognition of trends. Based on Weld Range raw 

material categorisation the BIF, chalcedony, chert and mudstone can be thought of as 

different ends of the same spectrum with chert and mudstone describing the use of 

fine-grained material and BIF describing coarser materials. While chalcedony is 

described in the experimental knapping assemblage as a highly predictable, fine-

grained material, it is one of the least moved Weld Range tool-stone types.  

Dimensions 
Most complete flakes for Weld Range raw materials recorded at any distance from a 

potential source are less than 60 mm in average orientated length (Figures 7.15 - 7.16, 

Tables 7.12 - 7.14). The exception is the dolerite assemblage in which complete flake 

lengths range from 49.48 mm in the 251-500 m assemblage to 69.54 mm in the 

Quarried Outcrop assemblage. The larger average complete flake length for dolerite 

may be a result of the extreme force required to remove flakes. During experimental 

knapping it was noted that either a large complete flake or shatter, which would be 

unrecognisable from heat fracture in the field, was produced.  

For all Weld Range materials complete flakes are on average twice as large as 

complete negative flake scars recorded for cores. The larger average orientated length 

of the complete flake assemblage may result from the movement of some larger flakes, 

produced at or near the quarried outcrop, for use elsewhere in the landscape. 

However, this removal of larger tools would reduce the average dimensions of 

complete flakes in the Quarried Outcrop assemblage. Only the mudstone assemblage 

describes this trend with an average orientated length in the Quarried Outcrop 

assemblage of 38.22 mm and in the 251-500 m assemblage of 45.32 mm. For other 

materials it seems most likely that small average flake size was one reason cores were 

discarded.  

BIF flakes are larger in the Quarried Outcrop and Surrounds assemblages compared 

with assemblages away from a source. However, once outside a quarry’s site 

boundary, complete flake length, width and thickness remains relatively static, 

suggesting little change in reduction intensity with distance from a source. While this 

might indicate standardisation in flake production, this is unlikely as standard deviation 

values are relatively high. Dolerite presents a similar trend but with a high average 
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flake length and higher standard deviation recorded in the Quarried Outcrop 

assemblage compared with the BIF assemblage. In contrast, chert exhibits a trend for 

smaller flakes, with decreasing standard deviations, as distance from a source 

increases. However, there is a small, if not significant (Mann-Whitney U=1368, z=-

1.3764, p=0.1687), increase in average orientated length after 500 m compared with 

the 251-500 m assemblage and width measures remain similar while thickness 

continues to diminish. As with the core complete flake scar orientated measures, this 

may indicate the introduction of new, larger material into the chert assemblage.  

Unlike other materials mudstone flakes become longer, wider and thicker  as distance 

from a source increases ranging in orientated length from 36.9 mm in the Quarried 

Outcrop assemblage to 45.3 mm in the 251-500 m distance interval, the largest 

average complete flake size for any BIF spectrum assemblage and second only to the 

dolerite assemblages. Like the chert data, this trend may describe the introduction of 

new, larger cores to locations away from a source or it may indicate movement of large 

flakes. After 500 m mudstone flakes become somewhat smaller in length, although this 

is not a statistical difference (Mann-Whitney U=126.5, z=-1.0941, p=0.2739). However, 

this may mark the point at which reduction intensity increases and new material either 

ceases to be introduced or is becoming sufficiently reduced that smaller flakes are 

produced.  

Silcrete flakes at increasing distance from a source become smaller in length and 

width, but not thickness, and standard deviation is low indicating increasing core 

reduction and possibly some standardisation. In contrast, quartz complete flakes 

exhibit little change in size between distance intervals. In the chalcedony assemblages 

average complete flake length is erratic but within a comparatively small size range, 

between 19.5 mm to 42.9 mm for average flake length. These materials are commonly 

found as cobbles in creek beds and gravel patches. The limited size range recorded 

the chalcedony and quartz assemblages may result from the use of these typically 

small cobbles, when compared to outcropping material, constraining possible flake 

size.  
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Figure 7.15. Box and whisker plot of orientated complete flake length at increasing distance from a potential 

source for BIF, chalcedony, chert and mudstone. 

 

 
Figure 7.16. Box and whisker plot of orientated complete flake length at increasing distance from a potential 

source for dolerite, quartz and silcrete. 
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Table 7.12. Orientated complete flake length (mm) at increasing distance from a potential source BIF, 
chalcedony, chert, dolerite, mudstone, quartz and silcrete. 
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Quarry 
assemblage 

n 1401 28 81 28 23 200 3 
Average 44.37 36.64 44.77 69.54 38.22 28.93   
Maximum 136 150 104 171 83 74   
Minimum 8 9 12 20 11 8   
Standard deviation 22.11 27.22 21.92 39.12 24.21 12.70   

Surrounds n 1410 0 262 100 34 112 0 
  Average 44.28   37.87 54.05 37.21 24.79   
  Maximum 145   103 154 82 76   
  Minimum 4   8 13 14 8   
  Standard deviation 21.66   18.45 26.30 15.99 10.33   
1-250 m n 982 680 127 82 83 299 35 
  Average 31.21 33.63 27.85 51.81 35.80 28.58 40.83 
  Maximum 115 106 84 140 105 84 73 
  Minimum 3 6 7 18 11 9 17 
  Standard deviation 19.00 15.45 14.93 21.72 15.59 12.40 14.57 
251-500 m n 183 24 102 31 19 114 13 
  Average 32.50 37.20 21.52 49.48 45.32 26.02 37.54 
  Maximum 96 81.2 67 106 89 56 67 
  Minimum 6 17 5 24 23 9 14 
  Standard deviation 18.65 15.68 10.44 18.00 17.70 9.70 13.84 
>500 m n 76 11 32 45 17 127 9 
  Average 33.09 28.82 24.56 55.56 38.29 26.71 34.11 
  Maximum 103 50 54 145 56 76 50 
  Minimum 8 13 8 21 19 7 18 
  Standard deviation 19.8 12.7 11.0 25.8 9.5 11.3 11.6 

 

Table 7.13. Orientated complete flake width (mm) at increasing distance from a potential source BIF, 
chalcedony, chert, dolerite, mudstone, quartz and silcrete. 

Distance to nearest potential 
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Quarry 
assemblage 

n 1401 28 81 28 23 200 3 
Average 39.47 25.96 43.80 55.43 31.26 22.82   
Maximum 226 56 170 129 121 122   
Minimum 6 10 9 20 10 5   
Standard deviation 20.43 13.33 28.43 33.33 23.53 12.29   

Surrounds n 1410 0 262 100 34 112 0 
  Average 38.20   33.00 50.62 34.91 20.48   
  Maximum 120   105 126 82 48   
  Minimum 7   5 15 7 7   
  Standard deviation 18.14   15.68 24.40 16.44 8.29   
1-250 m n 982 680 127 82 83 299 35 
  Average 28.13 28.57 23.78 47.34 31.58 23.33 31.90 
  Maximum 216 80 71 154 85 63 59 
  Minimum 4 5 8 12 8 3 19 
  Standard deviation 17.57 11.91 11.97 23.09 14.29 11.35 11.53 
251-500 m n 183 24 102 31 19 114 13 
  Average 28.81 35.31 18.89 50.87 38.32 21.37 32.15 
  Maximum 85 93 50 135 61 43 51 
  Minimum 4 14 3 15 16 5 12 
  Standard deviation 16.29 19.11 9.29 30.80 13.17 7.70 11.39 
>500 m n 76 11 32 45 17 127 9 
  Average 25.68 29.09 17.94 48.91 32.59 21.85 30.22 
  Maximum 60 72 35 110 49 72 46 
  Minimum 5 10 8 14 17 8 13 
  Standard deviation 13.76 18.66 7.62 22.86 8.92 9.89 12.45 
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Table 7.14. Orientated flake thickness (mm) at increasing distance from a potential source BIF, chalcedony, 
chert, dolerite, mudstone, quartz and silcrete. 

Distance to nearest potential 
source B
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Quarry 
assemblage 

n 1401 28 81 28 23 200 3 
Average 13.39 9.75 15.85 17.50 9.17 8.59 9.33 
Maximum 92 42 49 48 37 30 16 
Minimum 1 2 1 5 2 1 5 
Standard deviation 9.08 8.20 11.29 13.54 8.00 5.23 5.86 

Surrounds n 1410 0 262 100 34 112 0 
  Average 13.31   11.44 15.00 10.65 7.55   
  Maximum 64   43 43 29 30   
  Minimum 1   2 4 3 2   
  Standard deviation 8.30   7.50 8.52 5.53 4.36   
1-250 m n 982 680 127 82 83 299 35 
  Average 8.81 10.05 8.14 14.90 11.19 8.99 12.83 
  Maximum 64 47 32 51 30 30 35 
  Minimum 1 1 1 4 2 1 3 
  Standard deviation 6.91 5.85 5.40 8.46 5.80 5.11 6.95 
251-500 m n 183 24 102 31 19 114 13 
  Average 9.47 11.50 7.08 24.58 11.47 9.30 12.31 
  Maximum 33 29 24 90 25 28 21 
  Minimum 1 4 1 4 6 2 5 
  Standard deviation 6.99 6.60 4.53 21.66 4.99 4.79 5.11 
>500 m n 76 11 32 45 17 127 9 
  Average 8.79 8.45 5.34 16.51 11.71 8.90 10.00 
  Maximum 40 20 15 42 18 77 21 
  Minimum 1 3 1 3 4 1 5 
  Standard deviation 6.78 6.50 3.31 9.08 4.25 7.14 5.02 

 

Elongation 
Complete flake elongation indices average between 1.11 and 1.47 for all raw materials 

suggesting that most flakes are almost as wide as they are long (Figures 7.17 - 7.18 

Table 7.15). BIF and chert complete flake elongation remains relatively static until a 

slight increase in the greater than 500 m assemblage. This corresponds with an 

increase in spread of values recorded and is unlikely to reflect standardisation.  

Mudstone flakes tend to be short and wide within the Quarried Outcrop assemblage 

and the standard deviation is high. However, as distance from a potential mudstone 

source increases, mudstone flakes become more elongate with low standard deviation 

values. While only two values are available for silcrete a similar increase in elongation. 

This may describe the progressive standardisation in the production of mudstone and 

silcrete flakes.  

Chalcedony and dolerite complete become less elongate with distance from a source. 

While the greater than 500 m assemblage is on average more elongate compared with 

the 251-500 m assemblage this difference is not statistically significant (chalcedony: 

Mann-Whitney U=130.5, z=-0.0355, p=0.9717, dolerite: Mann-Whitney U=773.5, z=-

0.7055, p=0.4805). It might be that the small number of flakes selected for transport 
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further than 500 m from a source, or produced at this distance, were more 

standardised than those closer to the source.  

Quartz flakes are less elongate in the Surrounds assemblage and change little with 

distance from a source. As with the flake measurements above, this lack of change 

may be the result of cobble shape and size restricting elongation potential. 

 
Figure 7.17. Box and whisker plot of orientated complete flake elongation (length/width) at increasing distance 

from a potential source for BIF, chalcedony, chert and mudstone. 
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Figure 7.18. Box and whisker plot of orientated complete flake elongation (length/width) at increasing distance 

from a potential source for dolerite, quartz and silcrete. 

 

Table 7.15. Complete flake elongation index (length/ width) at increasing distance from a potential source BIF, 
chalcedony, chert, dolerite, mudstone, quartz and silcrete. 

Distance to nearest potential 
source B
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Quarry 
assemblage 

n 1401 28 81 28 23 200 3 
Average 1.22 1.47 1.25 1.39 1.41 1.39 0.92 
Maximum 6.94 3.10 3.33 3.67 4.40 3.36 1.02 
Minimum 0.15 0.31 0.32 0.41 0.54 0.43 0.83 
Standard deviation 0.54 0.66 0.66 0.69 0.92 0.53 0.09 

Surrounds n 1410 0 262 100 34 112 0 
  Average 1.25   1.27 1.15 1.20 1.27   
  Maximum 4.91   6.08 2.61 4.00 2.71   
  Minimum 0.25   0.29 0.43 0.48 0.52   
  Standard deviation 0.53   0.69 0.44 0.63 0.39   
1-250 m n 982 680 127 82 83 299 35 
  Average 1.21 1.25 1.25 1.29 1.23 1.32 1.34 
  Maximum 16.14 5.80 5.00 11.67 3.63 5.00 2.15 
  Minimum 0.08 0.40 0.50 0.60 0.29 0.34 0.62 
  Standard deviation 0.73 0.52 0.61 1.26 0.50 0.46 0.43 
251-500 m n 183 24 102 31 19 114 13 
  Average 1.25 1.20 1.37 1.18 1.24 1.31 1.27 
  Maximum 8.75 3.00 12.33 2.22 2.50 4.29 2.17 
  Minimum 0.38 0.48 0.44 0.48 0.72 0.61 0.44 
  Standard deviation 0.75 0.57 1.27 0.52 0.44 0.55 0.49 
>500 m n 76 11 32 45 17 127 9 
  Average 1.35 1.11 1.48 1.23 1.27 1.31 1.20 
  Maximum 2.87 1.59 3.60 2.36 2.76 3.23 1.69 
  Minimum 0.43 0.52 0.50 0.46 0.63 0.48 0.75 
  Standard deviation 0.56 0.32 0.67 0.45 0.54 0.50 0.30 
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Platform shape 
Platform shape provides evidence for control in the knapping process. While the 

production of gull wing platforms can indicate standardisation in flake production, this 

platform shape is rare in the Weld Range data set (Figures 7.19 - 7.20, Table 7.16). 

The exception to this is the dolerite Quarried Outcrop assemblage where gull wing 

platforms comprise 25% (n=7) of the assemblage. However, the dolerite assemblage 

sample size is small and during the experimental program the knapper noted that the 

tendency for dolerite to produce complete flakes, if any flake at all, might encourage 

continued use of a suitable platform and thus the creation of gull winged platforms. Gull 

wing platforms increase in frequency in BIF assemblages as distance to a potential 

source increases suggesting greater platform preparation, control over flake production 

and increased reduction intensity. After 500 m, other platform surfaces such as 

focalised, crushed and collapse become more common in the BIF assemblage. This 

change probably reflects core rotation and use of new, perhaps less ideal, platforms.  

Chert follows a similar trend to BIF but gull wing platforms become most frequent after 

500 m. Given that gull wing platforms were produced only in the later stages of 

reduction during experimental knapping, these results indicate that greater care was 

taken to maintain chert platforms, particularly as supply diminished with distance from a 

source. These results also suggest increasing reduction intensity. Similarly, gull wing 

platforms are present in all mudstone assemblages in higher proportions to those 

recorded in the experimental assemblages and provide evidence for platform 

preparation.  

In contrast to the experimental assemblage, small numbers of quartz complete flakes in 

the archaeological assemblage have gull wing platforms. However, this may reflect the 

difficulty of distinguishing flaked quartz from heat fracture in the field; a challenge even 

in laboratory circumstances (e.g. Driscoll 2011). Quartz flakes in the archaeological 

assemblage with gull wing platforms are more easily recognisable and this may have 

biased recording. It is most likely that this, rather than standardisation in flake 

manufacture, created the pattern described by these results.  
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Figure 7.19. Complete flake dorsal cortex proportions at increasing distance from a potential source for BIF, 

chalcedony, chert and mudstone. 

 

 
Figure 7.20. Complete flake dorsal cortex proportions at increasing distance from a potential source for 

dolerite, quartz and silcrete. 
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Table 7.16. Complete flakes platform shape at increasing distance from a potential source BIF, chalcedony, 
chert, dolerite, mudstone, quartz and silcrete 

Distance to nearest 
potential source 
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n % n % n % n % n % n % n % 
Quarried 
outcrop 

Wide area 1176 84 22 79 69 85 19 68 21 91 143 72 2 67 
Gull wing 46 3 0 0 0 0 7 25 1 4 11 6 0 0 

  Other 179 13 6 21 12 15 2 7 1 4 46 23 1 33 
Surrounds Wide area 1200 85     228 87 93 93 26 76 86 77     
  Gull wing 43 3     9 3 5 5 2 6 7 6     
  Other 167 12     25 10 2 2 6 18 19 17     
1-250 m Wide area 801 82 532 78 108 85 74 90 68 82 235 79 29 83 
  Gull wing 89 9 55 8 8 6 4 5 9 11 14 5 2 6 
  Other 92 9 93 14 11 9 4 5 6 7 50 17 4 11 
251-500 m Wide area 149 81 23 96 86 84 28 90 18 95 77 68 13 100 
  Gull wing 17 9 0 0 5 5 2 6 1 5 6 5 0 0 
  Other 17 9 1 4 11 11 1 3 0 0 31 27 0 0 
>500 m Wide area 61 80 9 82 26 81 40 89 16 94 103 81 7 78 
  Gull wing 3 4 0 0 4 13 1 2 1 6 2 2 1 11 
  Other 12 16 2 18 2 6 4 9 0 0 22 17 1 11 

 

Platform surface 
As distance from a source increases higher proportions of flat platforms were recorded 

for BIF, chalcedony, chert and mudstone (Figures 7.21 - 7.22, Table 7.17). Flat 

platforms occur following removal of some cortex and core rotations and the greater 

proportions of this platform type with distance suggests increased reduction intensity. 

This trend is most marked in the chert assemblages. Furthermore, while flaked 

platforms are present in small numbers in most assemblages, they are found in 

relatively high proportions in the chert assemblages.  

Flaked platforms were only produced in the experimental chert assemblage in the later 

stages of reduction (although it is noted that flaked platforms can indicate core rotation, 

which depends on core size and shape). The frequency of chert complete flakes with 

flaked platforms indicates high reduction intensity regardless of distance from source. 

In contrast, flaked platform surfaces are rare for other BIF spectrum materials and 

decrease in frequency with distance in the mudstone assemblage. This decrease may 

describe core rotation and removal of previous platforms and flake surfaces late in the 

reduction sequence to create new flat platforms and eliminate negative features such 

as step and hinge terminations removed. In contrast, while the two silcrete 

assemblages suggest an increase in the proportion of flaked platforms with distance 

from a potential source, this is matched by an increase in cortical platforms. These 

results may describe the introduction of new silcrete cores with high proportions of 

cortex in to the assemblage while platforms on existing cores are prepared and 

maintained or cores rotated. 
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Dolerite platforms are typically flat regardless of distance to a source, indicating some 

platform preparation and cortex removal prior to movement from a source. The 

consistency in dolerite platform surface values regardless of distance from a source 

suggests that reduction intensity changed little and cores were discarded rather than 

rotated enough to produce flaked platforms. Quartz assemblages contain a wider 

variety of platform types, reflecting a similar trend in the knapped assemblage at all 

points in reduction. This variety most likely describes the tendency for quartz to shatter 

producing a range of platform types. Other platforms including focalised, crushed and 

collapsed platforms become less common after 500 m and may indicate a preference 

at this distance for higher quality quartz with greater predictability.  

 
Figure 7.21. Complete flakes platform surface type at increasing distance from a potential source for BIF, 

chalcedony, chert and mudstone. 
 

 
Figure 7.22. Complete flakes platform surface type at increasing distance from a potential source for dolerite, 

quartz and silcrete. 
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Table 7.17. Complete flakes platform surface types at increasing distance from a potential source for each Weld 
Range raw material type. 

Distance to nearest 
potential source 
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n % n % n % n % n % n % n % 
Quarried 
outcrop 

Cortical 726 52 5 19 32 40 7 25 10 43 47 24 0 0 
Flat 471 34 14 52 30 37 19 68 11 48 86 43 2 67 

  Flaked 25 2 2 7 7 9 0 0 1 4 21 11 0 0 
  Other 179 13 6 22 12 15 2 7 1 4 46 23 1 33 
Surrounds Cortical 726 51     89 34 56 56 10 29 20 18     
  Flat 477 34     128 49 42 42 15 44 64 57     
  Flaked 40 3     20 8 0 0 3 9 9 8     
  Other 167 12     25 10 2 2 6 18 19 17     
1-250 m Cortical 318 36 211 36 26 22 22 28 29 38 85 34 7 23 
  Flat 532 60 346 59 84 72 55 71 43 56 149 60 23 74 
  Flaked 40 4 30 5 6 5 1 1 5 6 15 6 1 3 
  Other 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
251-500 m Cortical 46 25 9 38 24 24 12 39 4 21 25 22 8 62 
  Flat 113 62 13 54 57 56 18 58 14 74 54 47 3 23 
  Flaked 7 4 1 4 10 10 0 0 1 5 4 4 2 15 
  Other 17 9 1 4 11 11 1 3 0 0 31 27 0 0 
>500 m Cortical 19 25 5 45 3 9 10 22 4 24 35 28 0 0 
  Flat 42 55 4 36 24 75 31 69 13 76 69 54 8 89 
  Flaked 3 4 0 0 3 9 0 0 0 0 1 1 0 0 
  Other 12 16 2 18 2 6 4 9 0 0 22 17 1 11 

 

Dorsal cortex 
Flakes with 100% dorsal cortex are rare in all raw material assemblages (Figures 7.23 - 

7.24, Table 7.18). Proportions of dorsal cortex decline with distance in BIF, chert, 

dolerite and silcrete assemblages indicating increased reduction intensity. Complete 

flakes of chalcedony and quartz with more that 50% cortex increase in frequency with 

distance suggesting that reduction intensity stayed the same or cortical cobbles from 

gravel patches and creek beds were introduced. Mudstone flakes present a more 

varied pattern. Unlike the experimental assemblage, complete mudstone flakes with 1-

50% dorsal cortex increase in frequency until 500 m from the nearest source 

(mudstone or secondary quarry). This may reflect the introduction of cortical mudstone 

cobbles into the assemblage. After 500 m mudstone flakes with no dorsal cortex 

dominate the assemblage possibly marking the point at which new material stops being 

introduced or becomes increasingly reduced.   
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Figure 7.23. Complete flake dorsal cortex at increasing distance from a potential source for BIF, chalcedony, 

chert and mudstone. 

 

 

 
Figure 7.24. Complete flake dorsal cortex at increasing distance from a potential source for dolerite, quartz and 

silcrete. 
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Table 7.18. Complete flake dorsal cortex at increasing distance from a potential source for each Weld Range 
raw material type. 

Distance to nearest 
potential source 
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n % n % n % n % n % n % n % 
Quarried 
outcrop 

100% 149 11 5 18 7 9 6 21 0 0 14 7 1 33 
51-99% 340 24 8 29 25 31 10 36 2 9 36 18 2 67 

  1-50% 642 46 8 29 36 44 11 39 7 30 61 31 0 0 
  Absent 270 19 7 25 13 16 1 4 14 61 87 44 0 0 
Surrounds 100% 131 9     20 8 20 20 4 12 12 11     
  51-99% 329 23     38 15 31 31 5 15 14 13     
  1-50% 655 46     133 51 40 40 11 32 35 31     
  Absent 295 21     71 27 9 9 14 41 51 46     
1-250 m 100% 65 7 81 12 13 10 11 13 8 10 33 11 4 12 
  51-99% 120 12 129 19 18 14 13 16 15 18 48 16 8 24 
  1-50% 365 37 331 49 57 45 33 40 48 58 128 43 13 38 
  Absent 432 44 139 20 39 31 25 30 12 14 90 30 9 26 
251-500 m 100% 14 8 3 13 5 5 3 10 2 11 3 3 1 8 
  51-99% 27 15 5 21 17 17 5 16 3 16 21 18 0 0 
  1-50% 92 50 11 46 48 47 13 42 10 53 52 46 8 62 
  Absent 50 27 5 21 32 31 10 32 4 21 38 33 4 31 
>500 m 100% 3 4 0 0 3 9 5 11 0 0 16 13 0 0 
  51-99% 12 16 4 36 3 9 7 16 1 6 21 17 0 0 
  1-50% 41 54 5 45 14 44 20 44 6 35 58 46 7 78 
  Absent 20 26 2 18 12 38 13 29 10 59 32 25 2 22 

 

Dorsal scars 
The proportion of BIF and silcrete complete flakes with more than 3 dorsal scars rise as 

distance from a source increase suggesting greater reduction intensity (Figures 7.25 - 

7.26, Table 7.19). While this trend is also evident for chert, the proportion of complete 

flakes with 1-2 and 0 rises after 500 m possibly indicating core rotation and use of 

cortical surfaces. In contrast, mudstone exhibits increasing proportions of flakes with 1-

2 dorsal scars until 500 m after which flakes with 3-4 dorsal scars become more 

common. As with previous attributes this is suggestive of the introduction of new 

material little reduced since selection at the quarry until a distance of 500 m from a 

source. Chalcedony, dolerite and quartz are more variable. Flakes with 1-2 flakes 

nonetheless dominate all assemblages of these materials indicating little change in 

reduction intensity with greater distance from a source.  
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Figure 7.25. Complete flake dorsal scars at increasing distance from a potential source for BIF, chalcedony, 

chert and mudstone. 
 

 
Figure 7.26. Complete flake dorsal scars at increasing distance from a potential source for dolerite, quartz and 

silcrete. 
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Table 7.19. Complete flake dorsal scars at increasing distance from a source for each Weld Range raw material 
type. 

Distance to nearest 
potential source 

B
IF

 

C
ha

lc
ed

on
y 

C
he

rt
 

D
ol

er
ite

 

M
ud

st
on

e 

Q
ua

rt
z 

Si
lc

re
te

 

n % n % n % n % n % n % n % 
Quarried 
outcrop 0 149 11 5 18 7 9 6 21 0 0 14 7 1 33 

  1-2 769 55 15 54 40 49 15 54 6 26 86 43 2 67 
  3-4 418 30 6 21 22 27 6 21 9 39 80 40 0 0 
  5+ 65 5 2 7 12 15 1 4 8 35 20 10 0 0 
Surrounds 0 133 9     20 8 20 20 4 12 12 11     
  1-2 746 53     110 42 60 60 9 26 49 44     
  3-4 434 31     102 39 18 18 14 41 46 41     
  5+ 97 7     30 11 2 2 7 21 5 4     
1-250 m 0 65 7 81 12 13 10 11 13 8 10 33 11 4 11 
  1-2 376 38 281 41 55 43 32 39 32 39 168 56 15 43 
  3-4 416 42 224 33 48 38 29 35 30 36 80 27 13 37 
  5+ 125 13 94 14 11 9 10 12 13 16 18 6 3 9 
251-500 m 0 14 8 3 13 5 5 3 10 2 11 3 3 1 8 
  1-2 84 46 10 42 40 39 21 68 9 47 56 49 4 31 
  3-4 59 32 9 38 46 45 4 13 6 32 44 39 5 38 
  5+ 26 14 2 8 11 11 3 10 2 11 11 10 3 23 
>500 m 0 3 4 0 0 3 9 5 11 0 0 16 13 0 0 
  1-2 32 42 9 82 15 47 24 53 6 35 73 57 2 22 
  3-4 34 45 2 18 13 41 9 20 9 53 37 29 4 44 
  5+ 7 9 0 0 1 3 7 16 2 12 1 1 3 33 

 

Overhang removal 
Overhang removal provides evidence for control over the knapping process and is rare 

in the Weld Range data set (Figures 7.27 - 7.28, Table 7.20). However, it increases in 

frequency with distance from a source for all raw materials indicating greater platform 

preparation. This is particularly evident in the chert and dolerite assemblages. In the 

experimental assemblages for these materials, overhang removal was present only in 

the later stages of reduction or is absent. The higher proportions of overhang removal 

recorded on chert and dolerite complete flakes suggest greater reduction intensity and/ 

or platform preparation for these materials as distance from a potential source 

increases.  
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Figure 7.27. Proportions of overhang removal on complete flakes at increasing distance from a potential source 

for BIF, chalcedony, chert and mudstone. 

 
Figure 7.28.  Proportions of overhang removal on complete flakes at increasing distance from a potential 

source for dolerite, quartz and silcrete. 
 

Table 7.20. Complete flake overhang removal at increasing distance from a potential source for each Weld 
Range raw material type. 

Distance to nearest 
potential source 
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n % n % n % n % n % n % n % 
Quarried 
outcrop 

Present 57 4 1 4 1 1 1 4 2 9 1 1 0 0 
Absent 1344 96 27 96 80 99 27 96 21 91 199 100 3 100 

Surrounds Present 63 4     9 3 0 0 3 9 0 0     
  Absent 1347 96     253 97 100 100 31 91 112 100     
1-250 m Present 103 10 45 7 17 13 6 7 7 8 5 2 4 11 
  Absent 879 90 635 93 110 87 76 93 76 92 294 98 31 89 
251-500 m Present 28 15 2 8 8 8 0 0 4 21 0 0 2 15 
  Absent 155 85 22 92 94 92 31 100 15 79 114 100 11 85 
>500 m Present 10 13 3 27 7 22 6 13 1 6 4 3 2 22 
  Absent 66 87 8 73 25 78 39 87 16 94 123 97 7 78 
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Termination 
Complete flakes with feather terminations are present in all assemblages except 

mudstone after 500 m (Figures 7.29 - 7.30, Table 7.21). BIF, chert and quartz display 

little change in the proportion of feather terminations as distance from a source 

increases. While these values are lower for BIF and chert than in the experimental 

assemblage, indicating little standardisation in these assemblages, the archaeological 

assemblage of quartz has a higher proportion of feather terminations. However, as with 

gull wing platforms, this may reflect the difficulty of distinguishing flaked quartz from 

heat fracture fragments in the field. Quartz flakes in the archaeological assemblage 

with feather terminations would be more easily recognisable and this may have biased 

recording and it may be that this, rather than standardisation, created the pattern 

described by these results.  

In contrast to the experimental data, mudstone flakes in the archaeological assemblage 

typically have non-feather terminations. This contradicts the increasing standardisation 

suggested by the metric records. It may be that the production of more elongated 

flakes also resulted in less favourable terminations. Chalcedony and dolerite complete 

flakes have smaller proportions of feather terminations as distance from a source 

increases, a trend also described in the experimental assemblages and indicating 

minimal standardisation. Feather terminations increase in frequency in the silcrete 

assemblage with distance from a potential source. 

 

 
Figure 7.29. Complete flake terminations at increasing distance from a potential source for BIF, chalcedony, 

chert and mudstone. 
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Figure 7.30. Complete flake terminations at increasing distance from a potential source for dolerite, quartz and 

silcrete. 
 

Table 7.21. Complete flake terminations at increasing distance from a potential source for each Weld Range raw 
material type (*Record unavailable for 653 complete flakes). 
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n % n % n % n % n % n % n % 
Quarried 
outcrop 

Feather 652 47 15 54 32 40 21 75 12 52 109 55 1 33 
Other 749 53 13 46 49 60 7 25 11 48 91 46 2 67 

Surrounds Feather 638 45     99 38 71 71 13 38 56 50     
  Other 772 55     163 62 29 29 21 62 56 50     
1-250 m* Feather 477 58 281 43 56 60 13 52 28 42 109 48 11 46 
  Other 349 42 380 57 38 40 12 48 38 58 120 52 13 54 
251-500 m* Feather 53 53 5 83 42 49 4 67 2 100 48 51 8 62 
  Other 47 47 1 17 44 51 2 33 0 0 47 49 5 38 
>500 m* Feather 28 56 3 43 11 41 6 67    56 52 2 50 
  Other 22 44 4 57 16 59 3 33    52 48 2 50 

 

Retouch and formal tools 
Retouch acts to modify an edge either to alter the shape of a tool or to resharpen it. It is 

an act of curation that increases the use-life of a tool. The rarity of retouch (2.24%, 

n=679) and formal tools (n=48) such as adzes and adze slugs, blades and notched 

pieces in the Weld Range data set most likely reflects the availability of tool-stone in 

the local area and a preference for sharp, unmodified edges. However, comparison of 

the number of unretouched to retouched flakes at increasing distance from a source 

highlights some differences between raw material types.  

In the Quarried Outcrop BIF assemblage only one retouched flake is recorded for every 

82.41 unretouched flakes (Figures 7.31-7.33, Table 7.22). This ratio decreases until 

250 m from a potential source, marking a relative increase in the frequency of 
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retouched flakes, after which there is a large increase in the number of unmodified 

flakes. The frequency of retouched flakes increases again after 500 m. Formal tools 

manufactured from BIF, including adzes and adze slugs, blades and notched pieces 

occur in all distance interval assemblages (Table 7.23). A similar pattern is described 

for dolerite. As distance to a source increases, the ratio of dolerite unretouched to 

retouched flakes increases from 1-250 m to 251-500 m before decreasing again after 

500 m. Formal tools manufactured from dolerite are rare with only three dolerite blades 

recorded, one of which was manufactured from a fine-grained dolerite. There is little 

change in the two chalcedony assemblages at 1-250 m and 251-500 m and a 

denticulate piece and two notched pieces manufactured from chalcedony are located 

1-250 m from a source.  

In contrast, chert, ironstone, mudstone, quartzite and siliceous sediment exhibit higher 

proportions of retouched flakes compared with BIF and dolerite, although there is little 

change with distance from a source. For instance, the ratio of chert unretouched to 

retouched flakes decline (indicating higher proportions of retouch) till 500 m from a 

potential source. Like BIF, chert is used to manufacture adzes and adze slugs, blades 

and denticulated pieces. A mudstone and a quartzite notched flake are also recorded.  

The ratio of quartz unretouched to retouched complete flakes decreases in the 

Surrounds assemblage then increases slowly as distance from a source increases. 

Quartz retouched complete flakes occur in the lowest frequency of any material after 

500 m but three of the seven formal tools in this distance interval are manufactured 

from quartz. In addition, three backed pieces and two notched pieces manufactured 

from quartz were recorded between 1-250 m. It should be noted that crystal quartz is 

known to outcrop in the Weld Range and these formal tools may reflect use of fine-

grained sources that might be more predictable during manufacture. 

Only one value is available for silcrete and it is very high suggesting that silcrete was 

rarely retouched. However, the sample size of silcrete artefacts is small. Silcrete is 

however, over-represented in the formal tool category with two backed pieces recorded 

between 1-250 m and one backed piece recorded between 251-500 m. 
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Figure 7.31. Ratio of unretouched to retouched MNF (Minimum Number of Flakes) at increasing distance from a 

potential source for BIF, chalcedony, ironstone and jasperlite. 
 

 
Figure 7.32. Ratio of unretouched to retouched MNF (Minimum Number of Flakes) at increasing distance from a 

potential source for chert, mudstone, quartzite and siliceous sediment. 
 

 
Figure 7.33. Ratio of unretouched to retouched MNF (Minimum Number of Flakes) at increasing distance from a 

potential source for dolerite, quartz and silcrete. 
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Table 7.22. Ratio of unretouched to retouched MNF (Minimum Number of Flakes) at increasing distance from a 
potential source for each Weld Range raw material type. 
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Quarry 
assemblage 

MNF 1697 39 103.5 36.5     28.5 281 13.5   41.5 
Retouched 
MNF 21.5 1 4 0     1 5 0   0 

Unretouched: 
retouched 78.93 NA 25.88 NA     NA 56.20 NA   NA 

Surrounds MNF 1728   352 117.5     42 181.5 5     

  Retouched 
MNF 28.5   14.5 0     2 4.5 0     

  Unretouched: 
retouched 60.63   24.28 NA     21.00 40.33 NA     

1-250 m MNF 2209 1470 600.5 346 170.5 116 172.5 1873 118 202.5 50 

  Retouched 
MNF 71 73 26.5 14 8 7 12 39.5 4 5 0 

  Unretouched: 
retouched 31.11 20.14 22.66 24.71 21.31 16.57 14.38 47.42 29.50 40.50 NA 

251-500 m MNF 311 74.5 154.5 111 28.5 10.5 28 437.5 14.5 64.5 10 

  Retouched 
MNF 2.5 3.5 10.5 2 3 1 0 8 4 1 2 

  Unretouched: 
retouched 124.40 21.29 14.71 55.50 9.50 NA NA 54.69 3.63 NA 5.0 

>500 m MNF 120.5 24 90.5 127 8 3 31 486.5 22.5 45 7.5 

  Retouched 
MNF 4 1 4 4 0 2 0 7 1 1 0 

  Unretouched: 
retouched 30.13 NA 22.63 31.75 NA NA NA 69.50 NA NA NA 

 

Table 7.23. Formal tools at increasing distance from a source for each Weld Range raw material type. 

Formal tool type Quarried  
Outcrop Surrounds 1-250 m 251-500 m >500 m 

Adze/ slug 1x BIF 1x Chert 
1x BIF, 

2x Chalcedony 
2x Chert 

1x BIF, 
3x Chert 

Blade 
 

2x BIF 

1x Ironstone, 
1x Jasperlite, 
3x Dolerite, 
3x Chert, 

2x BIF 

1x BIF 1x Quartz 

Backed blade/ piece 
  

2x Chert, 
2x Silcrete, 
3x Quartz 

2x Chert, 
1x Silcrete 

2x Quartz 

Denticulate piece 1x BIF 
 

1x Chalcedony 1x Chert 
 

Notched piece 
  

2x Chalcedony, 
2x Quartz, 

1x Mudstone, 
1x BIF 

1x BIF, 
1x Quartzite 
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Summary of the technological analysis 
Analysis of the BIF assemblage indicates that flake discard intensity decreased with 

distance from a source (BIF or secondary quarry) while multi platform cores became 

more common and core size, complete scar length and flake length decreased. Flat 

core and flake platforms become more common and core platforms have more points 

of initiation. Cores and flakes with more than 50% cortex become rare while flakes with 

more than three dorsal scars become frequent. Furthermore, there is minimal evidence 

for standardisation with distance from a source. While average elongation for complete 

scars on BIF cores as well as BIF complete flakes increases with distance, the 

standard deviation also increases suggesting greater variation. Evidence for platform 

preparation diminishes with distance from a source. Retouch is also rare among BIF 

assemblages indicating little need for resharpening or reshaping of BIF tools. It seems 

that as the distance to a source became greater, flake production decreased and the 

remaining cores were increasingly reduced to make the most of this diminishing 

resource. It is unclear why there is such a dramatic drop in the proportion of retouched 

BIF flakes between 251-500 m and it does not correspond with a commensurate drop 

in recorded artefacts manufactured from BIF. Yet, there is no evidence for 

corresponding decrease in reduction intensity for other flake and core attributes. 

Perhaps instead, this decrease in retouch reflects a point in the landscape where 

increasing intensity in tool manufacture and access to other raw material sources such 

as quartz on the open flats to the north may have met needs such that resharpening 

and/ or reshaping were of little value. It may be that after 500 m supply of all raw 

materials, including BIF, became increasingly restricted and the use of retouch in the 

BIF assemblage becomes more frequent.  

As in the spatial analysis, technological attributes in the chalcedony assemblage 

shared more in common with BIF and other coarse-grained BIF spectrum materials 

than with fine-grained BIF spectrum materials. Flake discard decreased while reduction 

intensity gradually increased. Chalcedony complete flakes become smaller but with a 

higher degree of variability in average length over progressive distance intervals than 

recorded for BIF. Other reduction indices have non-linear relationships with distance 

from a source. For instance, while the proportion of flakes with 100% cortex diminishes 

with distance from a chalcedony source, cortical platforms become more common. Like 

BIF, retouched chalcedony flakes increase proportionally only after 500 m, perhaps 

when supply became increasingly restricted.  

Sufficiently large assemblages of ironstone and jasperlite are only available for three 

indices of reduction: flake to core ratio, single to multi platform core ratio and 

unretouched to retouched complete flake ratio. Flake to core ratios of ironstone are 
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similar to those of chalcedony, indicating a small reduction in flake discard with 

distance from a source.  In contrast, the two values available for jasperlite show an 

increase in flake discard. Jasperlite has a higher silica content than ironstone and may 

have better flaking properties causing it to be more intensively flaked. Single to multi 

platform core ratios for both materials are somewhat higher than the BIF assemblage 

indicating greater use of single platform cores in the 1-250 m distance interval. The 

retouched to unretouched complete flake ratio where available for these materials was 

similar to BIF but for ironstone retouch becomes more common in the 251-500 m 

assemblage.  

Analysis of fine-grained BIF spectrum materials (chert, mudstone, quartzite and 

siliceous sediment) provides some evidence for differences in reduction intensity and 

standardisation. Flake to core ratios for each of these materials exhibit an increase in 

flake discard after 500 m. Of these materials the chert assemblage has the greatest 

sample size, facilitating investigation of flake and core attributes as well as retouch. 

Chert core attributes indicate that reduction intensity increased between 1-500 m from 

a source. Single and multi platform cores along with complete scar length diminish in 

size, flat complete flake platforms increase in frequency, the proportion of dorsal cortex 

decreases and flakes with more than three dorsal scars are more common with 

subsequent distance to potential source intervals. Retouched chert complete flakes 

and formal tools are found in relatively high frequencies, if very small numbers, in all 

distance intervals increasing slightly in frequency with distance from a source. 

However, contradicting these trends, single platform cores become more common, 

higher proportions of core cortex are recorded, the number of cortical platforms 

increases and most core platforms exhibit only one to two flake initiations progressively 

across distance to source intervals. These results indicate reduction of single platform 

cores until 500 m with the continued removal of mass from a cortical platform across a 

single core face with retention of core cortex and the progressive removal of flakes 

from the same flaking face clearing off previous flake initiation.  

After 500 m these trends in chert flaked stone artefact reduction change. The 

proportion of flakes to cores increases, multi platform cores become more common, 

flake elongation diminishes, flaked platforms increase in frequency, cortex diminishes 

and cores typically have three or more remnant negative points of initiation. Platform 

preparation also continues to increase after 500 m with higher proportions of gull wing 

platforms and overhang removal. This may reflect a change to more intensive reduction 

with cores used for longer before discard (increasing flake to core ratio values) and 

core rotation and platform maintenance employed to extend core use-life. However, 

this does not account for the increasing size of single and multi platform cores as well 
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as complete negative flake scars and complete flakes in the chert assemblage further 

than 500 m from a source. There is also a slight increase in the number of flakes with 

100% dorsal cortex and reduction in the number of flakes with more than four dorsal 

scars. It is possible that chert cores, selected at a quarry for use elsewhere in the 

landscape because of the higher predictability of fine-grained BIF spectrum materials, 

begin to be used at this point. These cores, not used since selection, would be larger 

and the flakes produced longer but with slightly higher cortex values and fewer dorsal 

scars because of limited use until that point.  

Mudstone flake to core ratios are consistently high relative to other materials and show 

an increase in flake discard after 500 m. Yet, other reduction indices suggest 

diminished reduction intensity with distance from a potential quarry. While only one 

value is available, single platform cores are more common in the 1-250 m mudstone 

assemblage than for any other material. Complete flakes become larger, if less varied 

with distance from a source, until 500 m and mudstone flakes are consistently larger 

than other BIF spectrum materials, second only to dolerite, with low elongation values.  

While flat platforms become more common with distance, flaked platforms are rare. 

Given the frequency with which flaked platforms were produced during experimental 

knapping, this probably reflects management of mudstone rather than flaking 

properties. Cortex and flakes with one to two dorsal scars are relatively common until 

500 m and there is little standardisation or platform preparation. Retouch, while more 

common than in other materials, is only present up to 250 m from a source in the 

mudstone assemblages. One explanation for these unusual results is that the high 

quality of mudstone reduces the need for testing and/ or preparation of cores at the 

quarry. Instead, cortical cobbles of this material may be moved away from the quarry 

for use elsewhere. Even as flake production increased, this would ensure that flake 

size remained high, platforms continued to be flat and cortical, platform preparation 

minimal and cortex values high. After 500 m this trend towards low reduction intensity 

changes with flakes becoming smaller, less varied and more elongate and there is an 

increase in dorsal flake scars and a decrease in dorsal cortex. Here we see clearly the 

management of diminishing supply through increased reduction intensity. 

While the sample sizes of artefacts of quartzite and siliceous sediment are small, 

attributes closely mirror other fine-grained BIF spectrum materials. Like chert and 

mudstone, flake to core ratio values decline with distance from a source and there is an 

increase in flake discard after 500 m.  Like chert, the proportion of single platform cores 

increases for quartzite until 500 m then diminishes. Both quartzite and siliceous 

sediment have relatively low unretouched to retouched complete flake ratios that 

decrease with distance from a quarry. These results suggest increasing flake 
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production after 500 m and increasing reduction intensity throughout, with a possible 

increase in core rotation for quartzite at 500 m. 

Quartz core and flake attributes exhibit little change in reduction intensity with distance 

from a source and are variable. Evidence for standardisation is minimal. Quartz cores, 

complete negative flake scars and complete flakes are typically smaller than other raw 

material types and remain similar in size regardless of distance from a source. It seems 

most likely that this relates to the nature of quartz outcrops in the Weld Range, being 

comprised of rounded boulders and small cobbles compared with the larger tabular 

pieces or low angular ridges of BIF. These small, rounded quartz pieces would serve to 

constrain core and flake size as well as limit potential for greater reduction intensity. It 

should be noted that that within the extremely small and spatially disparate formal tool 

assemblage backed artefacts manufactured from quartz become are more common as 

distance from a source increases.  While these results are intriguing and may indicate 

a preference for quartz when producing backed pieces, the sample size is much too 

small for assessment at this time. 

The dolerite assemblage has much in common with the coarse-grained BIF material 

assemblages despite the variation in the flake to core ratio between distance intervals. 

Reduction intensity increases with distance from a source, but only gradually. Like BIF, 

retouched dolerite flakes, while rare, become somewhat more common until 250 m. 

There is then a reduction in retouched complete flakes between 251-500 m before an 

increase again after 500 m. These results suggest that as distance from a source 

increases fewer flakes of dolerite are manufactured from increasingly reduced cores. 

The difference in retouch frequency at 500 m may indicate a move towards increased 

resharpening  

The number of silcrete flakes in the Weld Range consultancy data set is very small and 

no detailed quarry data are available. That said, some trends emerge from available 

records. Silcrete flake to core ratios are among the lowest recorded but vary little with 

distance from a source. The proportion of single platform cores increases. Silcrete 

complete flakes become smaller and less elongate with little variation, platform 

preparation increases somewhat with higher proportions of overhang removal and gull 

wing platforms and dorsal cortex declines while flakes with three or more dorsal 

negative flake scars become more common. It seems that as distance to a silcrete 

source becomes greater, reduction intensity increases while flake production 

diminishes. As with fine-grained BIF spectrum materials, silcrete single platform cores 

were favoured.  Retouch is rarely employed to resharpen/ reshape silcrete flakes yet, 

like quartz, it is over-represented in the backed piece category. With only three backed 

silcrete pieces recorded to date, the sample size is too small to reach conclusions. 
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CHAPTER SUMMARY 
The spatial analysis results describe preferential movement and, by implication, 

preferential selection of fine-grained BIF spectrum materials (chert, mudstone, quartzite 

and siliceous sediment). These materials are moved further and more frequently than 

course-grained BIF spectrum materials like BIF, ironstone and jasperlite. Chalcedony 

is, on average, moved the smallest distances. While dolerite and quartz are also 

moved some distance through the landscape it seems probable that local availability, 

particularly in creek beds and gravel patches, may account for this rather than 

preferential selection. Silcrete also appears to have been moved further and more 

frequently than other materials.  

Technological analysis of the Weld Range data set corresponds well with the results of 

the spatial analysis. The fine and coarse-grained BIF spectrum groupings identified in 

the spatial analysis are also evident in the technological analysis with differences 

identified in reduction intensity and standardisation as distance from a source 

increased. There is also some evidence for the movement of little reduced cores from 

chert and mudstone quarries for use elsewhere in the landscape. The influence of 

availability and cobble size and shape are evident in the chalcedony, dolerite and 

quartz assemblages, most likely constraining the potential for and preservation of 

attributes associated with reduction intensity. Additionally, there are patterns in 

attributes consistent with greater conservation of raw material through increased 

reduction in assemblages located more than 500 m from a potential source. For 

instance, there is an increase in BIF, chalcedony and dolerite retouched complete 

flakes at this point and multi platform cores increase in relative frequency in the chert 

and mudstone assemblages.  

These analyses have demonstrated preferential movement and differences in core 

reduction and flake retouch for Weld Range raw materials. In the following chapter 

these results will be compared to the interpretive framework developed in Chapter 2 to 

determine what management strategies were employed in the Weld Range to ensure 

supply of tool-stone. The motivations for using these strategies will be discussed and 

avenues of future research highlighted.  



 

172 

CHAPTER 8. DISCUSSION AND CONCLUSIONS 
This study sought to determine whether ancestral Wajarri people perceived Weld 

Range tool-stone as a single resource, or as outcrops of different value. One means of 

investigating value in the archaeological record is by identifying the existence of 

preferential selection, manufacture, use and discard in assemblages of material 

culture. To select one item over another indicates a preference, most likely predicated 

on a range of values (e.g. Domanski et al. 1994; Gould et al. 1971; Hayden 1977; 

Jones and White 1988; McBryde 1987; Torrence 1989b). For example, is the object 

functionally superior, is it more accessible, does it fulfil a social obligation or perhaps it 

signals political power? These intangible layers of value that may once have been (or 

still are) attached to sources of rock and the objects obtained from them, as well as the 

different value it may have had over time, can be investigated by documenting 

preferential movement and production. For highly mobile hunter-gatherer societies, like 

those occupying the arid zone of Australia, transport costs were high (Cane 1989:113; 

Gould 1980:126). Preferential movement is suggestive of value. Yet, value may also be 

documented by technological choice: favouring one technique over another and/ or 

producing a specific style or type of object (Sillar and Tite 2000).  

Using spatial and technological analysis (Chapter 5) of existing archaeological 

information collected during consultancy projects in the Weld Range (Chapter 4), and 

with reference to the experimental knapping program (Chapter 6), the use of different 

management strategies was investigated (Chapter 7). In this chapter, the results of the 

spatial and technological analyses are compared with the predicted archaeological 

assemblage features of each of the four broad strategies for managing tool-stone 

resources identified in the interpretive framework outlined in Chapter 2 (expedient use, 

waste minimisation, tool conservation and trade production). The use of these 

strategies elucidates some of the motivations for tool-stone selection in the Weld 

Range at times in the past.  

EXPEDIENT USE 
When tool-stone sources are abundant, as they are in the Weld Range, there may be 

little impetus to conserve raw material resources. As Nelson (1991:64) states, 

“expediency anticipates the presence of sufficient materials and time”. Where raw 

material is easily accessible, expedient use may be recognised by the selection of tool-

stone from the nearest source to produce a freshly fractured edge (Hayden 1977:179). 

With cobbles of suitable material close to hand, conservation is unnecessary. 

Expedient use, as defined here, differs from ‘opportunistic’ behaviour (Nelson 1991:62) 

in being systematic and therefore, a deliberate strategy. It is not a one off incident but a 
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trend described by many transport events and the reduction of numerous cores in a 

similar way. In archaeological assemblages, at increasing distance from a source, this 

expedient use management strategy results in decreasing artefact frequency (Hiscock 

1987). Like the use of locally abundant clast silcrete at Stud Creek western NSW 

(Doelman 2008; Holdaway et al. 2004), expedient use will also be marked by little 

change in reduction intensity, negligible standardisation in flake manufacture, core 

preparation will be minimal and retouch will be rare.  

There is a dominant archaeological signature of expediency in raw material selection 

and tool manufacture for all raw material types in the Weld Range. The cautious nature 

of the spatial analysis preformed here, which takes into account surveyed area and 

potential secondary sources, ensures that the maximum distance of transport events is 

low. Nevertheless, the average distance between quarry sites (accounting for surveyed 

area) is 151.5 m and, when artefacts recorded within quarry site boundaries are 

included, most flaked stone artefacts (n=24,951, 82.2%) are found within this distance 

of a source. Core preparation, standardisation in flake manufacture and retouch, while 

differing in proportions between raw material types, are all rare. For instance, flaked 

platforms never comprise more than 11% of complete flake assemblages, flake 

dimensions exhibit high standard deviation values and the proportion of retouched 

flakes in any distance interval with more than 50 artefacts is never more than 7%. 

However, these results mask clear differences in the movement, manufacture, use and 

discard of Weld Range tool-stone types. While a variety of management strategies are 

used for other materials, as coarse-grained BIF spectrum materials, dolerite and quartz 

continue to display evidence for expedient use. 

Coarse-grained BIF materials are moved less frequently than any other tool-stone 

types and diminish rapidly as a proportion of the assemblage at increasing distance 

from a source. While core reduction intensity and standardisation increases 

immediately outside quarry site boundaries, it then stabilises and remains static with 

distance. Retouch becomes somewhat more common after 500 m but is nonetheless 

very rare throughout.  

In contrast, reduction indices and measures of standardisation vary between dolerite 

and quartz distance interval assemblages rather than displaying linear trends, like the 

coarse-grained BIF assemblage. However, within all of this variation, there is little 

change in reduction intensity outside the quarry assemblage indicating expedient use 

of dolerite and quartz. Despite this, these materials are among the most frequently 

moved. The most parsimonious explanation for this is the use of tool-stone sources 

such as gravel patches and creek beds that are not systematically described in the 

Weld Range data set. Field observations regularly describe these sources as 
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comprised of dolerite and quartz cobbles, along with BIF and chalcedony (Eureka 

2011a:310, 312). Dolerite and quartz sourced from creek beds and gravel patches 

would probably be used in a similarly expedient manner to cobbles sourced from a 

quarry and used nearby. This would explain the generally low reduction intensity and 

minimal evidence for standardisation as well as the variation noted between interval 

assemblages. Analysis of the chalcedony assemblage produced similar results. 

Chalcedony artefacts were moved on average the smallest distance of any Weld 

Range raw material and display only a small change in reduction intensity and standard 

deviation values were low. These results are unexpected given the predictability this 

material exhibited during the experimental knapping program. While it is possible that 

an unrepresentative cobble was selected for knapping, these findings may also 

describe use of cobbles from creek beds and gravel patches near to chalcedony 

quarries. These smaller cobbles would make production of large flakes difficult, while 

limiting core rotation and reducing the potential use-life of a core, ensuring discard 

closer to a source. 

When motivations for the expedient use of these materials are considered, it seems 

probable that the unpredictability of coarse-grained BIFs and quartz as well as the 

extraordinary force required when producing dolerite flakes, influenced decision-

making. Expedient use manifests in somewhat different ways for these materials as a 

result of availability and source form, yet all share evidence for predominantly local use 

and limited reduction intensity or standardisation. Carrying raw material in a landscape 

as rich in tool-stone sources as the Weld Range would have been a relatively costly 

exercise. The difficulty of assessing flake manufacture predictability might present a 

minor annoyance near the source but, as distance increased, these difficulties would 

result in the rapid discard of intractable cores and the continued maintenance of the 

few that were suitable for ongoing flake production. Certainly, the spatial analysis 

demonstrates that coarse-grained BIF materials were rarely selected for movement 

elsewhere in the landscape.  

WASTE MINIMISATION 
Contrasting with the expedient use strategy, waste minimisation seeks to conserve 

available tool-stone and is a response to restriction in supply, real or perceived 

(Torrence 1989a; 2001). As with tool conservation below, waste minimisation is a 

curatorial strategy and “anticipates the need for materials and tools at use locations” 
(Nelson 1991:64). The effort expended to preserve supply suggests a preference for 

that material. Material managed by waste minimisation is recognised as that which has 

been moved further and more frequently (e.g. Clarkson 2007; Hiscock 1987; Holdaway 

et al. 2004; Kuhn 1991). What differentiates waste minimisation from tool conservation 
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is its focus on maximising tool production by extending the use-life of cores. Core 

reduction is intensified and platform preparation is employed to increase and maintain 

core productivity (Hiscock 1987; Kuhn 1991). In some instances, this also results in 

increasing standardisation in the size and shape of produced flakes (e.g. Faulkner 

2011).  

Evidence from the Weld Range data set suggests that a waste minimisation strategy 

was employed for fine-grained BIF spectrum materials. The spatial analysis indicates 

that chert, siliceous sediment, quartzite and mudstone were moved further and more 

frequently than coarse-grained BIF spectrum materials. Furthermore, the average 

distance between artefacts of these materials and a source quarry (primary or 

secondary) is greater than the average distance between quarries.  

The technological analysis indicates that two core reduction strategies were employed 

to manage supply of fine-grained BIF spectrum tool-stone. Chert and mudstone have 

relatively low core reduction indices for some distance away from a source. Based on 

the technological analysis this most likely reflects use of a single core face, a 

preference encouraged by the ease and controlled nature of force propagation in fine-

grained BIF spectrum materials. After 500 m core reduction strategies change. Cores 

are rotated more frequently, flake reduction indices suggest increasing reduction 

intensity and flake discard increases relative to core discard. It seems that, as distance 

from a source increased, intensive use of a single flaking face was no longer sufficient 

to maintain supply of these materials. A change occurred in the perception of core 

exhaustion and efforts were increasingly made to preserve flake production.  

While these results point towards the use of a waste minimisation strategy, they do not 

preclude the possibility of raw material determinism noted, for example, in Australian 

silcrete (Webb and Domanski 2008). In the experimental knapping program fine-

grained materials exhibited greater potential for reduction than other Weld Range tool-

stone types and tend to more readily produce indicators of reduction intensity such as 

flaked platforms and overhang removal. The trend for greater reduction intensity in fine-

grained BIF assemblages at increasing distance from a source could reflect the greater 

potential for reduction in these materials rather than a strategy to conserve supply. 

Certainly, Brantingham’s (2003:503) neutral model of tool-stone procurement predicts 

increased potential for consumption (e.g. reduction intensity) of high quality materials 

relative to distance from a source. However, in the Weld Range data set there is 

evidence for raw material provisioning, or the “planned expediency” defined by Nelson 

(1991:64; see also Parry and Kelly 1987), in the mudstone and chert assemblages.  
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Mudstone assemblages display a decrease in reduction intensity for some distance 

from a source suggesting that cortical mudstone cobbles were being transported 

through the landscape to ensure the supply of predictable tool-stone. If the mudstone 

cobble collected for the experimental knapping program is representative of this 

source, there would be little need for testing before selection as this material is 

relatively homogenous and force propagation highly predictable. While the evidence 

differs for chert, a similar provisioning behaviour is apparent. Unlike the mudstone 

cobble, chert cobbles for the experimental knapping program had variable flake 

manufacture predictability. Testing and core preparation at the chert source would have 

been critical to ensure the suitability of the material for future use and would explain the 

higher reduction indices for chert flakes compared with mudstone. The introduction of 

new cores, either not reduced since removal from the quarry or specifically selected at 

the quarry for their size and potential for sustained reduction, is indicated by the 

presence of larger chert cores, core negative flake scars and flakes more than 500 m 

from a source. While the distances described here are much smaller, Robins (1997:39) 

identified a similar increase in core and flake size at 8.1-9 km from known tool-stone 

sources in the Currawinya Lakes area, southwest Queensland. He interpreted this as 

the intentional movement of material into areas with no or little available tool-stone. The 

introduction of new material into assemblages at some distance from a source 

describes a deliberate intention to ensure supply of that material and adds weight to 

the identification of a waste minimisation management strategy for mudstone and chert 

materials.  

These results indicate that supply of fine-grained BIF spectrum materials was carefully 

managed using a waste minimisation strategy. This ensured continued flake production 

even as access to supply diminished. A probable motivation for this behaviour is the 

relative predictability of chert and mudstone during manufacture. Preferential transport 

and maintenance of these more predictable materials would mitigate the risk of 

encountering less predictable Weld Range tool-stone sources such as the coarse-

grained BIF, quartz or dolerite. This mirrors Torrence’s (1989a) argument that higher 

quality materials would be preferentially selected by hunter-gatherer groups to increase 

use-life potential (for archaeological examples see Andrefsky 1994; Brantingham et al. 

2000; Clarkson 2007; Kelly and Todd 1988; Parry and Kelly 1987; Shiner 2008; Shiner 

et al. 2005). In the Weld Range where the predictability of tool-stone sources was far 

from guaranteed, Wajarri people provisioned more distant locations with new, 

predictable material and minimised waste to extend supply. 
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TOOL CONSERVATION 
Like waste minimisation, a tool conservation strategy seeks to manage tool-stone 

availability through curation. This strategy focuses on tool use-life because raw 

material availability, size and quality affect core reduction and tool reduction in different 

ways (see Andrefsky 2009). For the tool conservation strategy defined here flakes are 

moved around the landscape to address anticipated need and retouch is employed to 

reshape and resharpen a tool’s edge. This strategy aims to extend tool use-life through 

production and selection of standardised flakes and continued tool maintenance.  

There is little evidence that a tool conservation management strategy was employed in 

the Weld Range data set. Fine-grained BIF spectrum materials and silcrete are moved 

further and more frequently, indicating some effort was expended to ensure continued 

supply of these tool-stone types. Retouch is more common in assemblages of fine-

grained BIF spectrum materials, with retouch four times more common in the Quarried 

outcrop chert and mudstone assemblages compared with the BIF assemblage. Chert 

(n=14) is also over-represented in the very small (0.02%, n=48) formal tool 

assemblage. There is also some evidence to suggest mudstone flakes were selected 

for transport for use elsewhere. Yet, resharpening and reshaping of tools is rare. 

Retouch is present on just 2.24% (n=679) of flaked stone artefacts in the Weld Range 

data set. By way of comparison, surface assemblages of chert, quartzite and silcrete 

recorded in the tool-stone poor Willandra Lakes area comprise 7.5% retouched flakes 

(Faulkner 2011:13). Even in the more tool-stone rich western NSW region, where 

evidence for tool conservation is rare, some 5% of approximately 130,000 flaked stone 

artefacts recorded in surface assemblages exhibit retouch (Douglass 2010:3). These 

comparisons illustrate the rarity of tool conservation as a management strategy in the 

Weld Range, even when compared with other areas of relative tool-stone abundance 

like western NSW.  

Lamb’s (2011) exploration of backed blade technologies in the Whitsunday Islands of 

the Queensland coast, while situated in a very different environmental context to the 

Weld Range, illustrates how formal technologies can be deployed to manage change 

but then be little used once conditions stabilised and the environment became familiar 

to its inhabitants. It is important to recognise that the harsh and risky environment of 

the arid zone was home to Wajarri people for thousands of years and its risks well 

known. The very limited evidence for preferential flake movement as well as the 

presence of retouched artefacts and formal tools in the Weld Range assemblage 

indicates that tool conservation, while not a common strategy, was nonetheless a 

known resource management option.  
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TRADE PRODUCTION 
Unlike the strategies described above, which focus on supply of material, trade 

production aims to produce a recognisable product that then serves economic, social 

and political needs (e.g. Gould 1980; Hiscock 2005; Jones and White 1988; McBryde 

1978, 1987). Selection, manufacture, reshaping and refining occur at or near the 

quarry, while further reduction away from the tool-stone source is rare. Discard remains 

relatively constant over large areas. For example, ground edge axe production at 

Moondarra in northwestern Queensland exhibits a standardised and staged reduction 

sequence (Hiscock 2005; Tibbert 2005). Distribution of the final product spanned 

hundreds of kilometres with only minor variation in attributes described for axes at the 

quarry.  

There is no evidence in the data that Weld Range tool-stone sources were used for 

trade production. This is not to dismiss the potential for some instances in which 

specific tool-stone was traded from or into the Weld Range, but simply to say that there 

is no evidence of systematic trade of this resource. However, trade production 

strategies were known to Wajarri people living in the Weld Range in the past. There is 

ethnohistoric evidence to suggest that this strategy was being employed for ochre 

sourced from the Wilgie Mia Aboriginal ochre mine, situated at the heart of the Weld 

Range. An early account by the geologist H. P. Woodward (1914:88) of a visit to Wilgie 

Mia indicates that the ochre was ground, refined and made into balls for transport 

through trade networks extending across hundreds of kilometres (although the source, 

Wajarri or otherwise, of this information is unclear). Like tool conservation, trade 

production was an available strategy but there is no evidence in the Weld Range data 

set that it was used to manage tool-stone resources.   

ANOMALIES 
The silcrete assemblage recorded to date in the Weld Range presents an anomaly. 

This material is moved further and more frequently than all BIF spectrum materials. In 

the absence of representative quarry data, and given small sample of flakes recorded 

in detail, technological attributes suggest relatively low flake to core discard ratios, 

somewhat higher reduction intensity and platform preparation as distance to a source 

increased. Retouch is rare but silcrete is over-represented in the very small backed 

blade assemblage. Given this material’s mediocre performance in the knapping 

experiment conducted for this project, it is suggested that these results may reflect the 

movement of people into the Weld Range from areas of tool-stone paucity. In the 

breakaways and alluvial plains to the north of the Weld Range, quartz is the common 

outcropping raw material but silcrete sources sometimes occur in the duricrust capping 
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of breakaway systems. Silcrete may have been a relatively high quality material where 

tool-stone options were more constrained, with the experimental knapping program 

indicating that it fractures with more predictability than quartz. The movement of silcrete 

may reflect the movement of Aboriginal people into the Weld Range, discarding 

increasingly reduced flakes and cores and long conserved backed silcrete flakes.  

Another factor that may have influenced the preferential movement of some silcrete 

artefacts is their white colour (Figure 8.1). Ethnographic information collected by Daisy 

Bates, who visited the Weld Range and Midwest region in the early 1900s, describes 

white materials including stone, shell, feathers and pipe clay in association with 

initiation ceremonies for Wajarri groups living near Cue and the Nganawongga to the 

north of the Wajarri (Bates n.d.-b:, 16/144, pg. 12 and 16/151, pg 18, 16/156, pg 23). It 

is possible that colour, and the symbolic meaning attached to it, may have influenced 

the distribution of white silcrete artefacts in the Weld Range. However, the small 

sample size of silcrete artefacts and limited recording of silcrete colour ensure that this 

interpretation requires extensive further survey to increase the data set, investigation of 

the ethnographic record and additional technological analysis to investigate. 

   
Figure 8.1. Selection of white silcrete flakes. 

   

The distribution of dolerite may also be anomalous. It is most likely that the distribution 

of dolerite artefacts on average further from a source than some finer-grained materials 

like chert is the result of expedient use of gravel patches and creek beds. However, 

function may also have influenced selection. The dolerite cobbles knapped in this study 

have similar properties to the basalt used in Deunert’s (1995) experimental program. 

He found that, while flakes were difficult to produce and required great force and 

speed, basalt performed well during heavy percussive tasks (Deunert 1995, pp. 31, 41-
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45). The movement of dolerite through the Weld Range landscape may illustrate a 

preference for this material when undertaking heavy percussive tasks such as grinding 

or pounding. Flakes found at some distance from a source may have originated from 

expedient use of grindstone bases as cores. Of the 49 recorded flaked grindstone 

bases found in the Weld Range data set 21 (42.8%) are dolerite. Daisy Bates provides 

an ethnographic description of the use of grindstones for flake production in the 

Midwest region,  

The native women use stones to sharpen their fighting sticks and sometimes to 

ornament them. The stones are of various shapes, oval, round, square, 

irregular and are made of feldspar, greenstone or some other hard substance. 

They are chipped and sharpened and are occasionally used by the women in 

lacerating themselves. (Bates n.d.-b, p. 31/135)  

Further experimental work, additional survey and detailed recording of grinding material 

and technological analysis of previously recorded Weld Range grinding material is 

required to investigate this possible functional preference for dolerite. 

TOOL-STONE RESOURCING IN THE WELD RANGE 
Wajarri people in the Weld Range were surrounded by an abundance of tool-stone. No 

single artefact in the data set used by this study was more than five kilometres from a 

known source. Yet their access to and use of this resource was constrained by 

variation in quality, often within the same outcrop. Finding the right cobble from which 

to produce the desired tool was by no means assured in this landscape. While this 

variation limited potential management options, a range of options for managing tool-

stone resources were still available. The easy availability of tool-stone types such as 

coarse-grained BIF spectrum materials, quartz and dolerite was harnessed through 

expedient use of these materials. By contrast, specific reduction strategies were 

employed to ensure supply of fine-grained BIF spectrum materials. Cores were 

transported some distance before use and discard, platform surfaces were prepared 

and there is some evidence for standardisation. While the sample size is extremely 

small, chert was more commonly used to produce formal tools such as adzes.  

The concept of risk management (Hiscock 1994; Torrence 1989a) provides a useful 

way of accounting for these different strategies identified in the archaeological record of 

the Weld Range. It seems that more predictable fine-grained materials were being 

used to mitigate the risk, created by tool-stone resources that flake unpredictably, of 

not being able to manufacture the right tool for a task. Purposely moved through the 

landscape, care was taken to preserve the reduction potential of these fine-grained 

materials so that they could be deployed when finding a suitable tool-stone cobble was 
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challenging. Continued supply of material was also maintained through changing 

notions of use-life that occurred over 500 m from a source (Byrne 1980).  

This result adds to the diversity of responses to risk recorded across Australia 

(Clarkson 2007; Doelman 2008; Faulkner 2011; Hiscock 1994; Lamb 2011). Only some 

of these responses employ formalised retouch forms common in North American and 

European research (Bleed 1986; Nelson 1991; Parry and Kelly 1987; Shott 1986). 

Tool-stone resource management was nonetheless an important component of past life 

ways in the arid zone.  For instance, Webb (1993) describes a provisioning of place in 

Kinchega National Park, NSW, similar to Nelson’s (1991:64) definition of an expedient 

technological strategy. Quantity, not quality, was favoured in the transport of lithic 

material into this region to satisfy people’s future need for this resource (Webb 

1993:108-9).  In southwest Queensland, Robins (1997:40) describes another strategy 

for place provisioning. An increase in core and flake size some distance from a source 

contrary to expectation is interpreted as the movement of prepared cores into areas of 

tool-stone paucity. In the Weld Range, we see the use of a predominately expedient 

technology, supplemented by the movement fine-grained materials and use of 

reduction technologies aimed at maintaining tool-stone supply. This work adds to an 

archaeological understanding of the complexity of human responses to the harsh and 

unpredictable Australian arid zone. Wajarri worked within environmental constraints to 

manage supply of this important material. 

These results describe a functional motivation for tool-stone management in the Weld 

Range. However, at the beginning of this work a vast array of potential motivators for 

tool-stone selection were described. These ranged from personal preference and 

familial relations (Gould, et al 1971:161; Hayden 1977:179) to intertribal political 

alliances and metaphysical relationships between the human and nonhuman world 

(Bradley 2008; Jones and White 1988; McBryde 1984). It was not possible within the 

scope of this project to investigate this kaleidoscope of decision-making. Instead, the 

aim was to determine if Wajarri people in the past perceived all tool-stone sources in 

the same manner and, if not, was there a functional motivator for this. In doing so, two 

anomalies were detected. The preferential selection and use of silcrete and dolerite 

may not reflect flake manufacture predictability, availability or accessibility. Instead, the 

movement and reduction of silcrete may describe the seasonal movement of people 

into the Weld Range. Or, it could describe a preference for a white, luminous material 

and the social motivations for this. Patterns of dolerite use may demonstrate the 

changing and overlapping functions of tool-stone with grinding material used as ad hoc 

cores for producing cutting tools.  
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Together, the Weld Range flaked stone artefact assemblage and the Wajarri people 

who created it provide an example of Ingold’s (2011:6) concept of production. Tool-

stone resources shaped the choices available to Wajarri people who, in turn, had an 

“opportunity to act” (Gero 2000:37). The selection of tool-stone and the manufacture, 

use and discard of tools in the Weld Range was a negotiated compromise (Robb 2010) 

between people and their world. Tool-stone management strategies were modifying 

and being modified by the raw materials and the physical environment. Wajarri people 

living in this area at times in the past managed the risk posed by abundant but 

unpredictable tool-stone sources by selecting and carrying with them more predictable 

cores and flakes when found. The anomalies identified in this study also suggest the 

potential for less tangible influences such as seasonal movement, ritual and tradition. 

Importantly, none of these influences is mutually exclusive, nor do they come one 

before the other. It is the act of doing, the execution of the design and adaptation of the 

material that is of interest. Wajarri people used the variation in, and abundance of, 

Weld Range tool-stone sources to ensure that they had the right tool for a task when 

and where they needed it. Going back to the question posed at the beginning of this 

work, these results demonstrate that Weld Range tool-stone resources were not 

perceived as a single useful resource but as a series of differentially important 

materials. 

IMPLICATIONS FOR WESTERN AUSTRALIAN CULTURAL HERITAGE 
MANAGEMENT 
This study reinforced the results of research published in the “Pilbara Archaeology” 

supplement of Archaeology in Oceania in 2009.  It has demonstrated how the vast 

bodies of data describing surface lithic assemblages and collected during heritage 

surveys and site recording in Western Australia can be used in research. In the 

absence of expensive and time consuming refit studies (c.f. Close 2000) or 

geochemical sourcing, the actual movement of material from a source is incalculable. 

However, an assessment of preferential movement of Weld Range raw materials was 

possible because of the size of area surveyed and the volume of flaked stone artefacts 

recorded. Furthermore, while isolated finds are regularly recorded in consultancy 

projects in Western Australia, they are rarely discussed. The complex organisation of 

technology identified in this study was obscured at the artefact and site scale employed 

in consultancy reporting (see also Barton 2008; Eureka 2011a:312). For example, 

when considered at the scale of a “site” the increasing proportions of single platform 

chert cores between 1-500 m from a source becomes an attribute specific to the site at 

which it is observed. After all, there may only be two single platform cores and a multi 
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platform chert core at a site located 400 m from a chert quarry – hardy convincing 

evidence of preferential movement and core preparation.  

By moving the scale of analysis out to the landscape level, incorporating 118 sq. km of 

steep BIF ridges, undulating foothills, creek system, breakaway formations and open 

flats, the anticipation of the future “need for materials and tools at use locations” 
(Nelson 1991, p. 64), has been identified and a more nuanced understanding of Weld 

Range tool-stone resourcing practices has been created. Isolated material becomes 

important in describing individual transport events. By incorporating these items into 

the analysis no one type of behaviour or occupational intensity has been favoured over 

another. When all sites and artefacts are considered trends in flaked stone artefact 

attributes illustrate that the expedient use of abundant lithic resources by people 

occupying the area in the past was being supplemented by preferential movement of 

materials with predictable flaking qualities. Different core reduction technologies were 

used to ameliorate the risks created by variation within Weld Range tool-stone sources. 

Going back to the example of chert cores, where single platform cores become more 

common with distance from numerous chert sources an argument for preferential 

movement of prepared chert cores can begin to be made. 

Importantly, these results demonstrate a need to move the idea of curation from a 

focus on “tools” and retouch, towards the concept of a process (Andrefsky 2009; e.g. 

Bamforth 1986; Binford 1979; Odell 1996; Shott 1996). Local assemblages 

characterised by a rarity of retouch or absence of formal production sequences, the 

absence of “tools”, do not preclude curation (Barton 2008; Douglass 2010). Yet it is all 

too easy to dismiss these assemblages as “expedient” or “opportunistic” when 

locations in the landscape are considered on a place-by-place basis. In the Weld 

Range, analysis for consultancy reports at individual places described assemblages 

dominated by nearby materials such as BIF, chert, dolerite and quartz (Eureka 

2011a:217). Retouch is rare, reduction intensity low and evidence for specific core 

reduction technologies absent. Raw material economies were described as expedient 

with little evidence for selectivity. However, when all Weld Range data is considered in 

conjunction, with new knowledge from an experimental knapping program describing 

flake manufacture properties, evidence for a diversity of tool-stone management 

strategies emerge. 

This study also showcases a methodology for managing raw material classifications in 

areas of tool-stone diversity and using archival data. The Weld Range data set is not 

unusual in being gathered over many years and by many people and, research is often 

undertaken in areas where raw materials are ill defined. Furthermore, geochemical 

analysis is not always practicable, particularly given that organisational strategies 
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relating to raw material economies are perhaps best assessed at the landscape scale 

and with many artefacts. Tool-stone misclassification is very likely in these data sets 

but cannot be resolved by simply returning to the artefacts that are scattered in this 

case across some 118 sq. km. Instead, this study demonstrates that inconsistencies 

can be reconciled through the identification of mutually exclusive categories; some raw 

material types (e.g. quartz and chert) are unlikely to be confused. By acknowledging 

the potential for an artefact described as one material to have been sourced from 

quarries of another material, spatial analysis can proceed. Like Byrne’s (1980) work 

before, this study provides a useful means of investigating raw material economies 

elsewhere in the Midwest region with the ability to use problematic consultancy data. It 

also presents a case study for tool-stone resourcing in a landscape of tool-stone 

abundance and variety for comparison in future studies.  

However, the need for this methodology demonstrates that many of the challenges 

faced when using heritage consulting data in research result from the process and 

procedures that have developed within the industry to address legislative requirements 

(see Barker 2009:for an American example). In this instance, regular collection of 

examples of Weld Range raw material types would have allowed categories to be more 

reliably defined early in the project. As a result, the need to consider secondary 

sources of tool-stone may have been negated. However, this type of regular collection 

is not possible in the current regulatory framework. Traditional Owners must be 

consulted before material is removed from country, an important ethical consideration 

that underpins most Western Australian archaeological consulting and arising from the 

discourse of Indigenous archaeologies (see Colwell-Chanthaphonh et al. 2010:for a 

review of American and Australian contexts; Smith and Jackson 2006). Yet, the 

opportunity to do this is rarely available in the scope of time-constricted heritage 

surveys (personal observation). This highlights the need for what Chandler (2007) 

describes as “innovative approaches to mitigation” or, in the Western Australian 

context, innovation in practice. The examples Chandler (2007: 122-132) uses 

demonstrate how exciting new knowledge about the human past can be generated 

through relatively small and cost effective changes in practice. Consultation with 

stakeholders early in a project is of key importance and in a Western Australian context 

this would also be the case. By demonstrating the value of these “innovative 

approaches” research like that presented here may encourage changes in process 

(Barker 2009). 

Using data collected during heritage surveys, site recording projects and salvage works 

in archaeological research is problematic. While consultants are guided by current 

research when selecting survey strategies, site recording techniques and stone artefact 
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attributes to record, they cannot have all potential research questions in mind. 

Consultants are also constrained by the legislative and procedural environment in 

which they work (Barker 2009). But, this research suggests that, while challenging, this 

data can yield important new knowledge. This is particularly the case when, like in the 

Weld Range, consultancy work is the first comprehensive assessment of an area’s 

archaeological record.  

FUTURE RESEARCH DIRECTIONS 
While this study has elucidated the management of variable Weld Range tool-stone 

resources through preferential selection of fine-grained materials and use of various 

core reduction strategies, it highlights a number of additional research questions. 

Perhaps most excitingly, this research evidences preferential selection and differential 

management of materials. Weld Range tool-stone resources were not perceived as a 

single useful resource but as a series of differentially important materials. Furthermore, 

the value of predictable tool-manufacture explains only some of the results of this 

study. The preferential movement of silcrete remains somewhat of a mystery and the 

distribution of dolerite may describe a functional preference for igneous materials for 

grinding and pounding activities.  

New research design and analytical techniques are now required. For example, 

geochemical analysis using Laser Ablation Inductively Coupled Plasma Mass 

Spectrometry (LA-ICP-MS) at the nearby Wilgie Mia and Little Wilgie ochre mines 

indicates geologically similar materials in close geographical proximity can be 

statistically distinguished on the basis of their trace element chemistry (Scadding and 

Wattling 2012; Scadding et al. 2015). This paves the way to source preferentially 

selected materials and may unlock the value of individual sources in the Weld Range 

study area. Similarly, an investigation of grinding material in the Weld Range has the 

potential to elucidate other functional values for tool-stone as well as contribute to 

understandings of broader land-use patterns. There would also be value in exploring 

the distribution and changes in reduction intensity of artefacts associated with well 

documented quarries. There are a small number of quarries recorded in detail and for 

which the surrounding area has been surveyed that could provide insight into the 

manufacture and movement of tools from specific raw material types. 

The place of raw material economies within the context of broader land-use patterns 

also remains unknown. Recent analysis of Weld-RS-0731 suggests a possible link 

between the rockshelter assemblage and the surface artefact assemblage located in 

similar environments to those in which fuel wood collection took place (Byrne (nee 

Taylor) et al. 2013; Winton et al. 2014). As permanent features, tool-stone quarries 



Tool-stone resource management in the Weld Range, Midwest region, Western Australia 

 

186 

may have been accessed purposely by people camping in and around more ephemeral 

resources such as water, or they may have influenced camp locations with people 

selecting sites near multiple resources. The Weld Range data set could be used to 

explore these patterns of resource use. It preserves data relating to the location, size, 

density and diversity of stone artefact scatters. Further, a range of existing data sets 

describe the distribution of water, plants and animals in this landscape (e.g. Curry et al 

1994; Ecologia 2010; Landgates SLIP GIS database - 

https://www2.landgate.wa.gov.au/web/guest), while 2 m contour mapping by Sinosteel 

Midwest Corporation allow for more nuanced calculations of relative distance to 

resource. Together these data sets might be used to investigate how tool-stone 

provisioning was incorporated into a wider resource management system. After all, 

tool-stone is not the only resource in this landscape that would have influenced Wajarri 

occupation intensity and mobility. 

Looking further afield, this research highlights the potential to investigate broader, 

regional patterns of tool-stone resourcing. Winton et al. 2010 suggest that the 

abundance and variety of tool-stone at Weld Range may have made this a regional 

source of lithic raw materials, just as documentary records and ethnographic data 

describe for red ochre (Clarke 1976; Crawford 1980; Davidson 1952; Kretchmar 1936; 

Savage and Dennison 2006; Smith 2013; Smith and Fankhauser 2009; Woodward 

1914).  However, excavated assemblages within 50 km of the Weld Range contain 

very small proportions of  stone artefacts manufactured from “non-quartz” tool-stone 

types; 6% at Walghana and 8% at Madoonga rockshelter (Bordes et al. 1983:6; Webb 

and Gunn 1999:16, 19). The unpredictability of Weld Range materials, described by the 

experimental knapping preformed for this research, may have diminished the value of 

Weld Range tool-stone sources for transport and trade. However, with only two 

excavated sites within 50 km of the Weld Range this interpretation must remain 

speculative. Further excavation and surface assemblage recording is required. The 

results of this recording would be enhanced by a characterisation of regional geology 

and its relationship to tool-stone source potential. Data gathered from the various 

geological contexts in the Weld Range landscape could provide a useful case study in 

this instance. 

The limitations of this research have excluded the investigation of changes in tool-

stone resource management over time. While it is possible that the preferential use of 

more predictable Weld Range materials and the anomalies presented by the silcrete 

and dolerite assemblages may reflect long term tends, the potential for change cannot 

be dismissed. For example, work by Basgall (2010) in the Mojave Desert of North 

America demonstrates how changes in the reliance on grinding and technological 

https://www2.landgate.wa.gov.au/web/guest
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responses in this tool class to climatic variation effected grinding artefact distribution 

and assemblage composition. It is possible that the anomaly presented by dolerite 

reflects similar changes in the need for, and use of, grinding material in the Weld 

Range over time. Before these interpretations can be assessed, excavations at 

rockshelters like Weld-RS-0731 are required to provide a temporal context for raw 

material use.  

Moving to a smaller scale, an important methodological issue that arose from the 

diversity of raw materials in the Weld Range was inter-comparability of reduction 

indices between tool-stone types. As shown by previous studies (e.g. Bradbury et al. 

2008; Cotterell and Kamminga 1987; Deunert 1995; Gould et al. 1971), different raw 

materials respond to reduction in different ways. This is no less the case with Weld 

Range tool-stone types as demonstrated by the experimental knapping program. 

Usefully, quarry locations provide baseline records that, in addition to the experimental 

data, describe expedient use of tool-stone where it is abundant and easily accessible. 

This facilitates identification of trends in tool-stone management through technological 

analysis at ever greater distance from a source. While the proportion of one reduction 

indicator or another cannot be compared between raw material types, a greater 

understanding of how raw material flaking properties relate to reduction indices allows 

assessment of reduction intensity within tool-stone categories. It will be important to 

investigate whether the use of quarry assemblage as baseline data for describing 

reduction intensity can be used elsewhere without the need for time-consuming 

experimental programs. 

Finally, some of the results presented here indicate a variety in core reduction 

strategies that warrant further investigation. During the experimental knapping program 

the effect of banding was emphasised by the knapper. The three planes of banding 

(Figure 6.26) within the BIF specimens affected flake manufacture in different ways. 

The knapper noted that he would adjust the core face to take advantage of these 

effects. It is unlikely that the advantage created by knapping along different planes 

went unnoticed by Wajarri knappers and further investigation may identify preferences 

in core reduction techniques. Similarly, the chert and mudstone archaeological 

assemblages describe a preference for reduction along a single core face. Results 

from the experimental knapping program indicate that this preference may relate to the 

ease with which flakes of predictable morphology could be produced from these 

materials. Once a suitable core face was produced, the predictability of flake removal 

for these materials may have encouraged continued use of a single platform until the 

core was exhausted and discarded or the platform rotated. Yet, only one mudstone 

cobble was knapped for this project and the chert cobbles proved variable. Further 
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research is required to investigate the variety of core reduction techniques hinted at in 

the results of this study. 

CONCLUSION 
People living in the Weld Range at times in the past employed a range of strategies to 

manage the supply of tool-stone. Results from the experimental knapping program 

illustrate that the abundance of tool-stone resources identified by heritage surveys 

belies the variation in these sources. In response to this uncertainty, the spatial and 

technological analysis of the Weld Range data set describes a complex mix of tool-

stone management strategies. Expedient use of coarse-grained BIF spectrum 

materials, dolerite and quartz took advantage of abundant supply. Complementing this, 

fine-grained BIF spectrum materials were moved further and more frequently. Waste 

minimisation strategies were employed to ensure tool manufacture predictability where 

outcrops with unacceptable variation were met. The potential for motivations other than 

availability and flaking properties, such as the movement of people and silcrete into the 

area, are also hinted at in these results.  

By identifying preferential movement of some Weld Range raw materials and 

differences in the manufacture, use and discard of tools from these materials, this 

study has demonstrated that the flaking properties of different tool-stone types in the 

Weld Range were managed and therefore, valued differently. Having established that 

different values are attached to different tool-stone sources and that this is identifiable 

in the archaeological record, this study opens up the possibility of investigating 

economic, social, political and sacred meanings in tool-stone resourcing in the Weld 

Range. The anomalies presented by silcrete and dolerite provide fruitful future research 

questions around regional economies, the social or even sacred meaning of colour and 

the politics governing people’s movement through the landscape along with the 

material they bring with them. Furthermore, this research illustrates the diversity of 

ways in which hunter-gatherer groups living in the harsh and unpredictable 

environment of the Australian arid zone valued tool-stone resources, actively adapting 

and creating the world around them. 
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APPENDIX 2. WELD RANGE TOOL-STONE 
DESCRIPTIONS 

BIF 
Selected from four quarries, eight BIF samples were collected and knapped. Each 

sample comprises a banded matrix of iron oxide and chert, which ranges from coarse-

grained to very fine-grained (Appendix Figure 1). It was not possible to obtain samples 

by knapping the previously quarried, exposed low ridges (up to 1.5 m high) of BIF. It is 

therefore, unclear how material quarried from these large outcrops might behave when 

knapped.  

While sampled cobbles and collected artefacts are similar in colour, grain size, banding 

and presence of inclusions, demonstrating that the knapped samples were 

representative of the archaeological assemblage, they highlight the variability 

encompassed by the term “BIF”. Deposited during the Archaean, rocks in the Weld 

Range, including BIF outcrops, have been subject to folding, faulting, volcanic 

intrusions, erosion and deposition (Ellias et al. 1983). As a result, inclusions of quartz 

are present and weathered surfaces, internal flaws and micro fractures are common in 

cobbles of this material. Furthermore, these geological processes have sometimes 

altered the chert-rich bands. At Weld-QA-09109 the outcrop appears to have been 

somewhat recrystallised into a fine-grained chert (Appendix Figure 1, A) with areas of 

quartzite (Appendix Figure 1, B) and, unlike other BIF examples, exhibits little 

distinction other than changing shades of colour between the iron-rich and chert bands 

(Appendix Figure 1, C). In contrast to the relatively fine-grained material found at Weld-

QA-09109, S21 from Outcrop H in Weld-QA-0833 contains a high proportion of 

weathered interior surfaces (Appendix Figure 2, dorsal surface) in addition to very 

marked iron oxide-rich bands (Appendix Figure 2, ventral surface). Similarly, S16 from 

Outcrop A in Weld-QA-0725 is comprised of predominantly weathered material from 

which the silica had been leached leaving this cobble prone to non-conchoidal fracture 

along internal pre-existing faults (Appendix Figure 3).  

These results suggest that the term BIF refers to a continuum. At one end of the 

spectrum are highly siliceous relatively homogenous examples of BIF in which the 

banding has little to no impact of force propagation. Outcrops at the other end of the 

continuum are comprised of a weathered and/ or iron oxide rich material where internal 

faults as well as banding hinder flake manufacture. More commonly however, the 

banding simply impedes force propagation along one or more axes but does not 

prevent flake production. In a comparable manner, internal flaws and weathered areas 

pose problems for a knapper but do not necessarily preclude flake manufacture. 
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As noted above, collected BIF artefacts typically featured the same characteristics as 

the experimentally knapped cobble (e.g. Appendix Figure 4). However, the selected 

cobbles from Weld-QA-0725 Outcrops A and B differ markedly from the collected 

artefacts. These cobbles contained large areas of coarse-grained material and internal 

fractures and flaws (Appendix Figure 5). It seems probable that the assemblages 

created using S16 and S17 are unrepresentative of adjacent archaeological 

assemblages. The assemblages produced by these cobbles were not used in defining 

BIF reduction indices or flake manufacture predictability.  

  
Appendix Figure 1. Weld-QA-09109, Outcrop A, Sample 27 (scale = 10 cm). 

 

  
Appendix Figure 2. Weld-QA-0833, Outcrop H, Interval 5, left: ventral surface, right: dorsal surface (scale 

interval = 1 cm). 
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Appendix Figure 3. Weld-QA-0725, Outcrop A, S16, Interval 2 (scale interval = 1 cm). 

 

  
Appendix Figure 4. Weld-QARS-10245, Outcrop A: (left) flake knapped from S39, (right) collected artefact. 

 

  
Appendix Figure 5. Weld-QA-0725, Outcrop A: (left) flake knapped from S16, (right) collected artefact A100. 
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CHALCEDONY 
A cobble of banded chalcedony was collected from Weld-QA-09113. This material is 

fine-grained and translucent with bands up to 3 mm thick and ranging in colour from 

white to dark grey (Appendix Figure 6, A). While described as chalcedony because it is 

translucent, the granular matrix suggests it is a fine-grained quartzite formed through 

recrystallization of banded chert (Geological Survey of Western Australia 1983). Areas 

of red staining illustrate weathering along micro fracture planes (Appendix Figure 6, B). 

This may have created the pockets of unconsolidated material. However, these 

fractures, weathered areas and the banding rarely inhibited force propagation during 

experimental knapping. Collected artefacts from Weld-QA-09113 share the same 

characteristics as the knapped cobble (Appendix Figure 7). 

A second cobble of chalcedony and a representative stone artefact were collected from 

Weld-QA-09136 but not knapped due to time constraints. The banding is less distinct in 

this material and where present is characterised by thin (typically <1 mm but up to 2 

mm) seams of quartz (Appendix Figure 8, A). Comparison of this material with an 

artefact and knapped cobble described as “siliceous sediment” from the same quarry 

suggests that the “chalcedony” from this quarry is a more crystalline version of the 

“siliceous sediment” forming a continuum. Given the commonalities between the Weld-

QA-09113 “chalcedony” and the Weld-QA-0913 “chalcedony” (translucent, granular 

matrix) it is most likely that the “chalcedony” often described in the Weld Range data 

set is a continuum including “quartzite” and “siliceous sediment”.  

   
Appendix Figure 6. Weld-QA-09113, Outcrop A, Sample 30 (scale = 10 cm). 

A B 

B 

A 

A 



Tool-stone resource management in the Weld Range, Midwest region, Western Australia 

 

218 

  
Appendix Figure 7. Weld-QA-09113, Outcrop A: (left) flake knapped from S30, (right) collected artefact A42. 

 

 
Appendix Figure 8. Weld-QA-09136, Outcrop A, Sample 28 (scale = 10 cm). 
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CHERT 
A total of five chert samples were selected from three quarries. Shared in common is a 

primary matrix of cryptocrystalline sedimentary material with networks of small cavities 

as well as bands of iron-stained chert and quartz. When freshly knapped these 

materials appear very fine-grained rather than cryptocrystalline. After a few days to a 

month a glossy surface formed and created a more cryptocrystalline appearance.  

Material from the chert outcrops (Weld-QA-0833 and Weld-QA-11370) formed within 

the Weld Range (Weld-QA-0833) or on the ferruginous duricrust immediately north 

(Weld-QA-11370) is characterised by the small cavities and bands of iron staining filled 

or bordered by quartz (Appendix Figure 9, A). Inclusions of quartz crystals up to 2.5 cm 

across are also common (Appendix Figure 9, B). These features are present in 

examples of BIF where cherty bands predominates (e.g. Weld-QA-09109) illustrating a 

similarity in geological formation processes (Appendix Figure 10). These materials 

suggest that chert sources identified within the Weld Range are the silica-rich end to 

the BIF continuum described above.   

  
Appendix Figure 9. Weld-QA-09109, Outcrop A, Sample 27 (scale interval = 1 cm). 

            

                     
Appendix Figure 10. Weld-QA-09109, Outcrop A, Sample 27 (scale interval = 1 cm). 
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Comparison of knapped cobbles with chert artefacts collected from these sites 

illustrates the variability within these outcrops and the qualities favoured by Wajarri 

knappers. Two cobbles were collected from Outcrop D at Weld-QA-0833 both with 

differing qualities to the collected artefacts. While the colouring of S24 differed 

markedly from the collected artefacts the fine-grained matrix and areas of banding and 

quartz inclusions were similar (Appendix Figure 11). S25, while containing small areas 

of cryptocrystalline, dark brown material similar to the collected flakes, was abandoned 

after only three knapping intervals because internal flaws and quartz inclusions caused 

the material to shatter (Appendix Figure 12). In both instances the knapped cobbles 

illustrate the favourable qualities of the cryptocrystalline material found at Outcrop D 

while demonstrating internal variation within the outcrop.  

  
Appendix Figure 11. Weld-QA-0833, Outcrop D: (left) flake knapped from S24, (right) collected artefact A120 

(scale interval = 1 cm). 

 

  
Appendix Figure 12. Plate 12. Weld-QA-0833, Outcrop D: (left) flake knapped from S25, (right) collected artefact 

A119 (scale interval = 1 cm). 

 

In contrast, the artefacts collected from Weld-QA-11370 are strikingly similar to the 

knapped assemblage although the effect of weathering is apparent. The freshly 

knapped flakes have a rough surface as a result of crumbly bands of iron-rich ochre but 
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did begin to develop lustre similar to that described for all the knapped cherts. It is 

probable given more time for the lustre to develop and with the water, heat and wind 

weathering to which material from Weld-QA-11370 the smoother, more marbled look of 

the collected artefacts would most likely form on the experimental assemblage.   

  
Appendix Figure 13. Weld-QA-11370, Outcrop A: (left) flake knapped from S36, (right) collected artefact A137. 

  

Formation processes associated with chert outcropping away from the Weld Range 

(e.g. Weld-Ariella’s Quarry-10270) appear different to other Weld Range chert 

outcrops, with material may have formed as part of the siliceous cap rock that overlays 

greenstone belts, like the Weld Range, in the Yilgarn Craton (Ellias et al. 1983). At 

Weld-Ariella’s Quarry-10270 an outcrop of this brown, siliceous cap rock emerges from 

the surrounding primarily aeolian sand sheet as cobbles and boulders. Chert from 

Weld-Ariella’s Quarry-10270 is characterised by areas and bands of predominantly 

yellow, powdery, ochreous material that occurs throughout the primarily brown 

cryptocrystalline matrix (Appendix Figure 14, C and D). Red and orange bands are also 

present (Appendix Figure 14, B). It seems probable that these different colours of 

ochreous material are related to the colour of the primary chert matrix and the areas of 

red ochre may explain the presents of purple chert at the quarry (Appendix Figure 15). 

During the knapping experiment it was found that near the surface of the cobbles this 

ochreous material had often weathered away leaving small cavities edged by a white 

crystalline material that reacts with hydrochloric acid indicating it is a calcite (Appendix 

Figure 14, A). This has most likely contributed to the formation of a characteristic thick, 

pitted cortex.  

A difference between the knapped chert at Weld-Ariella’s Quarry-10270 and the 

collected artefacts is evident (Appendix Figures 14 and 15). While both share a 

lustrous cryptocrystalline matrix, the collected artefacts have fewer cavities and 

ochreous inclusions. Cortex is also rare. With respect to the cortex, experience gained 
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by the knapper during the experiment suggests that core preparation with a focus on 

cortex removal would have enhanced the quality and number of flakes produced. It 

may be that the collected artefacts were manufactured following cortex removal from 

an interior, relatively unweathered portion of a cobble, or they were removed from a 

less weathered cobble.  

 
Appendix Figure 14. Weld-Ariella's Quarry, Outcrop A, Sample 32 (scale = 10 cm). 

 

  
Appendix Figure 15. Weld-Ariella's Quarry-10270, Outcrop A: (left) collected artefact A132, (right) collected 

artefact A133 (scale interval = 1 cm). 
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DOLERITE 
At Weld-Q-0987 two cobbles of dolerite were sampled. The knapped material is a light 

blue grey, very coarse-grained and had a tendency to produce only semi-conchoidal 

fractures (Appendix Figure 16). The cortex is relatively thick and stained a red/brown 

by the iron-rich surrounding soils. Located on the southern slope of a laterite rise Weld-

QA-0987 may represent the extension of the medium-grained dolerite noted to the 

south on the surface geology map (Elias et al. 1982). In contrast to the knapped 

material, the collected artefacts include moderately sorted quartz grains within a similar 

matrix to that described for the cobbles (Appendix Figure 17). During knapping the 

sampled cobbles proved very hard and large amounts of force failed to remove flakes 

running the length of the cobble so that new platforms could be created. Given the 

difference between the sampled cobbles and collected artefacts, it may be that two 

unrepresentative cobbles were selected.  

  
Appendix Figure 16. Weld-QA-0987, Outcrop A: (left) Sample 34, (right) Sample 35 (scale interval = 1 cm). 

  

 

  
Appendix Figure 17. Weld-QA-0987, Outcrop A: (left) collected artefact A139, (right) collected artefact A140 

(scale interval = 1 cm). 
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JASPILITE 
A single jaspilite cobble from Weld-QA-0725 was knapped during this project. It 

comprises bands of silver to black iron oxide and bright red, iron-rich chert (Appendix 

Figure 18, A). Areas and thin bands of white quartz and quartzite sometimes intersect 

the primary iron and chert bands (Appendix Figure 18, B and C). Weathering has 

occurred along internal faults and micro fissures. While conchoidal fractures were 

produced where bands were thin and chert predominated, this cobble contained a high 

proportion of iron oxide bands that, in addition to the weathered fractures, created 

semi-conchoidal fractures. Collected artefacts from near S18 have either thick (up to 6 

mm) bands of bright red chert with micro brands of iron oxide throughout (A97) or very 

fine (>1 mm) bands of both materials (A98). It is most likely that cobbles with these 

favourable qualities were targeted and that the selected cobble was only moderately 

representative of the quarried material (Appendix Figure 19).  

  
Appendix Figure 18. Weld-QA-0725, Outcrop C, Sample 18 (scale = 10 cm). 
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Appendix Figure 19. Weld-QA-0725, Outcrop C, Sample 18: (left) collected artefact A97, (right) collected artefact 

A98 (scale interval = 1 cm). 

 

A cobble was also collected, but not knapped, from jaspilite quarry Weld-Q-10215. This 

material has only indistinct banding and comprises areas of deep red cryptocrystalline 

chert, fine-grained brown siliceous sediment, quartz crystals and bands and areas of 

unconsolidated sediment (Appendix Figure 20). While loosely defined as jaspilite 

because of its location in a jaspilite ridge and its red colour with areas of iron oxide, the 

cobbles at this quarry appear to be a metamorphosed conglomerate of materials. Each 

of these different materials is however, similar to the continuum of BIF noted above. 

The fine-grained and coarse sediments being similar in texture to the siliceous 

sediment at Weld-QA-09136 and BIF at Weld-QA-09109 while the chert is similar to 

that at Outcrop D in Weld-QA-0833. It is prossible that jaspilite outcrops in a continuum 

from a deep red chert to a fine sediment to the banded, iron oxide-rich material 

described for S18 from Weld-QA-0725.  

 
Appendix Figure 20. Weld-Q-10215, Outcrop A, Sample 38. 
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MUDSTONE 
Only one mudstone quarry (Outcrop F at Weld-QA-0833) has been identified in the 

Weld Range and a single cobble was sampled. This material ranges in colour from a 

light yellow/ brown colour (Appendix Figure 21, A) with occasional thin bands of iron-

stained quartz and quartz grain inclusions (Appendix Figure 21, B). An area of deep 

orange/ brown weathering was noted during knapping and had a non-conchoidal 

fracture (Appendix Figure 21, C). This is in stark contrast to the ease and predictability 

of flake manufacture noted for the rest of the cobble. The collected artefacts mirror 

these characteristics (Appendix Figure 22). While this mudstone was probably formed 

by a similar process to the chert at Outcrop D, approximately 20 m to the north, it does 

not form a lustrous surface over time. Instead it remains very fine-grained in 

appearance. Given this difference, the Weld-QA-0833 mudstone outcrop may be a 

silcrete material related to the presence of tertiary laterite as well as massive and 

pisolitic ferruginous duricrust formations in the area rather than recrystallization of the 

BIF into a fine-grained material (Ellias et al. 1983).   

  
Appendix Figure 21. Weld-QA-0833, Outcrop F, Sample 23 (scale = 10 cm). 

 

  
Appendix Figure 22. Weld-QA-0833, Outcrop F, Sample 23: (left) collected artefact A115, (right) collected 

artefact A116 (scale interval = 1 cm). 
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QUARTZ 
A quartz cobble was sampled from Weld-QA-0727 and comprises a matrix of large (up 

to 10 mm) angular quartz crystals (Appendix Figure 23, A). Fracture is typically semi-

conchoidal occurring along the intersections between these crystals rather than 

through them. Where these crystals are less strongly bonded weathering has occurred 

and areas of unconsolidated chalky sediment have formed (Appendix Figure 23, B). 

Two artefacts collected adjacent the cobbles differ somewhat. In both instances, 

weathering has smoothed the ventral surface making individual crystals less apparent 

(more so in A118 than A117, see Appendix Figure 24) and leaving cracks and cavities 

where the chalky sediment may have occurred. It seems most likely that when freshly 

knapped the collected artefacts would have been similar to the knapped cobble 

assemblage.  

  
Appendix Figure 23. Weld-QA-0727, Outcrop A, Sample 31 (scale = 10 cm). 

 

  
Appendix Figure 24. Weld-QA-0727, Outcrop A, Sample 31: (left) collected artefact A117, (right) collected 

artefact A118 (scale interval = 1 cm). 
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SILICEOUS SEDIMENT 
Siliceous sediment quarries Weld-QA-09112 and Weld-QA-09136 were sampled for 

this project with one cobble from each knapped. Both formed within larger BIF ridges 

and comprise a fine-grained sedimentary matrix. S26 from Weld-QA-09112 exhibits 

thin (<1 mm) red bands in a light grey-green-yellow coloured primary matrix (Appendix 

Figure 25, A). Bands and areas of coarse-grained, unconsolidated, sometimes chalky, 

similarly coloured material are common in the knapped cobble (Appendix Figure 25, B 

and C). This coarse material is common around the perimeter of the cobble and 

probably relates to secondary weathering. Internal weathered flaws are noted 

throughout. Both the coarse material and internal weathering resist conchoidal fracture 

and instead shatter or shear along internal bands. This outcrop likely represents a chert 

rich section of the overall BIF ridge and may have been subject to some 

recrystallization creating a fine-grained chert.  

  
Appendix Figure 25. Weld-QA-09112, Outcrop A, Sample 26 (scale = 10 cm). 

 

The cobble selected from Weld-QA-09136 (S29) indicates a different formation process 

for this outcrop compared with the sample from Weld-QA-09112. This material has a 

primary matrix is a fine-grained, deep red/ purple sediment not unlike the matrix of S26 

from Weld-QA-09112 (Appendix Figure 26, A). This primary matrix is, however, 

interspersed with a yellow, fine-grained quartzite and suggests recrystalisation of the 

outcrop forming areas of quartzite (Appendix Figure 26, B). Another cobble selected 

from Weld-QA-09136 but not knapped for this project is a cobble comprised 

predominantly of the yellow quartzite (although it was described in the field as 
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chalcedony because it is opaque). S29 is also interlaced by numerous very thin (<0.5 

mm) bands and areas up to 30 mm across of quartz crystals. Internal weathered 

surfaces are present that seem to relate to sections of the material high in iron oxide 

(Appendix Figure 26, C).   

  
Appendix Figure 26.  Weld-QA-09136, Outcrop A, Sample 29 (scale = 10 cm). 

 

While the collected artefacts from Weld-QA-09112 share a similar primary matrix, they 

are very fine-grained and sometime cryptocrystalline, developing lustre similar to that 

described for chert (Appendix Figure 27). They also demonstrate the variability in 

colour and banding present in this outcrop ranging from bright red through white and 

grey banding to a yellow/ green. It seems that cobbles with a higher proportion of very 

fine-grained material than the sampled cobble were favoured at this quarry. A stone 

artefact collected near to the sampled siliceous sediment cobble (S29) shares the 

same characteristics described here (Appendix Figure 27). 

    

Appendix Figure 27. Weld-QA-09112, Outcrop A, Sample 26: (left) collected artefact A48, (centre left) collected 
artefact A49, (centre right) collected artefact A50, (right) Weld-QA-09136, Outcrop A, Sample 29: collected 

artefact A45 (scale interval = 1 cm). 
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SILCRETE 
A total of five cobbles of silcrete were selected from two quarries (Weld-RSQA-10218 

and Breakaway Caves) and four were knapped. This material is characterised by a 

sedimentary matrix with quartz inclusions up to 1 mm in diameter. For all the cobbles 

knapped flake propagation was not unduly impacted by these inclusions. The silcrete 

quarries sampled formed in lateritic duricrusts and their colour appears to relate the 

underlying geology. At Weld-RSQA-10218, where outcropping silcrete overlies a BIF 

ridge it is a purple colour (Appendix Figure 28) while the white material at Breakaway 

Caves (Appendix Figure 29) may reflect the underlying granitoid. 

  
Appendix Figure 28. Weld-RSQA-10218, Outcrop A: (left) Sample 13, (right) Sample 37 (scale interval = 1 cm). 

 

  
Appendix Figure 29. Breakaway Caves, Outcrop A: (left) Sample VB48, (right) Sample VB50 (scale interval = 1 

cm). 

 

At both quarries the collected artefacts are suggestive of high quality material 

(Appendix Figure 30). Field observations suggest a higher proportion of elongate flakes 

and the collected artefacts have a very fine-grained texture. In contrast, results of the 

knapping experiment were varied. All three cobbles selected from Weld-RSQA-10218 

were from a much larger (approx. 1 m wide) boulder that was split by throwing it on the 

ground. The two knapped pieces were found to be very coarse-grained with only a 
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semi-conchoidal fracture and a texture similar to the dolerite (Appendix Figure 31, A). 

Small areas of finer material are present but comprised too small a proportion of the 

cobble to use in flake production (Appendix Figure 31, B). While quartz inclusions are 

present in the knapped material the grains are not as large (less than 0.5 mm) as those 

described in the collected artefacts. Some weathered internal flaws were also noted 

(Appendix Figure 31, C). The selected cobbles appear unrepresentative to collected 

artefacts.  

    

Appendix Figure 30. Weld-RSQA-10218, Outcrop A: (left) collected artefact A135, (centre left) collected artefact 
A112; Breakaway Caves, Outcrop A: (centre right) collected artefact SVB49, (right) collected artefact SVB51 

(scale interval = 1 cm). 

 

  
Appendix Figure 31. Weld-RSQA-10218, Outcrop A, Sample 13 (scale = 10 cm). 

 

At Breakaway Caves both of the knapped cobbles had larger quartz inclusions (up to 2 

mm) than the knapped Weld-RSQA-10218 material but share a fine grained matrix with 

artefacts found at this location. Areas of purple coloured weathering and internal flaws 
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are present throughout both samples but predominate in SVB50. The texture of the 

knapped assemblage is fine-grained compared to the very fine-grained nearby 

artefacts. This may be the result of weathering obscuring grain size on the collected. 

The two cobbles knapped from Breakaway Caves do, however, differ greatly. Internal 

flaws and weathering along with the shape of the cobble impeded force propagation in 

SVB50. Very few flakes were removed. In contrast, SVB48 had a much more 

homogenous matrix with only small areas of weathering (Appendix Figure 32, A). While 

these areas cause staining and somewhat unpredictable removals they didn’t impede 

flake production (Appendix Figure 32, B). The assemblage produced from SVB48 is 

representative (fine-grained matrix with quartz inclusions that during experimental 

knapping didn’t inhibit flake propagation) of Weld Range silcrete and matches the 

collected artefacts closely.  

 
Appendix Figure 32. Breakaway Caves, Outcrop A, Sample VB48 (scale = 10 cm). 
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CONTROL – FLINT 
An English beach rolled flint cobble was used as part of the experimental knapping 

program as a control. This material is a light grey and cryptocrystalline (Appendix 

Figure 33, A). Occasional micro fissures and internal fractures are present but did not 

greatly impede flake production (Appendix Figure 33, A). Small areas of white/ lighter 

grey material occur throughout and can sometimes be fine-grained to very fine-grained 

in texture (Appendix Figure 33, B). A thin (< 5 mm) white, often coarse-grained cortex 

extended around the cobble surface and contained numerous micro fractures 

(Appendix Figure 33, C).  

  
Appendix Figure 33. Control sample, flint beach cobble (scale = 10 cm). 
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APPENDIX 3. FIELD OBSERVATIONS AT SAMPLED 
TOOL-STONE OUTCROPS 

WELD-QA-0725, OUTCROP A 

Location 
Appendix Table 1. Weld-QA-0725, Outcrop A: Centre coordinate (Zone 50J, GDA94). 

MGA mE MGA mN 

557960 7017728 

 

Description 
Weld-QA-0725, Outcrop A comprises semi-rounded exposed BIF outcrops and 

boulders to a height of 0.3 m on flat area at the north-western base of a southwest-

northeast aligned BIF ridge. Tabular and sub-rounded cobbles and gravels occur 

throughout. 

Appendix Table 2. Weld-QA-0725, Outcrop A: Summary details. 

Raw material 
type 

Outcrop Surrounding 
cobbles 

# of cobbles 
tested Type Description Max. height (m) 

BIF Exposed outcrop/ 
boulders 

Sub-rounded 0.3 Tabular/ sub-
rounded 

2 

 

 
Appendix Figure 34. Weld-QA-0725, Outcrop A: View south. Pin flag marks the location of sampled artefact A99. 
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Field collections 
 

Appendix Table 3. Weld-QA-0725, Outcrop A: Tool-stone sample/s (Zone 50J, GDA94). 

Sample ID MGA mE MGA mN Description # of test strikes 

0725-A-S16 557960 7017728 BIF cobble/ tabular chunk 3 

 

 
Appendix Figure 35. Weld-QA-0725, Outcrop A: Tool-stone sample 0725-A-S16 (scale = 10 cm). 

 

Appendix Table 4. Weld-QA-0725, Outcrop A: Collected artefact/s (Zone 50J, GDA94). 

Artefact ID MGA mE MGA mN Description Location 

0725-A-S16-A99 557954 7017724 BIF (greyish) – 
Complete flake 

Approx. 2 m southwest of the sampled 
cobble. Slightly different colour to that 
produced by initial flaking. 

0725-A-S16-A100 557960 7017728 BIF (brown) – 
Complete flake 

Adjacent the sampled cobbles. Same 
colour as that produced by initial flaking. 

 

  
Appendix Figure 36. Weld-QA-0725, Outcrop A: Collected artefacts 0725-A-S16-A99 (left) and 0725-A-S16-A100 

(right, scale = 10 cm). 
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WELD-QA-0725, OUTCROP B 

Location 
Appendix Table 5. Weld-QA-0725, Outcrop B: Centre coordinate (Zone 50J, GDA94). 

MGA mE MGA mN 

558015 7017721 

 

Description 
Weld-QA-0725, Outcrop B comprises a tabular exposure of BIF to a height of 1 m on 

the western flank of a southwest-northeast aligned BIF ridge. Tabular and angular 

boulders and cobbles extend to the south from the outcrop.  

Appendix Table 6. Weld-QA-0725, Outcrop B: Summary details. 

Raw material 
type 

Outcrop Surrounding 
cobbles 

# of cobbles 
tested Type Description Max. height (m) 

BIF Exposed outcrop Tabular 0.7 Tabular/ angular 2 

 

 
Appendix Figure 37. Weld-QA-0725, Outcrop B: View north (l-r: Viviene Brown, Nick Taylor, Carl Hamlett). 
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Field collections 
Appendix Table 7. Weld-QA-0725, Outcrop B: Tool-stone sample/s (Zone 50J, GDA94). 

Sample ID MGA mE MGA mN Description # of test strikes 

0725-B-S17 558015 7017721 BIF (brown) cobble 2 

 

 
Appendix Figure 38. Weld-QA-0725, Outcrop B: Tool-stone sample 0725-A-S17 (scale = 10 cm). 

 

Appendix Table 8. Weld-QA-0725, Outcrop B: Collected artefact/s (Zone 50J, GDA94). 

Artefact ID MGA mE MGA mN Description Location 

0725-B-S17-A94 558018 7017721 BIF (brown) – Flake 
fragment proximal 

Adjacent the sampled cobbles. Same 
colour as that produced by initial flaking. 

0725-B-S17-A95 558018 7017721 BIF (brown) – 
Complete flake 

Adjacent the sampled cobbles. Same 
colour as that produced by initial flaking. 

 

  
Appendix Figure 39. Weld-QA-0725, Outcrop B: Collected artefacts 0725-B-S17-A94 (left) and 0725-B-S17-A95 

(right, scale = 10 cm). 
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WELD-QA-0725, OUTCROP C 

Location 
Appendix Table 9. Weld-QA-0725, Outcrop C: Centre coordinate (Zone 50J, GDA94). 

MGA mE MGA mN 

558034 7017708 

 

Description 
Weld-QA-0725, Outcrop C is a tabular exposure of jasperlite up to 0.7 m in height with 

large boulders also outcropping. It is located at the southwestern base of a southwest-

northeast aligned BIF ridge. Tabular and sub-angular cobbles extend around the 

outcrop. 

Appendix Table 10. Weld-QA-0725, Outcrop C: Summary details. 

Raw material 
type 

Outcrop Surrounding 
cobbles 

# of cobbles 
tested Type Description Max. height (m) 

Jasperlite Exposed outcrop/ 
boulders 

Tabular 0.7 Tabular/ sub-
rounded 

1 

 

 
Appendix Figure 40. Weld-QA-0725, Outcrop C: View south (Nick Taylor). 
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Field collections 
Appendix Table 11. Weld-QA-0725, Outcrop C: Tool-stone sample/s (Zone 50J, GDA94). 

Sample ID MGA mE MGA mN Description # of test strikes 

0725-C-S18 558034 7017708 Jasperlite (red) cobble 1 

 

 
Appendix Figure 41. Weld-QA-0725, Outcrop C: Tool-stone sample 0725-C-S18 (scale = 10 cm). 

 

Appendix Table 12. Weld-QA-0725, Outcrop C: Collected artefact/s (Zone 50J, GDA94). 

Artefact ID MGA mE MGA mN Description Location 

0725-C-S18-A97 558033 7017705 Jasperlite – 
Complete flake 

Approx. 3 m to the west of the sampled 
cobble. Same colour as sampled cobble. 

0725-C-S18-A98 558033 7017705 Jasperlite – 
Complete flake 

Approx. 3 m to the west of the sampled 
cobble. Same colour as sampled cobble. 

 

    
Appendix Figure 42. Weld-QA-0725, Outcrop C: Collected artefacts 0725-C-S18-A97 (left) and 0725-C-S18-A98 

(right, scale = 10 cm). 
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WELD-QA-0727, OUTCROP A 

Location 
Appendix Table 13. Weld-QA-0727, Outcrop A: Centre coordinate (Zone 50J, GDA94). 

MGA mE MGA mN 

559029 7018166 

 

Description 
Weld-QA-0727, Outcrop A comprises a series of sub-angular outcropping quartz 

boulders up to 0.5 m in height within a larger BIF outcrop. It is located at the top of a 

northeast-southwest aligned BIF ridge. Sub-rounded quartz cobbles and angular and 

tabular BIF cobbles surround the quartz outcrop.   

Appendix Table 14. Weld-QA-0727, Outcrop A: Summary details. 

Raw material 
type 

Outcrop Surrounding 
cobbles 

# of cobbles 
tested Type Description Max. height (m) 

Quartz Boulder Sub-angular 0.5 Sub-rounded 2 

 

 
Appendix Figure 43. Weld-QA-0727, Outcrop A: View northwest. 
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Field collections 
Appendix Table 15. Weld-QA-0727, Outcrop A: Tool-stone sample/s (Zone 50J, GDA94). 

Sample ID MGA mE MGA mN Description # of test strikes 

0727-A-S31 559029 7018166 Large quartz cobble, very granular/ 
crystalline 

2 

 

 
Appendix Figure 44. Weld-QA-0727, Outcrop A: Tool-stone sample 0727-A-S31 (scale = 10 cm). 

 

Appendix Table 16. Weld-QA-0727, Outcrop A: Collected artefact/s (Zone 50J, GDA94). 

Artefact ID MGA mE MGA mN Description Location 

0727-A-S31-A117 559027 7018167 Quartz – Complete 
flake 

Located approx. 5 m northwest of the 
sampled cobble. Same material, very 
granular/ crystalline quartz. 

0727-A-S31-A118 559027 7018167 Quartz – Complete 
flake 

Located approx. 5 m northwest of the 
sampled cobble. Same material, very 
granular/ crystalline quartz. 

 

    
Appendix Figure 45. Weld-QA-0727, Outcrop A: Collected artefacts 0727-A-S31-A117 (left) and 0727-A-S31-A118 

(right, scale = 10 cm). 
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WELD-QA-0833, OUTCROP D 

Location 
Appendix Table 17. Weld-QA-0833, Outcrop D: Centre coordinate (Zone 50J, GDA94). 

MGA mE MGA mN 

582984 7027843 

 

Description 
Weld-QA-0833, Outcrop D is a discrete area of sub-angular, shiny, brown, chert 

cobbles located at the top of a low BIF rise. Cobbles up 0.3 m in maximum dimension 

identified. 

Appendix Table 18. Weld-QA-0833, Outcrop D: Summary details. 

Raw material 
type 

Outcrop Surrounding 
cobbles 

# of cobbles 
tested Type Description Max. height (m) 

Chert Boulders Sub-angular 0.3 Sub-angular 3 

 

 
Appendix Figure 46. Weld-QA-0833, Outcrop D: View east (l-r: Kendall Hamlett and Dan Harris). 
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Field collections 
Appendix Table 19. Weld-QA-0833, Outcrop D: Tool-stone sample/s (Zone 50J, GDA94). 

Sample ID MGA mE MGA mN Description # of test strikes 

0833-D-S24 582984 7027843 Chert cobble. 2 

0833-D-S25 582987 7027839 Chert cobble. 3 

 

  
Appendix Figure 47. Weld-QA-0833, Outcrop D.: Tool-stone sample 0833-D-S24 (left) and 0833-D-S25 (right, 

scale = 10 cm). 

 

Appendix Table 20. Weld-QA-0833, Outcrop D: Collected artefact/s (Zone 50J, GDA94). 

Artefact ID MGA mE MGA mN Description Location 

0833-D-S24-A119 582988 7027841 Chert – Complete 
flake (blade) 

Approx. 3m north of the sampled cobble. 
Same colour. Also relate to S25. 

0833-D-S24-A120 582987 7027839 Chert – Complete 
flake 

Approx. 3m north of the sampled cobble 
and adjacent S25. Same colour. Also 
relate to S25. 

 

    
Appendix Figure 48. Weld-QA-0833, Outcrop D: Collected artefacts 0833-D-S24-A119 (left) and 0833-D-S24-A120 

(right, scale = 10 cm). 
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WELD-QA-0833, OUTCROP F 

Location 
Appendix Table 21. Weld-QA-0833, Outcrop F: Centre coordinate (Zone 50J, GDA94). 

MGA mE MGA mN 

582994 7027812 

 

Description 
Weld-QA-0833, Outcrop F comprises mudstone boulders and cobbles up to 0.3 m in 

maximum dimension on the southern flank of a low BIF rise. 

Appendix Table 22. Weld-QA-0833, Outcrop F: Summary details. 

Raw material 
type 

Outcrop Surrounding 
cobbles 

# of cobbles 
tested Type Description Max. height (m) 

Mudstone Boulders Sub-angular 0.3 Sub-angular 1 

 

 
Appendix Figure 49. Weld-QA-0833, Outcrop F: View west (scale = 10 cm, Tapes extended to 1 m). 
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Field collections 
Appendix Table 23. Weld-QA-0833, Outcrop F: Tool-stone sample/s (Zone 50J, GDA94). 

Sample ID MGA mE MGA mN Description # of test strikes 

0833-F-S23 582994 7027812 Mudstone cobble 1 

 

 
Appendix Figure 50. Weld-QA-0833, Outcrop F: Tool-stone sample 0833-F-S23 (scale = 10 cm). 

  

Appendix Table 24. Weld-QA-0833, Outcrop F: Collected artefact/s (Zone 50J, GDA94). 

Artefact ID MGA mE MGA mN Description Location 

0833-F-S23-A115 582998 7027814 Mudstone – 
Complete flake 

Approx. 3 m to the north of the sampled 
cobble. Same colour. Selected from an 
area of very high artefact density. 

0833-F-S23-A116 582998 7027814 Mudstone – 
Complete flake 

Approx. 3 m to the north of the sampled 
cobble. Same colour. Selected from an 
area of very high artefact density. 

 

    
Appendix Figure 51. Weld-QA-0833, Outcrop F: Collected artefacts 0833-F-S23-A115 (left) and 0833-F-S23-A116 

(right, scale = 10 cm). 
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WELD-QA-0833, OUTCROP G 

Location 
Appendix Table 25. Weld-QA-0833, Outcrop G: Centre coordinate (Zone 50J, GDA94). 

MGA mE MGA mN 

582865 7027801 

 

Description 
Weld-QA-0833, Outcrop G comprises a small number of outcropping green/ grey/ blue 

BIF boulders and cobbles up to 0.3 m in maximum dimension. 

Appendix Table 26. Weld-QA-0833, Outcrop G: Summary details. 

Raw material 
type 

Outcrop Surrounding 
cobbles 

# of cobbles 
tested Type Description Max. height (m) 

BIF Boulders Angular 0.3 Tabular 2 

 

 
Appendix Figure 52. Weld-QA-0833, Outcrop G: View south (scale = 10 cm, located bottom centre). 
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Field collections 
Appendix Table 27. Weld-QA-0833, Outcrop G: Tool-stone sample/s (Zone 50J, GDA94). 

Sample ID MGA mE MGA mN Description # of test strikes 

0833-G-S22 582865 7027801 Banded green/ grey/ blue BIF cobble 1 

 

 
Appendix Figure 53. Weld-QA-0833, Outcrop G: Tool-stone sample 0833-G-S22 (scale = 10 cm). 

 

Appendix Table 28. Weld-QA-0833, Outcrop G: Collected artefact/s (Zone 50J, GDA94). 

Artefact ID MGA mE MGA mN Description Location 

0833-G-S22-A113 582865 7027801 BIF (Green banded) 
– Complete flake 

Adjacent the sampled cobbles. Same 
colour as that produced by initial flaking. 

0833-G-S22-A114 582863 7027803 BIF (Green banded) 
– Complete flake 

Approx. 2 m southeast of the sampled 
cobble. Same colour. 

 

  
Appendix Figure 54. Weld-QA-0833, Outcrop G: Collected artefacts 0833-G-S22-A113 (left) and 0833-G-S22-A114 

(right, scale = 10 cm). 
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WELD-QA-0833, OUTCROP H 

Location 
Appendix Table 29. Weld-QA-0833, Outcrop H: Centre coordinate (Zone 50J, GDA94). 

MGA mE MGA mN 

582849 7027744 

 

Description 
Weld-QA-0833, Outcrop H comprises an exposure of very banded, tabular BIF up to 

1.5 m high. Tabular and angular cobbles extend away from the outcrop. It is located 

some 150 m northwest of a southwest-northeast flowing seasonal creek. 

Appendix Table 30. Weld-QA-0833, Outcrop H: Summary details. 

Raw material 
type 

Outcrop Surrounding 
cobbles 

# of cobbles 
tested Type Description Max. height (m) 

BIF Exposed outcrop Tabular/ 
angular 

1 Tabular 3 

 

 
Appendix Figure 55. Weld-QA-0833, Outcrop H: View southwest. Pin flag marks the location of sampled artefact 

A93 and A96. 
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Field collections 
Appendix Table 31. Weld-QA-0833, Outcrop H: Tool-stone sample/s (Zone 50J, GDA94). 

Sample ID MGA mE MGA mN Description # of test strikes 

0833-H-S21 582849 7027744 Very banded BIF 2 

 

 
Appendix Figure 56. Weld-QA-0833, Outcrop H: Tool-stone sample 0833-H-S21 (scale = 10 cm). 

 

Appendix Table 32. Weld-QA-0833, Outcrop H: Collected artefact/s (Zone 50J, GDA94). 

Artefact ID MGA mE MGA mN Description Location 

0833-H-S21-A93 582848 7027745 BIF – Complete flake Adjacent the sampled cobbles. Same 
colour as that produced by initial flaking. 

0833-H-S21-A96 582845 7027746 BIF – Complete flake Approx. 5m south of sampled cobble. 
Same colour. 

  

   
Appendix Figure 57. Weld-QA-0833, Outcrop H: Collected artefacts 0833-H-S21-A93 (left) and 0833-H-S21-A96 

(right, scale = 10 cm). 
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WELD-QA-0833, OUTCROP J 

Location 
Appendix Table 33. Weld-QA-0833, Outcrop J: Centre coordinate (Zone 50J, GDA94). 

MGA mE MGA mN 

582815 7027675 

 

Description 
Weld-QA-0833, Outcrop J comprises dark grey, iron-rich tabular BIF cobbles up to 0.5 

m in maximum dimension on the southern side of an approx. 1.2 m high tabular BIF 

exposure. It is located some 150 m northwest of a southwest-northeast flowing 

seasonal creek. 

Appendix Table 34. Weld-QA-0833, Outcrop J: Summary details. 

Raw material 
type 

Outcrop Surrounding 
cobbles 

# of cobbles 
tested Type Description Max. height (m) 

BIF Cobbles Tabular 0.5 Tabular 2 

 

 
Appendix Figure 58. Weld-QA-0833, Outcrop J: View north (scale = 10 cm). 
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Field collections 
Appendix Table 35. Weld-QA-0833, Outcrop J: Tool-stone sample/s (Zone 50J, GDA94). 

Sample ID MGA mE MGA mN Description # of test strikes 

0833-J-S19 582815 7027675 BIF (fine-grained, iron-rich and grey/ 
black) tabular cobble.  

1 

0833-J-S20 582812 7027676 BIF (fine-grained, iron-rich and grey/ 
black) tabular cobble. 

1 

 

  
Appendix Figure 59.  Weld-QA-0833, Outcrop J: Tool-stone sample 0833-J-S19 (left) and 0833-J-S20 (right, scale 

= 10 cm). 
 

Appendix Table 36. Weld-QA-0833, Outcrop J: Collected artefact/s (Zone 50J, GDA94). 

Artefact ID MGA mE MGA mN Description Location 

0833-J-S19-A91 582815 7027675 BIF (fine-grained, 
iron-rich) – Complete 
flake 

Approx. 2m south of the sampled 
cobble. Same colour and grain. Also 
relate to S20. 

0833-J-S19-A92 582815 7027675 BIF (fine-grained, 
iron-rich) – Complete 
flake 

Approx. 2m south of the sampled 
cobble. Same colour and grain. Also 
relate to S20. 

 

    
Appendix Figure 60. Weld-QA-0833, Outcrop J: Collected artefacts 0833-J-S19-A91 (left) and 0833-J-S19-A92 

(right, scale = 10 cm). 
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WELD-Q-0987, OUTCROP A 

Location 
Appendix Table 37. Weld-Q-0987, Outcrop A: Centre coordinate (Zone 50J, GDA94). 

MGA mE MGA mN 

569902 7026506 

 

Description 
Weld-Q-0987, Outcrop A comprises large dolerite boulders up to a height of 2 m 

located on the southern side of a low rise some 2 km north of the Weld Range. Sub-

rounded and sub-angular cobbles of dolerite extend throughout.  

Appendix Table 38. Weld-Q-0987, Outcrop A: Summary details. 

Raw material 
type 

Outcrop Surrounding 
cobbles 

# of cobbles 
tested Type Description Max. height (m) 

Dolerite Exposed outcrop/ 
boulders 

Sub-angular 2 Sub-rounded/ 
sub-angular 

3 

 

 
Appendix Figure 61. Weld-Q-0987, Outcrop A: View west (l-r: Mike Weir and Brian Jones). 
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Field collections 
Appendix Table 39. Weld-Q-0987, Outcrop A: Tool-stone sample/s (Zone 50J, GDA94). 

Sample ID MGA mE MGA mN Description # of test strikes 

0987-A-S34 569902 7026506 Dolerite cobble 1 

0987-A-S35 569903 7026504 Dolerite cobble 2 

 

  
Appendix Figure 62. Weld-Q-0987, Outcrop A: Tool-stone sample 0987-A-S34 (left) and 0987-A-S35 (right, scale 

= 10 cm). 
 

Appendix Table 40. Weld-Q-0987, Outcrop A: Collected artefact/s (Zone 50J, GDA94). 

Artefact ID MGA mE MGA mN Description Location 

0987-A-S35-A139 569905 7026504 Dolerite – 
Longitudinally broken 
flake 

Located 3 m east of the sampled cobble. 
Same material. Also same material as 
S34. 

0987-A-S35-A140 569905 7026504 Dolerite – 
Longitudinally broken 
flake 

Located 3 m east of the sampled cobble. 
Same material. Also same material as 
S34. 

 

   
Appendix Figure 63. Weld-Q-0987, Outcrop A: Collected artefacts 0987-A-S35-A139 (left) and 0987-A-S35-A140 

(right, scale = 10 cm). 
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WELD-QA-09109, OUTCROP A 

Location 
Appendix Table 41. Weld-QA-09109, Outcrop A: Centre coordinate (Zone 50J, GDA94). 

MGA mE MGA mN 

579450 7029322 

 

Description 
Weld-QA-09109, Outcrop A comprises a sub-rounded, tabular exposure of a mottled 

white and brown BIF rising to a height of 0.3 m and surrounded by sub-angular 

cobbles. It is located at the top of a northeast-southwest aligned BIF ridge immediately 

south of a low BIF rise.  

Appendix Table 42. Weld-QA-09109, Outcrop A: Summary details. 

Raw material 
type 

Outcrop Surrounding 
cobbles 

# of cobbles 
tested Type Description Max. height (m) 

BIF Exposed outcrop Sub-rounded/ 
tabular 

0.4 Sub-angular/ 
sub-rounded 

1 

 

 
Appendix Figure 64. Weld-QA-09109, Outcrop A: View south. 
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Field collections 
Appendix Table 43. Weld-QA-09109, Outcrop A: Tool-stone sample/s (Zone 50J, GDA94). 

Sample ID MGA mE MGA mN Description # of test strikes 

09109-A-S27 579450 7029322 Mottled brown and white BIF 1 

 

 
Appendix Figure 65. Weld-QA-09109, Outcrop A: Tool-stone sample 09109-A-S27 (scale = 10 cm). 

 

Appendix Table 44. Weld-QA-09109, Outcrop A: Collected artefact/s (Zone 50J, GDA94). 

Artefact ID MGA mE MGA mN Description Location 

09109-A-S27-A111 579449 7029321 BIF (brown) – 
Complete flake 

Adjacent the sampled cobbles. Same 
colour as that produced by initial flaking. 

09109-A-S27-A112 579449 7029321 BIF (brown) – 
Complete flake 

Adjacent the sampled cobbles. Same 
colour as that produced by initial flaking. 

 

  
Appendix Figure 66. Weld-QA-09109, Outcrop A: Collected artefacts 09109-A-S27-A111 (left) and 09109-A-S27-

A112 (right, scale = 10 cm). 
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WELD-QA-09112, OUTCROP A 

Location 
Appendix Table 45. Weld-QA-09112, Outcrop A: Centre coordinate (Zone 50J, GDA94). 

MGA mE MGA mN 

579682 7029468 

 

Description 
Weld-QA-09112, Outcrop A is located towards the top of the northern slope of a 

northeast-southwest aligned BIF ridge. It comprises red, yellow, white and marbled 

grey seams of siliceous sediment within exposed, tabular BIF boulders that protrude up 

to 0.5 m out of the slope. These boulders are interbeded with less siliceous BIF. 

Angular and tabular cobbles occur throughout. 

Appendix Table 46. Weld-QA-09112, Outcrop A: Summary details. 

Raw material 
type 

Outcrop Surrounding 
cobbles 

# of cobbles 
tested Type Description Max. height (m) 

Siliceous 
sediment 

Exposed outcrop/ 
boulders 

Tabular 0.5 Angular/ tabular 3 

 

 
Appendix Figure 67. Weld-QA-09112, Outcrop A: View northeast. 
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Field collections 
Appendix Table 47. Weld-QA-09112, Outcrop A: Tool-stone sample/s (Zone 50J, GDA94). 

Sample ID MGA mE MGA mN Description # of test strikes 

09112-A-S26 579682 7029468 Yellow and white siliceous sediment 
cobble. 1 

 

 
Appendix Figure 68. Weld-QA-09112, Outcrop A: Tool-stone sample 09112-A-S26 (scale = 10 cm). 

 

Appendix Table 48. Weld-QA-09112, Outcrop A: Collected artefact/s (Zone 50J, GDA94). 

Artefact ID MGA mE MGA mN Description Location 

09112-A-S26-A48 579679 7029479 Siliceous sediment 
(red, banded, cherty) 
– Complete flake 

Flag bent around laterite immediately 
south of location. Located some 5 m 
north of sampled cobble and different 
colour than the collected artefact. 

09112-A-S26-A49 579681 7029469 Siliceous sediment 
(yellow, banded, 
cherty) – Single 
platform core 

Adjacent the sampled cobbles. Same 
colour as that produced by initial flaking. 

09112-A-S26-A50 579677 7029474 Siliceous sediment 
(red and grey, 
banded) – Complete 
flake 

Approx. 10 m west of the sampled 
cobble. Different colour but same 
geological formation. Illustrates 
variability. Pin flag 0.7m north of 
location. 

 

     
Appendix Figure 69. Weld-QA-09112, Outcrop A: Collected artefacts 09112-A-S26-A48 (left), 09112-A-S26-A49 

(centre) and 09112-A-S26-A50 (right, scale = 10 cm). 
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WELD-QA-09113, OUTCROP A 

Location 
Appendix Table 49. Weld-QA-09113, Outcrop A: Centre coordinate (Zone 50J, GDA94). 

MGA mE MGA mN 

567975 7028742 

 

Description 
Weld-QA-09113, Outcrop A comprises an exposure of banded chalcedony interbeded 

up to 0.4 m in height with BIF and surrounded angular and tabular cobbles. It is located 

on the northern slope of a northeast-southwest aligned BIF ridge. 

Appendix Table 50. Weld-QA-09113, Outcrop A: Summary details. 

Raw material 
type 

Outcrop Surrounding 
cobbles 

# of cobbles 
tested Type Description Max. height (m) 

Chalcedony Exposed outcrop Angular 0.4 Angular/ tabular 1 

 

 
Appendix Figure 70. Weld-QA-09113, Outcrop A: View north (Annie Carson). 
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Field collections 
Appendix Table 51. Weld-QA-09113, Outcrop A: Tool-stone sample/s (Zone 50J, GDA94). 

Sample ID MGA mE MGA mN Description # of test strikes 

09113-A-S30 567975 7028742 Banded chalcedony cobble 1 

 

 
Appendix Figure 71. Weld-QA-09113, Outcrop A: Tool-stone sample 09113-A-S30 (scale = 10 cm). 

  

Appendix Table 52. Weld-QA-09113, Outcrop A: Collected artefact/s (Zone 50J, GDA94). 

Artefact ID MGA mE MGA mN Description Location 

09113-S30-A42 576978 7028745 Chalcedony – 
Complete flake 

Located 5 m northeast of the sampled 
cobble. Similar material. Has grey 
bands. 

09113-S30-A41 576975 7028742 Chalcedony – 
Complete flake 

Adjacent the sampled cobble. Similar 
material. Less banding. 

 

    
Appendix Figure 72. Weld-QA-09113, Outcrop A: Collected artefacts 09113-S30-A42 (left) and 09113-S30-A41 

(right, scale = 10 cm). 
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WELD-QA-09136, OUTCROP A 

Location 
Appendix Table 53. Weld-QA-09136, Outcrop A: Centre coordinate (Zone 50J, GDA94). 

MGA mE MGA mN 

577707 7028817 

 

Description 
Weld-QA-09136, Outcrop A is located on top of a northeast-southwest aligned BIF 

ridge and comprises outcropping sub-angular boulders and cobbles with a maximum 

dimension of 0.3m. 

Appendix Table 54. Weld-QA-09136, Outcrop A: Summary details. 

Raw material 
type 

Outcrop Surrounding 
cobbles 

# of cobbles 
tested Type Description Max. height (m) 

Chalcedony/ 
siliceous 
sediment 

Boulders Sub-angular 0.3 Sub-angular 3 

 

 
Appendix Figure 73. Weld-QA-09136, Outcrop A: View north (Tape extended to 1 m). 
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Field collections 
Appendix Table 55. Weld-QA-09136, Outcrop A: Tool-stone sample/s (Zone 50J, GDA94). 

Sample ID MGA mE MGA mN Description # of test strikes 

09136-A-S28 577707 7028817 Grey/ yellow chalcedony cobble with 
weathered faults throughout 

1 

09136-A-S29 577710 7028821 Red/ purple siliceous sediment cobble 1 

 

  
Appendix Figure 74. Weld-QA-09136, Outcrop A: Tool-stone sample 09136-A-S28 (left) and 09136-A-S29 (right, 

scale = 10 cm). 
  

Appendix Table 56. Weld-QA-09136, Outcrop A: Collected artefact/s (Zone 50J, GDA94). 

Artefact ID MGA mE MGA mN Description Location 

09136-A-S29-A45 577702 7028820 Siliceous sediment 
(red/ purple) – 
Complete flake 

Located approx. 10 m south of sampled cobble. 
Same material. 

09136-A-S28-A46 577709 7028822 Siliceous sediment 
(brittle) – Complete 
flake 

Located 3 m to the northeast of the sampled 
cobble. A red SS material that also outcrops in 
this area. Illustrates the variability. Adjacent S29. 

09136-A-S28-A47 577707 7028817 Chalcedony – 
Complete flake 

Adjacent the sampled cobbles. Same colour as 
that produced by initial flaking.  

 

   
Appendix Figure 75. Weld-QA-09136, Outcrop A: Collected artefacts 09136-A-S29-A45 (left), 09136-A-S28-A46 

(centre) and 09136-A-S28-A47 (right, scale = 10 cm). 
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WELD-Q-10215, OUTCROP A 

Location 
Appendix Table 57. Weld-Q-10215, Outcrop A: Centre coordinate (Zone 50J, GDA94). 

 

 

Description 
Weld-Q-10215, Outcrop A is located at the top of a northeast-southwest aligned BIF 

ridge. It comprises a series of angular jaspilite and mudstone boulders up to 0.5 m in 

maximum dimension surrounded by angular cobbles.  

Appendix Table 58. Weld-Q-10215, Outcrop A: Summary details. 

Raw material 
type 

Outcrop Surrounding 
cobbles 

# of cobbles 
tested Type Description Max. height (m) 

Jaspilite Boulders Sub-angular 0.5 Sub-angular 1 

 

 
Appendix Figure 76. Weld-Q-10215, Outcrop A (scale = 10 cm). 

 

MGA mE MGA mN 

553024 7016262 
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Field collections 
Appendix Table 59. Weld-Q-10215, Outcrop A: Tool-stone sample/s (Zone 50J, GDA94). 

Sample ID MGA mE MGA mN Description # of test strikes 

10215-A-S38 553024 7016262 Very fine-grained jasperlite cobble with 
quartz inclusions and weathered faults 

2 

 

 
Appendix Figure 77. Weld-Q-10215, Outcrop A: Tool-stone sample (scale = 10 cm). 

  

Appendix Table 60. Weld-Q-10215, Outcrop A: Collected artefact/s (Zone 50J, GDA94). 

Artefact ID MGA mE MGA mN Description Location 

10215-A-S38-A69 553024 7016262 Jasperlite – 
Complete flake 

Adjacent the sampled cobble. Same 
material. 

10215-A-S38-A70 553024 7016262 Jasperlite – 
Complete flake 

Adjacent the sampled cobble. Same 
material. 

 

  
Appendix Figure 78. Weld-Q-10215, Outcrop A: Collected artefacts 10215-A-S38-A69 (left) and 10215-A-S38-A70 

(right, scale = 10 cm). 
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WELD-RSQA-10218, OUTCROP A 

Location 
Appendix Table 61. Weld-RSQA-10218, Outcrop A: Centre coordinate (Zone 50J, GDA94). 

 

 

Description 
Weld-RSQA-10218, Outcrop A comprises a purple, silcrete exposure with sub-angular 

boulders and cobbles up to 1 m in maximum dimension eroding down the southwestern 

slope a laterite spur that extends south from a northeast-southwest aligned BIF ridge.   

Appendix Table 62. Weld-RSQA-10218, Outcrop A: Summary details. 

Raw material 
type 

Outcrop Surrounding 
cobbles 

# of cobbles 
tested Type Description Max. height (m) 

Silcrete Exposed outcrop/ 
boulders 

Sub-angular 1 Sub-angular 2 

 

 
Appendix Figure 79. Weld-RSQA-10218, Outcrop A: Southwestern slope of laterite spur. 

 

MGA mE MGA mN 

553739 7016173 
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Field collections 
Appendix Table 63. Weld-RSQA-10218, Outcrop A: Tool-stone sample/s (Zone 50J, GDA94). 

Sample ID MGA mE MGA mN Description # of test strikes 

10218-A-S13 553739 7016173 Purple silcrete cobble split into smaller, 
manageable chunks. 

0 

10218-A-S14 553739 7016173 Purple silcrete cobble split into smaller, 
manageable chunks. 

0 

10218-A-S37 553739 7016173 Purple silcrete cobble split into smaller, 
manageable chunks. 

2 

 

 
Appendix Figure 80. Weld-RSQA-10218, Outcrop A: Tool-stone samples (scale = 10 cm). 

  

Appendix Table 64. Weld-RSQA-10218, Outcrop A: Collected artefact/s (Zone 50J, GDA94). 

Artefact ID MGA mE MGA mN Description Location 

10218-A-S37-A135 553739 7016173 Silcrete (purple) – 
Complete flake 

Located immediately up slope of the 
sampled cobble. Same material. 

10218-A-S37-A136 553739 7016172 Silcrete (purple) – 
Complete flake 

Located approx. 5m north from the 
sampled cobble. Same material. 

 

    
Appendix Figure 81. Weld-RSQA-10218, Outcrop A: Collected artefacts 10218-A-S37-A135 (left) and 10218-A-

S37-A136 (right, scale = 10 cm). 
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WELD-QARS-10245, OUTCROP A 

Location 
Appendix Table 65. Weld-QARS-10245, Outcrop A: Centre coordinate (Zone 50J, GDA94). 

 

 

Description 
Weld-QARS-10245, Outcrop A is located on a slight rise on the southern side of a 

deeply incised gully between two BIF ridges. Exposed tabular BIF outcrops and large 

angular BIF boulders form the northern and southern sides of a small swale. Quarried 

angular and tabular boulders occur throughout.  

Appendix Table 66. Weld-QARS-10245, Outcrop A: Summary details. 

Raw material 
type 

Outcrop Surrounding 
cobbles 

# of cobbles 
tested Type Description Max. height (m) 

BIF Exposed outcrop/ 
boulders 

Angular/ 
tabular 1 Angular/ tabular 3 

 

 
Appendix Figure 82. Weld-QARS-10245, Outcrop A: View south. 

 

 

MGA mE MGA mN 

550406 7015414 
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Field collections 
Appendix Table 67. Weld-QARS-10245, Outcrop A: Tool-stone sample/s (Zone 50J, GDA94). 

Sample ID MGA mE MGA mN Description # of test strikes 

10245-A-S39 550406 7015414 Yellow, brown BIF cobble, tabular. 1 

10245-A-S40 550400 7015414 Dark and light brown BIF cobble, tabular 2 

 

  
Appendix Figure 83. Weld-QARS-10245, Outcrop A: Tool-stone sample 10245-A-S39 (left) and 10245-A-S40 

(right, scale = 10 cm). 
  

Appendix Table 68. Weld-QARS-10245, Outcrop A: Collected artefact/s (Zone 50J, GDA94). 

Artefact ID MGA mE MGA mN Description Location 

10245-A-S39-A61 550400 7015417 BIF (brown) – 
Complete flake 

Located approx. 5m north of the 
sampled cobble. Same material. Also 
associated with S40. 

10245-A-S39-A62 550397 7015415 BIF (brown) – 
Complete flake 

Located approx. 3m west of the sampled 
cobble. Same material. Also associated 
with S40. 

 

  
Appendix Figure 84. Weld-QARS-10245, Outcrop A: Collected artefacts 10245-A-S39-A61 (left) and 10245-A-S39-

A62 (right, scale = 10 cm). 
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WELD-ARIELLA’S QUARRY-10270, OUTCROP A 

Location 
Appendix Table 69. Weld-Ariella’s Quarry-10270, Outcrop A: Centre coordinate (Zone 50J, GDA94). 

MGA mE MGA mN 

570090 7029712 

 

Description 
Weld-Ariella’s Quarry-10270, Outcrop A comprises an area approx. 80 m (NS) x 40 m 

(EW) of outcropping sub-rounded chert cobbles covered by a thick, pitted cortex with a 

maximum dimension of 0.5 m.  It is located on sandy flats covered by dense mulga 

scrub some 5 km north of the Weld Range.  

Appendix Table 70. Weld-Ariella’s Quarry-10270, Outcrop A: Summary details. 

Raw material 
type 

Outcrop Surrounding 
cobbles 

# of cobbles 
tested Type Description Max. height (m) 

Chert Cobbles Sub-rounded 0.5 Sub-rounded 4 

 

 
Appendix Figure 85. Weld-Ariella’s Quarry-10270, Outcrop A: View south (Tape extended to 1 m). 
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Field collections 
Appendix Table 71. Weld-Ariella’s Quarry-10270, Outcrop A: Tool-stone sample/s (Zone 50J, GDA94). 

Sample ID MGA mE MGA mN Description # of test strikes 

10270-A-S32 570090 7029712 Ariella's Chert cobble. Contains areas of 
ochre in the weathered cracks that criss-
cross this material. Highly variable. Thick 
cortex present. Only small areas of tool-
stone present. 

1 

10270-A-S33 570084 7029691 Less flawed and no yellow ochre noted on 
first initiation. Remaining information as 
above. 

2 

 

  
Appendix Figure 86. Weld-Ariella’s Quarry-10270, Outcrop A: Tool-stone sample 10270-A-S32 (left) and 10270-

A-S33 (right, scale = 10 cm). 

  

Appendix Table 72. Weld-Ariella’s Quarry-10270, Outcrop A: Collected artefact/s (Zone 50J, GDA94). 

Artefact ID MGA mE MGA mN Description Location 

10270-A-S33-A131 570077 7029694 Chert (brown) – Flake 
fragment proximal Located 5m northwest. Same material. 

10270-A-S33-A134 570077 7029694 Chert (brown) – Flake 
fragment proximal Located 5m northwest. Same material. 

10270-A-S32-A133 570104 7029711 Chert (purple) – 
Complete flake 

Located 10m east of S32 on the sandy 
flat area extending from the outcrop.  

10270-A-S32-A132 570090 7029711 Chert (brown) – 
Complete flake 

Adjacent the sampled cobble. Same 
material. 

 

   
Appendix Figure 87. Weld-Ariella’s Quarry-10270, Outcrop A: Collected artefacts 10270-A-S32-A132 (left), 

10270-A-S32-A133 (centre) and 10270-A-S33-A131 / 10270-A-S33-A134 (right, scale = 10 cm). 
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WELD-QA-11370, OUTCROP A 

Location 
Appendix Table 73. Weld-QA-11370, Outcrop A: Centre coordinate (Zone 50J, GDA94). 

MGA mE MGA mN 

569419 7027751 

 

Description 
Weld-QA-11370, Outcrop A is an exposure of tabular and banded, yellow, green and 

brown chert located on the gentle southern slope of a low rise. The exposure is very 

low with a maximum height of 0.2 m and is surrounded by occasional sub-angular and 

tabular cobbles.  

Appendix Table 74. Weld-QA-11370, Outcrop A: Summary details. 

Raw material 
type 

Outcrop Surrounding 
cobbles 

# of cobbles 
tested Type Description Max. height (m) 

Chert Exposed outcrop Tabular 0.2 Sub-angular 2 

 

 
Appendix Figure 88. Weld-QA-11370, Outcrop A: View east.  Pin flag marks the location of sampled artefact 

A137 and A138. 
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Field collections 
Appendix Table 75. Weld-QA-11370, Outcrop A: Tool-stone sample/s (Zone 50J, GDA94). 

Sample ID MGA mE MGA mN Description # of test strikes 

11370-A-S36 569419 7027751 Green and yellow banded chert cobble 1 

 

 
Appendix Figure 89. Weld-QA-11370, Outcrop A: Tool-stone sample 11370-A-S36 (scale = 10 cm). 

  

Appendix Table 76. Weld-QA-11370, Outcrop A: Collected artefact/s (Zone 50J, GDA94). 

Artefact ID MGA mE MGA mN Description Location 

11370-A-S36-A137 569438 7027761 Chert (banded green 
and brown) – 
Complete flake 

Located at an exhausted part of the 
outcrop 20 m east of sampled cobble. 
But same material as sampled. Very 
crazed but fine-grained material.  

11370-A-S36-A138 569438 7027761 Chert (banded green 
and brown) – Single 
platform core 

Located at an exhausted part of the 
outcrop 20 m east of sampled cobble. 
But same material as sampled. Crazed 
but fine-grained material.  

 

    
Appendix Figure 90. Weld-QA-11370, Outcrop A: Collected artefacts 11370-A-S36-A137 (left) and 11370-A-S36-

A138 (right, scale = 10 cm). 
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BREAKAWAY CAVES, OUTCROP A 

Location 
Appendix Table 77. Breakaway Caves, Outcrop A: Centre coordinate (Zone 50J, GDA94). 

 

 

Description 
Breakaway Caves, Outcrop A comprises outcropping white silcrete sub-rounded 

boulders and cobbles with a maximum dimension of 0.3 m in maximum dimension 

eroding from the duricrust capping and down the northern slope of a breakaway 

formation some 5 km north of the Weld Range.   

Appendix Table 78. Breakaway Caves, Outcrop A: Summary details. 

Raw material 
type 

Outcrop Surrounding 
cobbles 

# of cobbles 
tested Type Description Max. height (m) 

Silcrete Cobbles Sub-rounded 0.3 Sub-rounded 2 

 

 
Appendix Figure 91. Breakaway Caves, Outcrop A: View southeast. 

 

MGA mE MGA mN 

553739 7016173 
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Field collections 
Appendix Table 79. Breakaway Caves, Outcrop A: Tool-stone sample/s (Zone 50J, GDA94). 

Sample ID MGA mE MGA mN Description # of test strikes 

Breakaway Caves -
A-SVB48 

566687 7027428 White silcrete cobble 0 

Breakaway Caves -
A-SVB50 

566686 7027411 White silcrete cobble 0 

 

  
Appendix Figure 92. Breakaway Caves Outcrop A: Tool-stone samples Breakaway Caves -A-SVB48 (left), 

Breakaway Caves -A-SVB50 (right, scale = 10 cm). 
  

Appendix Table 80. Breakaway Caves, Outcrop A: Collected artefact/s (Zone 50J, GDA94). 

Artefact ID MGA mE MGA mN Description Location 

Breakaway Caves-
A- SVB49 566687 7027428 Silcrete (white) – 

Complete flake 
Located immediately west of sample. 
Same material. 

Breakaway Caves-
A- SVB51 566686 7027411 Silcrete (white) – 

Complete flake 
Located approx. 2m east of the sampled 
cobble. Same material. 

 

  
Appendix Figure 93. Breakaway Caves, Outcrop A: Collected artefacts Breakaway Caves-A-SVB49 (left) and 

Breakaway Caves-A-SVB51 (right, scale interval = 1 cm). 
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APPENDIX 4. RAW DATA 

DEPARTMENT OF ABORIGINAL AFFAIRS ABORIGINAL HERITAGE INQUIRY
SYSTEM, 10 KM SITE SEARCH, WELD RANGE, 10TH JANUARY 2013 

Note: 21 additional Other Heritage Places have been listed on the AHIS system since 10th January 2013. 

These were places recorded by Eureka and as such were already included in the Local Archaeology data set. 

WELD QUARRY SITE BOUNDARIES: DECEMBER 2007 – JANUARY 2013 

WELD SURVEYED AREAS: DECEMBER 2007 – JANUARY 2013 

WELD CORES: DECEMBER 2007 – JANUARY 2013 

WELD FLAKES: DECEMBER 2007 – JANUARY 

2013 WELD EXPERIMENTAL KNAPPING DATA 

NOTE: Appendix 4. Raw Data  available only with hardcopy of thesis.




