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ABSTRACT  
 

A picture is emerging from the Australian arid zone of varied patterns of human responses to 

the climatic and environmental oscillations of the Last Glacial Maximum (LGM, 24–18 ka). 

Archaeological evidence has been interpreted to suggest that Aboriginal populations retracted 

into more reliably resourced ‘refuges’ such as the Pilbara uplands in north-western Australia 

during this phase, with implied changes in mobility configurations. The nature of these changes 

is complex and requires investigating at a high-resolution scale as it is likely that localised 

environmental conditions and fluctuations strongly influenced human occupation patterns. 

However, there are few detailed analyses of human mobility in the Pilbara due to the paucity 

of archaeological sites with high-resolution chronologies, adequate understandings of site 

formation and sufficient cultural material spanning the periods of environmental change.  

This thesis examines Pleistocene rockshelter use and human movement through technological 

analysis of three high-resolution Pilbara lithic assemblages. A series of techniques, including 

quantification of geometric artefact attributes to distinguish artefact transport patterns, are used 

to identify human movement directly and suggest that the common characterisation of 

Aboriginal tool-stone use in the Pilbara uplands – of people expediently using materials within 

a lithic-rich landscape – is overstated. The results reveal a clear strategy of ‘individual 

provisioning’ during the Pleistocene, where highly mobile people transported selected cores 

over short distances across the uplands. Changes in rockshelter use and mobility patterns are 

identified through the Pleistocene and in particular, during the LGM, where they demonstrate 

a complex Pilbara upland configuration incorporating both territorial retraction and phases of 

expansion during more favourable conditions. These results provide an improved context for 

asking new questions about human movement from the formation of lithic assemblage 

patterning at rockshelters and provide substantial new knowledge about human adaptive 

strategies under enhanced arid conditions. These findings are significant for studies of human 

occupation in other arid landscapes, from the dry continental African deserts to the cold deserts 

that stretched across Eurasia during the LGM.  
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CHAPTER 1 INTRODUCTION 
 

 

HUNTER-GATHERER MOBILITY IN ARID ENVIRONMENTS 

Mobility refers generally to the movement of people across a landscape and is one of the 

defining characteristics of hunter-gatherers. Being highly mobile (i.e. moving camps regularly) 

served to connect hunter-gatherers living in arid environments to food, water, material and 

social resources that were often scarce and heterogeneously distributed through time and space 

(e.g. Binford 1980, 1990; Gould 1977; Hamilton et al. 2016; Kelly 1983, 2007; Parkington 

2001; Steward 1937). This behavioural flexibility enabled human populations to successfully 

reside in arid parts of Sahul, including north-western Australia (Figure 1.1), for over 50,000 

years (Allen and O'Connell 2014; Balme et al. 2009; Clarkson et al. 2017; Cropper and Law 

2018b; Hiscock and Wallis 2005; Marsh et al. 2018; McDonald et al. 2018c; Morse et al. 2014; 

Veth et al. 2017b). 

Although in most cases stone artefacts only form a small proportion of hunter-gatherer 

technology (Balme 2013), they comprise the most common archaeological remains of forager 

societies (Sellet 2006:222; Shott 1986). Because of this, the relationship between mobility and 

lithic technology plays a central role in mobility research. Human mobility is challenging to 

study archaeologically as there are few material correlates that can provide information on how 

far, why and how often groups moved across landscapes (Close 2000; Kelly 1992; Pintar and 

Rodríguez 2015:144). However, mobility is an important constraint on the design of stone tools 

and the size of technological inventories (Shott 1986:20; Torrence 1983:13). The degree and 

nature of mobility affects what people can carry with them, how resources and sites are used, 

and how social networks are organised and maintained, and this makes it possible to study 

mobility from archaeological remains in a systematic and structured way (Sellet 2013:383). 
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Figure 1.1. The Australian landmass showing the location of key early occupied sites. The Pilbara region is 
outlined in black and the Cape Range sub-region is outlined in grey (map based on figures in Allen and 
O’Connell 2014; Balme 2013. Land classification data from Commonwealth of Australia [Geoscience Australia] 
2010. Bathymetric data provided and compiled by Tom Whitley using Lambeck et al. 2014; Siddall et al. 2003; 
Waelbroeck et al. 2002; Yokoyama et al. 2001a).  

Stone artefact assemblages can reflect human behaviours including artefact transport, tool-

stone reduction, occupation intensity, tool-use and discard (Andrefsky 1994, 2008a, 2009; 

Binford 1979; Carr 1994; Clarkson 2007; Close 2000; Davies et al. 2018; Ditchfield 2016a; 

Hiscock 1988; Holdaway 2000; Holdaway and Stern 2004; Holdaway et al. 2010b; Kelly 1988; 

Kelly and Todd 1988; Kuhn 1994, 1995; MacDonald 2008; Nelson 1991; Parry and Kelly 

1987; Shott 1986, 1994; Shott and Nelson 2008:24; Smith 2006). These behaviours are 

structured by mobility strategies that are, in turn, influenced by higher order social and 

economic strategies (Nelson 1991). However, a wide range of other factors can affect 

assemblage variability, such as site activities, tool manufacturing techniques, the availability 

and quality of raw materials and site formation and post-depositional processes (e.g. Andrefsky 

1994; Ditchfield 2016a; Jochim 1989; Kuhn and Clark 2015; Schiffer 1996; Torrence 2001), 

and different causes can produce the same effect (Sellet 2006:223). These variables are often 

difficult to untangle. 
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Measures of mobility often contradict each other as they are context specific. For example, the 

presence of ‘non-local’ stone at a site is commonly used as a proxy for high mobility (Ambrose 

and Lorenz 1990; Ellis 2011; Pintar and Rodríguez 2015), and raw material diversity is often 

argued to reflect the number of locations visited by foragers and hence mobility and foraging 

range (e.g. Binford 1980; Clarkson 2008:305; Gould and Saggers 1985). However, in the case 

of the arid Pilbara region of north-western Australia (Figure 1.1), most Pleistocene dated sites 

are rockshelters in upland catchments where a variety of suitable tool-stone is locally available. 

Stone assemblages are typically low-density – reflecting very ephemeral rockshelter use – and 

contain few or no retouched tools. These factors limit the usefulness of commonly applied 

techniques involving tool design, curation and raw material distribution and diversity to infer 

mobility. New methods are clearly required to examine the variability in Pleistocene Pilbara 

assemblages and inform on mobility. In this thesis I address these issues by using a different 

approach to investigate Pleistocene human mobility. A series of complementary measures are 

applied to reconstruct artefact transport and infer mobility distance and mobility frequency at 

three inland Pilbara rockshelters. 

Accounts of historically known hunter-gatherers demonstrate that variation in mobility 

strategies is strongly related to the environment and availability of resources (e.g. Binford 

1980, 1990; Gould 1977; Kelly 1983, 2007; Parkington 2001; Steward 1937) but is also 

socially, culturally and politically determined (Kelly 2007; Kent 1996; Whallon 2006). Studies 

across the southern hemisphere deserts show similar narratives of human-environment 

interactions where broad-scale changes in past human occupation, foraging and mobility often 

appear concurrent with palaeoenvironmental proxies for climate change (Barberena et al. 2017; 

Smith 2013; Smith et al. 2005; Veth 1993; Wilkins et al. 2017). These correlations have 

contributed to important debates about the ways in which social and territorial organisation, 

mobility and human dispersals were shaped by arid environments and the extent of 

environmental ‘forcing’: the degree to which human decisions are reduced to environmental 

responses (see for example Frankel et al. 2013a; Head 1986; Hiscock and Wallis 2005; 

Holdaway et al. 2010b; Johnson 2014; Kelly 2007; Rockman and Steele 2003; Smith et al. 

2005; Veth et al. 2000; White 2011). 
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Australian arid zone archaeology forms a major part of global research on human-environment 

dynamics. Its long, continuous record of human occupation is highly suited for research into 

mobility strategies and other human adaptations in some of the world’s most arid environments. 

One period that is key to these debates is the Last Glacial Maximum (LGM, 24–18 ka, 

[Fitzsimmons et al. 2013; Mix et al. 2001; Reeves et al. 2013]), which has driven archaeological 

research in Australia for decades as the most significant climatic event affecting Aboriginal 

occupation (Hiscock 1988; Hughes et al. 2011; Lampert and Hughes 1987; O'Connor and Veth 

2006; O'Connor et al. 1993; Przywolnik 2005; Smith 2006, 2013; Thorley 1998a; Veth 1989, 

1993; Williams et al. 2013, 2014a, 2015). An extended arid period began at 30 ka and 

intensified in the north after 24 ka, with cooler temperatures (Barrows et al. 2001; Bowler and 

Wasson 1984; Hesse et al. 2004; Miller et al. 1997), reductions in precipitation and sea levels 

(Figure 1.1, Lambeck and Chappell 2001; Yokoyama et al. 2001a, 2001b) and with significant 

fluctuations in local climate and environment (e.g. Denniston et al. 2013a; English et al. 2001; 

Fitzsimmons et al. 2013; Petherick et al. 2008, 2011; Reeves et al. 2013; Rittenour et al. 2000; 

van der Kaars and De Deckker 2002; van der Kaars et al. 2006; Wallis 2018). A slow change 

to a warmer and more humid climate inland occurred after 18 ka as sea levels gradually rose. 

The Australian archaeological record suggests a varied pattern of human responses to these 

changes. Many sites present sequences with chronological, stratigraphic and/or cultural 

discontinuities bracketing the LGM or show a marked decrease in cultural material (Morse 

1993; Przywolnik 2005; Slack 2007; Smith 2013; Thorley 1998b; Veth 1993; Veth et al. 2017a, 

2017b). Conversely, some sites exhibit unequivocal evidence for continued site visits through 

the Pleistocene (Hiscock 1988; Maloney et al. 2018; Morse et al. 2014; Smith 2006, 2013; 

Williams et al. 2014a). This record has been interpreted to suggest that major contractions in 

settlement and population occurred within Australia’s interior as Aboriginal populations 

retracted into more reliably resourced ‘refuges’ – major desert uplands and riverine and gorge 

systems – with implied changes in mobility configurations (Fitzsimmons et al. 2015; Hiscock 

1988; Lampert and Hughes 1987; Marwick 2002b; Smith 1988, 2013; Veth 1989, 1993; 

Williams et al. 2013, 2015).  

Continued assessment of continental models of regional abandonment, refugia and desert 

transformations remain key to debates of human occupation during the LGM in Australia, but 

the emphasis is now moving to detailed regional and site-specific reconstructions of 

palaeoenvironment, mobility and subsistence (e.g. Maloney et al. 2018; Veth et al. 2017b). 
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Comparison of cultural material from before, during and after this phase is required to examine 

whether occupation and mobility patterns have changed through time. However, few sites in 

Australia have provided sufficient temporal resolution or cultural assemblages spanning the 

LGM. Until very recently, this was the case in the Pilbara, and as a result, there has not been 

adequate research that examines Pleistocene human movement and land-use across the 

uplands. In this thesis, I explore ideas of continuity and change in rockshelter use, human 

technological behaviours and mobility before, during and after the LGM in the inland Pilbara. 

These themes are investigated at different scales: from individual site records to regional 

datasets. Understanding the extent of human movement across arid landscapes during 

environmental oscillations is key to debates about human adaptability and how an appropriate 

integration of environmental data with broader archaeological agendas might be achieved 

(Frankel et al. 2013b:2). 

THE PILBARA UPLANDS, NORTH-WESTERN AUSTRALIA 

In this section a brief overview of the study area is provided to highlight gaps in knowledge 

and areas of further work required. The arid Pilbara region of north-western Australia (Figure 

1.2) is ideal for investigations of arid zone adaptability and human-environment dynamics 

because of its landscape diversity and its deep-time and relatively extensive Pleistocene 

archaeological record. The northern section of the Carnarvon bioregion (Cape Range sub-

region, Figure 1.1) is included with the Pilbara as part of the study area as it was a shared 

cultural landscape for much of prehistory and holds relevance for interpretations of inland 

Pilbara archaeology. Much of the region comprises upland ranges – modelled as refugia – with 

variably distributed water sources. These uplands have been occupied by Aboriginal people for 

at least 50,000 years (Veth et al. 2017b), during which time climate and environment fluctuated 

markedly.  
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Figure 1.2. Study area showing major landscape features and location of the three rockshelters investigated for 
this research (elevation data from Commonwealth of Australia [Geoscience Australia] 2011. Bathymetric data 
provided and compiled by Tom Whitley using Lambeck et al. 2014; Siddall et al. 2003; Waelbroeck et al. 2002; 
Yokoyama et al. 2001a). 

Pleistocene climate and environment in the Pilbara are predominantly inferred from a deep-sea 

core off the coast of Cape Range (van der Kaars and De Deckker 2002; van der Kaars et al. 

2006) and from proxies in other parts of the Australian arid zone, which demonstrate significant 

local, regional and inter-regional environmental variability during the late Pleistocene 

(Fitzsimmons et al. 2013; Maloney et al. 2018; Vannieuwenhuyse et al. 2017; Veth et al. 2016). 

Patterns of human behaviour then, were most likely more variable than has been previously 

modelled. Local palaeoenvironmental records are critical to understanding the interplay 

between humans and their environment but have only very recently become available in the 

inland Pilbara (Herries 2018; McDowell 2018; Veth et al. 2017b; Wallis 2018). These results 

are still only very preliminary. The paucity of local records, and sometimes contradictory 

continental data, has resulted in Pilbara researchers using different age ranges for the LGM. 

For example, Slack et al. (2017) define the LGM in the Hamersley Range as an extended period 

between 33,000 and 20,400 years ago, as during that time virtually no summer rainfall is 

recorded off the coast of Cape Range (van der Kaars and De Deckker 2002; van der Kaars et 

al. 2006). However, proxies across arid Australia indicate that the most arid phase spans the 
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period 24/22 – 18 ka (Fitzsimmons et al. 2013; Mix et al. 2001; Reeves et al. 2013: and see 

Chapter 5). In this thesis, the term ‘LGM’ refers to this hyper arid period for the northern arid 

zone. 

The Pleistocene archaeological record for the Pilbara is largely derived from heritage 

compliance work undertaken by consultancy companies. The majority of sites recorded are 

open surface scatters while excavation is comparatively rare. Excavations in many sites are 

small (e.g. one or two square metre test pits) and chronological resolution is very low. These 

factors make it difficult to reconstruct Aboriginal occupation beyond correlating cultural 

material with dates to argue that people were in a region at a particular time. More recent 

excavations of Pilbara rockshelters and caves (heritage compliance and research projects) are 

larger in scale and involve more detailed examinations of site formation and post-depositional 

processes (e.g. Cropper and Law 2018b; Marsh et al. 2018; Reynen et al. 2018; Veth et al. 

2017b): these include the three sites investigated for the research presented here. The Pilbara 

record displays unambiguous evidence for LGM occupation in the uplands (Cropper and Law 

2018b; Marsh et al. 2018; Marwick 2002b; Morse et al. 2014; Slack et al. 2009, 2017; Veitch 

et al. 2005). Several sites display changes in artefact discard rates and raw material proportions 

during the height of glacial aridity, which are interpreted to indicate territorial reorganisation 

and/or changes in foraging ranges and mobility (Marsh et al. 2018; Marwick 2002a, 2002b; 

Slack et al. 2009). Aboriginal groups are generally labelled as “highly residentially mobile” 

throughout the uplands, and indeed, the Australian arid zone, largely because of the low artefact 

discard and low artefact assemblage diversity characterising most Pleistocene sites. However, 

this category lumps together a range of different mobility configurations which would have 

spatially and temporally varied. Indeed, LGM stone assemblages in the Pilbara have not yet 

been examined together to identify patterns and contrasts in rockshelter use and technological 

organisation across the uplands. There is currently a paucity of site-based mobility research 

and therefore of archaeological evidence pointing to changes in mobility during the LGM.  

The mobility-lithics relationship in the Pleistocene Pilbara is complicated by the skew in the 

archaeological record towards rockshelters and caves (n=27) rather than open-air sites (n=1). 

Rockshelters, caves and open-air sites have different features and values that attracted people 

to them and were clearly used in different ways. Lithic assemblages found in rockshelters and 

caves therefore tell a different story to open-air site assemblages. Additionally, research on 

open-air site assemblages in other parts of the world (e.g. Mackay et al. 2014b) has shown that 
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gaps in rockshelter records do not always reflect a lack of regional occupation but can instead 

indicate a re-organisation of land-use towards open contexts. Other processes such as erosion, 

for which there is plenty of evidence for in the Pilbara and the adjacent Kimberley region, are 

also causes of discontinuous rockshelter records (Balme et al. 2018). Until more open-air 

Pleistocene sites are excavated, we need to find ways to make rockshelters and caves “speak” 

for larger regional settlement systems (Straus 1990). This project ultimately seeks to place 

rockshelter and cave sites within wider systems of regional land use, to understand their roles 

in changing human-environment relations through the Pleistocene.  

PROJECT AIM AND SCOPE 

This project aims to gain new insights into Pleistocene rockshelter use and human mobility in 

the inland Pilbara, north-western Australia, through the analysis of lithic assemblages from 

three major sites located in different parts of the Pilbara uplands (Figure 1.2). This project seeks 

to answer the following research questions: 

1. What do the lithic assemblages at Juukan 2, Murujuga Rockshelter and Yurlu Kankala 

suggest about Pleistocene human mobility patterns?  

2. Is there any evidence for changes in rockshelter use through the Pleistocene? 

3. What, if any, assemblage traits might represent behavioural responses to 

environmental change during the Pleistocene? 

Juukan 2 was first excavated in 2008 as part of heritage consultancy work by Scarp 

Archaeology and Puuntu Kunti Kurruma and Pinnikura Traditional Owners (Slack et al. 2009). 

Large-scale salvage excavation of the rockshelter was undertaken in 2014. Murujuga 

Rockshelter was excavated in 2014 and 2015 by the University of Western Australia (UWA) 

and Murujuga Aboriginal Corporation (MAC) as part of an Australian Research Council 

(ARC) Linkage project (#LP140100397, McDonald et al. 2018a). I participated in the 2015 

excavation of this rockshelter. Yurlu Kankala was excavated by Njamal Traditional Owners, 

consultant archaeologists from Big Island Research (including myself) and archaeologists from 

UWA in 2013 (Morse et al. 2014) and 2014 (Reynen et al. 2018). All three sites contain 

Pleistocene sequences with unambiguous evidence for LGM site visits. In particular, Juukan 2 

and Yurlu Kankala contain long and high-resolution chronological sequences that span the pre-
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glacial to post-glacial phases, allowing for comparison of cultural material through phases of 

environmental change.  

This project focuses on the lithic assemblages recovered from each site. Other investigations 

of cultural material from these sites are included in site interpretations where available. The 

stone assemblages are analysed using an organisation of technology approach, supported by 

insights from human behavioural ecology (HBE, Bettinger 1987; Binford 1978, 1980; Carr 

1994; Kelly 1983; Lin et al. 2015; Nelson 1991; Sellet et al. 2006; Shott 1986; Winterhalder et 

al. 1981). Although definitions of the technological organisation framework vary, researchers 

agree that its ultimate goal is to determine ‘how technological changes reflect large-scale 

behavioural changes in prehistoric societies’ (Kelly 1988:717). This research aims to identify 

the predominant patterns of technological behaviour structuring the material record. 

Rockshelters and caves are primarily comprised of palimpsests: time-averaged deposits 

accrued over the course of hundreds or thousands of years which are liable to mixing and 

disturbance by both human activities and natural processes (Bailey and Galanidou 2009; Straus 

1990). These perceived limitations make it difficult to study individual movement or single 

occupations. However, palimpsests do permit the identification of long-term patterns that are 

only apparent when large numbers of events are combined in repeated and patterned ways 

(Dibble and Rolland 1990).  

Mobility is challenging to study archaeologically from only a few sites because hunter-

gatherers constantly moved across landscapes and varied their activities in time and space. 

Here, mobility frequency and distance are reconstructed through the quantification of artefact 

transport and relative occupation duration. These behaviours are identifiable at a site-based 

scale and provide the ability to compare phases of intra- and inter- site use by highly 

residentially mobile groups. Initially I review the applicability of commonly used mobility 

measures to Pilbara Pleistocene stone assemblages. Many studies use stone tools or entire lithic 

assemblages to explore conceptual reconstructions of past human movement such as residential 

or logistical mobility (e.g. Barton 2008; Barton and Riel-Salvatore 2016; Binford 1980, 1982; 

Kelly 1988; Pasqualini et al. 2016; Riel-Salvatore and Barton 2004). Others focus on 

‘archaeological mobility’: direct evidence for the act of moving (Close 2000). This includes 

recent innovative research that quantifies the movement of artefacts using geometric attributes 

to deduce what is missing or has been added to an assemblage (Dibble et al. 2005; Ditchfield 

2016a; Ditchfield et al. 2014; Douglass and Holdaway 2011; Douglass et al. 2008; Holdaway 
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et al. 2015; Lin et al. 2015; Phillipps and Holdaway 2016). Using an experimental assemblage, 

Ditchfield (2016a) has recently demonstrated that volume and cortex ratios, flake to core ratio, 

non-cortical to cortical core ratio, and flake and core diminution tests all change in concert with 

different transport scenarios. Once the effects of artefact transport on assemblage formation is 

known, inferences on mobile toolkits, provisioning strategies (Kuhn 1994, 1995) and 

occupation duration can be made. As part of his doctoral research, Ditchfield has used these 

techniques to investigate assemblage formation and mobility at Pleistocene and Holocene sites 

in the adjacent coastal Carnarvon region (Ditchfield 2017). This research is not yet published 

and is not discussed any further here.  

These techniques are applied to the Juukan 2 stone assemblage as a test study to evaluate the 

utility of transport indices for reconstructing inland Pilbara transport scenarios. Juukan 2 is 

profiled because of its large lithic assemblage and because of the extensive section (15 sq. m) 

of the rockshelter that was excavated. The results of the Juukan 2 transport test study are used 

to further understand assemblage patterning at Murujuga Rockshelter and Yurlu Kankala. This 

study is complemented with independent reduction analyses using recorded metric and 

technological flake and core attributes. Raw material selection, assemblage composition, flake 

utility and tool-use are also examined. Mobility measures are tested and validated through 

contextual observation and against each other to strengthen inferences made and reveal 

ambiguities. The results from the three rockshelters are synthesised with the regional Pilbara 

record. Technological organisation and mobility – two adaptive hunter-gatherer behaviors – 

are then assessed together to examine human responses to environmental change during the 

LGM.  

Several limitations to this research are noted from the start. Geochemical sourcing work and 

comprehensive survey of the surrounding uplands for tool-stone sources were outside the scope 

of this project. Distance to source can therefore only be inferred from the assemblages 

themselves. Additionally, some investigations of other cultural material at Juukan 2 and Yurlu 

Kankala are ongoing and are not discussed further here. These include anthracology work at 

Yurlu Kankala and detailed faunal identification and pollen analysis at Juukan 2 to produce 

local palaeoenvironmental records. Modelling local environmental conditions during the LGM 

is an important step in assessing if and how these conditions may have constrained and 

conditioned hunter-gatherer choices. However, as discussed above, the inland Pilbara contains 

very few terrestrial palaeoenvironmental records. Recently available data is reviewed here to 
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provide a better indication of broad-scale environment and environmental changes, but it is 

acknowledged that there is still a great need for high-resolution and continuous terrestrial 

palaeoenvironmental data from archaeological sites.  

SIGNIFICANCE OF THE STUDY 

This research contributes to mobility studies and desert archaeology through the application of 

a different method for examining Pleistocene human movement in the inland arid Pilbara. In 

doing so, the study demonstrates the usefulness of heritage industry derived archaeology (when 

adequately audited) in contributing to research questions with global implications. Global 

debates around appropriate methodology in lithic mobility studies are addressed by evaluating 

the utility of a range of mobility measures and exploring some of the underlying causes of 

variation within stone artefact assemblages. Although the focus here is on arid zone 

archaeology, the results and implications of this mobility study are widely transferable to other 

places and contexts.  

Further, this project expands on understandings of Pleistocene technological organisation in 

Australia and provides substantial new knowledge about human adaptive strategies under 

enhanced arid conditions. Broad-scale continental models of LGM occupation – in particular, 

the concept of uplands as ‘refuges’ – are tested with multiple high-resolution occupation 

sequences across different parts of the Pilbara uplands for the first time. The research fits into 

current international debates around the extent to which hunter-gatherers, particularly arid zone 

groups, exercised social agency or are behaviourally coupled with significant changes in 

climate and environment. These findings are significant to studies of human occupation in other 

arid landscapes, from the dry continental African deserts to the cold deserts that stretched 

across Eurasia during the LGM.  

OVERVIEW OF THE THESIS  

This thesis is organised as follows: 

Chapter 2 examines the concept of hunter-gatherer mobility in detail and assesses the 

theoretical frameworks that are used to explore past human movement in arid environments. 

The definition and framework for mobility used in this thesis is outlined here. The second half 
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of the chapter discusses Aboriginal settlement and human movement during the LGM in 

Australia. Chapter 3 contextualises the research by introducing the study area, its cultural 

context and its current and past environment. The chapter concludes with some observations 

and implications of changing environments on patterns of past human movement in the Pilbara.  

In Chapter 4 the current evidence for Pleistocene rockshelter use and human mobility in the 

Pilbara is assessed. Problems and weaknesses in the available data, with an emphasis on those 

relating to the LGM, and mobility interpretations more generally, are identified. I argue here 

that a fresh approach to inferring Pleistocene human mobility patterns from inland Pilbara 

rockshelters is required. Chapter 5 evaluates, through selective reference to representative 

literature, the key methods used to infer past human movement from stone artefacts and 

assemblages under the organisation of technology framework. Throughout this chapter the 

most appropriate measures for analysis of Pilbara stone assemblages are assessed. In Chapter 

6, the methods used in this research to identify patterns of rockshelter use and human movement 

are detailed.  

Chapters 7 to 10 present the results of the lithic analyses from Juukan 2, Murujuga Rockshelter 

and Yurlu Kankala. In each chapter the geological and environmental context of the site and 

excavation is described, followed by the lithic analysis and finally, a summary of the sites’ 

occupation history. The Juukan 2 investigation is divided into two chapters (Chapters 7 and 8) 

to encompass the expanded artefact transport test study. Chapter 7 describes the cultural, 

geological and environmental context of Juukan 2 rockshelter. The rockshelter excavation 

methods are detailed in the second part of the chapter which is followed by a discussion on 

stratigraphy, chronology and a summary of cultural materials found. In Chapter 8 I present the 

lithic analysis from the site. The Murujuga Rockshelter (Chapter 9) and Yurlu Kankala 

(Chapter 10) results are presented in single chapters. These results are brought together in 

Chapter 11 where they are synthesised with the Pilbara Pleistocene regional record. In this 

concluding chapter I return to my aim and research questions. New evidence and interpretive 

frameworks for Pleistocene human movement from the three sites are discussed together with 

the implications of the identified changes in rockshelter use and mobility patterns during the 

LGM. The methodological contribution of this project to other studies of human mobility and 

its potential to contribute to studies of human occupation in other arid landscapes is 

demonstrated. I conclude by offering some further avenues for research in arid Australia and 

other desert landscapes.  
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A NOTE ON RADIOCARBON DATES 

All new and existing radiocarbon dates in this thesis are calibrated using OxCal 4.2 (Bronk 

Ramsey 2009a) and the SHCal13: Southern Hemisphere calibration curve (Hogg 2013). Shell 

dates were calibrated using Marine13 (Reimer et al. 2013) plus a regional offset ∆R correction 

of 58±17 (O'Connor et al. 2010). Calibrated radiocarbon dates are presented as ‘cal ka BP’ or 

‘cal BP’. Age estimates are bracketed at 95.4% probability for accuracy.  
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CHAPTER 2 THE ARCHAEOLOGY OF 

HUMAN MOVEMENT: A THEORETICAL 

FOUNDATION  
 

 

Although hunter-gatherers are often defined by their economy, the societies that are 

encompassed by this term vary along every dimension of socio-economic assessment (Kelly 

2007; Kuhn and Stiner 2001; Winterhalder 2001). Although the study of mobility has been part 

of modern forager studies for many years (e.g. Lee and DeVore 1968), research in the 1970s 

and 1980s (Binford 1980; Kelly 1983; Oswalt 1974; Shott 1986; Yellen 1977) and the 

development of human behavioural ecology (HBE, e.g. Winterhalder 1986; Winterhalder et al. 

1981) provided ethnographic and archaeological applications of mobility with a critical 

methodological footing. Understanding how spatial and temporal variation in mobility 

mediates the content and structure of the material record became a central interest for 

researchers (e.g. Ambrose and Lorenz 1990; Binford 1980; Elston 1990; Kelly 1983, 2007; 

Lampert 1971; McBryde 1977; Mulvaney and Golson 1971; Shott 1986). 

In this chapter the main body of theory underpinning hunter-gatherer mobility studies is 

reviewed to examine the concept of mobility and to provide the theoretical framework for this 

research. The first section presents a broad overview of how general concepts from HBE are 

used to define and investigate human mobility. In the next section, a selection of several key 

mobility models that largely emerged from processual, or ‘New Archaeology’ in the 1960s, are 

reviewed. I examine the usefulness of these approaches for identifying time-averaged human 

movement in Pleistocene arid Australia and outline the definition and framework for mobility 

used in this thesis. Aboriginal settlement and human movement in arid Australia are then 

discussed, with a focus on models pertaining to human movement during the LGM.  
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MOBILITY AND HUMAN BEHAVIOURAL ECOLOGY  

Behavioural ecology emerged in the 1960s as a subset of evolutionary ecology which sought 

to understand variation in the behaviour of organisms (Bird and O'Connell 2006; Codding and 

Bird 2015; Shennan 2012; Smith and Winterhalder 1992). Anthropologists and archaeologists 

recognised the usefulness of these frameworks and began to apply them in the study of present 

and past human behaviour through HBE. HBE provides a conceptual framework for examining 

how and why hunter-gatherers make decisions about interacting with their environment and 

why certain patterns of behaviour have emerged and continue to persist (Bird and O'Connell 

2006:144; Cannon and Broughton 2010:1; Clark and Riel-Salvatore 2006:31; Kelly 2007:63; 

Surovell 2009; Weber et al. 2013:11). HBE behavioural models can provide important insights 

into mobility as they seek to understand the decisions that foragers make about when and where 

to forage, how long to stay in a particular resource patch or to pursue prey and what to transport 

back to the camp (Bird and O'Connell 2012:43; Kelly 2007:53; Nelson 1991:60; Shennan 

2012:30–31; Smith et al. 1983:626; Surovell 2009; Winterhalder 1996:48, 2001; Winterhalder 

and Alden Smith 2000; Winterhalder et al. 1981). Many foraging models used by 

archaeologists to study mobility are informal and make low level propositions resulting from 

verbal arguments, such as differences in mobility in relation to resource abundance and 

resource patchiness, which are then tested against ethnographic and/or archaeological cases 

(see examples below, and Bamforth and Becker 2000; Binford 1980; Clarkson 2007:10; Grove 

2009:224; Harpending and Davis 1977; Jochim 1981; Kelly 1983, 2007; Surovell 2009:10; 

Williams 2012).  

One common criticism of HBE models is that they can be too narrow to interpret many of the 

complexities of human society (Bamforth 2002; Bird and O'Connell 2012:41; Smith et al. 

1983:637). Indeed, some models simplify human behaviour to ‘seeking optimisation’ of 

calories and other currencies (Ambrose and Lorenz 1990:8; Bird and O'Connell 2006; 

Winterhalder 2001:14), which can remove individual and group agency from interpretations 

and therefore ‘people’ from the equation. Polarising social and economic models as opposite 

extremes can be superficial or misleading as many approaches to past mobility and settlement 

have integrated these two areas (Sheridan and Bailey 1981:3; Veth et al. 2000). However, there 

is a definite preference towards economic interpretations and a lack of integration between 

social and ecological approaches, both at the theoretical and methodological level. HBE 

frameworks can be used to address other issues than hunter-gatherer foraging and subsistence 
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such as the material correlates of social status, early human social organisation and the 

development of social hierarchies (Bird and O'Connell 2006:144). However, these types of 

studies are rare, because, compared to economic or environmental drivers, it is difficult to 

identify and measure social drivers. As illustrated below, it is possible to consider and offer 

plausible alternative (non-economic or non-environmental) drivers on human movement. 

When critically applied, ecological modelling has been shown to have great utility for 

archaeological studies that seek to construct dynamic and holistic models of past human 

behaviour (e.g. Blades 2001; Clarkson 2007; Hiscock 1988; Holdaway et al. 2013; Kuhn 1995; 

Mackay 2009; Sellet et al. 2006; Veth 1993). In the next section the key models used to define 

and infer mobility using theoretical concepts from HBE are evaluated. 

MODELLING MOBILITY 

This project is concerned with archaeological expressions of mobility, but the movement of 

hunter-gatherers has been observed and quantified primarily through ethnographic research. 

The number of moves per year, distance of task-specific trips and distance moved between 

camps are modelled in relation to environmental and cultural variables such as latitude, annual 

rainfall, storage, technology and social networks (e.g. Binford 1983, 2001; Grove 2009; Jochim 

1976; Kelly 2007; MacDonald et al. 1999; Shott 1986; Surovell 2009; Whallon 2006). Most 

studies emphasise the connection between hunter-gatherer mobility and habitat quality and 

resource structure (Binford 2001; Dyson-Hudson and Smith 1978; Grove 2009; Hamilton et al. 

2016; Harpending and Davis 1977; Horn 1968; Kelly 1983, 2007). The focus on subsistence is 

partly driven by ethnographic recording of camp group movements rather than individual 

movements, and the nature of hunter-gatherer archaeology, where subsistence and residence 

related movement is clearly visible (MacDonald et al. 1999:501).  

Binford (1978, 1979, 1980, 1982) aimed to understand different aspects of the hunter-gatherer 

decision making process using resource distribution as the prime mover of mobility. He 

categorised variation in hunter-gatherer settlement by identifying two distinct settlement-

subsistence systems: foraging and collecting. These are based on the type of mobility 

organisation (residential and logistical) practiced by a group. Residential mobility is the 

movement of all members of a group from one residential base to another as resources become 

available and are exploited in different areas at different times. This type of mobility brings 

people to resources. Foragers practice high residential mobility. Collectors exercise high 
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logistical mobility, where specially organised task groups are sent out on temporary trips from 

multi-purpose residential base camps. This strategy brings resources closer to people. Base 

camps are occupied by collectors who are relatively more sedentary, and food resources are 

often bought back in sufficient quantity to be stored. Although Binford (1980:12) intended 

foraging and collecting strategies as a continuum of movement patterns, they are often viewed 

as distinct categories (e.g. residential or logistical mobility) with distinct site types (Binford 

1980:9), from which indirect proxies for mobility have been developed and tested (e.g. Kelly 

1985; Parry and Kelly 1987). However, all Aboriginal people living in inland arid Australia – 

and indeed, foragers in many parts of the world – can be described as “highly residentially 

mobile” groups who practiced logistical mobility at different times. Using a single label to 

categorise mobility in archaeological contexts has the effect of masking the dynamic variability 

inherent in human movement and does not tell us much beyond a very basic understanding that 

people moved around a lot. 

Mobility is a positioning strategy which allows foragers to exploit foraging ranges around base 

camps on a daily basis (Binford 1982, 1983). This is known as the foraging radius (Figure 2.1). 

Groups who exploit resources more than a day away operate within a larger logistical range – 

the logistical radius. An emphasis on logistical foraging can be seen as a way of diminishing 

energetic outlay in foraging tasks as opportunistic trips undertaken by foragers making 

residential movements may involve a larger group including very old and very young people. 

Undertaking a task-specific trip with an appropriate number of active foragers will improve net 

returns. However, a logistical trip does involve a return trip which essentially doubles the time 

of a residential move (Mackay 2009:99). Foraging and logistical ranges are used over the 

course of a year, and correspond to an annual range, generally under 10,000 sq. km (Binford 

1982:7, 1983:36, 42; also see Sampson 1988). The extended range encompasses several annual 

ranges of each group. The lifetime range is the region that individuals live in over their lifetime. 

Kelly (1992:45) defined ‘long-term mobility’ as the circulation of a group through a series of 

annual ranges, perhaps every decade. Binford (1982) also described the visiting zone, an area 

contemporaneously occupied by trading partners, mating partners and relatives. 

Binford (1982) outlined three patterns of camp movement which are conditioned by a 

combination of mobility strategies and the natural resource base (Figure 2.1). In a half-radius 

continuous pattern, a highly mobile group will cover a broadly semi-circular foraging range 

before relocating to the outer edge of that range. The complete-radius leapfrog pattern of 
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movement occurs in high biomass environments, where a group exploits a circular foraging 

range. Residential camps are moved approximately twice beyond the foraging radius of the 

previous camp. In lower biomass areas, the point-to-point movement is common. In this setting, 

a group exploits a circular foraging area around a residential camp, before moving it well 

outside the logistical area without any overlap. In arid landscapes, this movement can occur 

from one water source or specific patch resource to another.  

 

Figure 2.1. Binford’s patterns of idealised residential camp movement (redrawn by Grove 2010:104 after 
Binford 1982:10). 

Binford’s movement strategies have been extensively used and further developed by other 

researchers through informal and formal HBE models (e.g. Amick 1996; Brantingham 2006; 

Costamagno et al. 2006; Hamilton et al. 2016; Kelly 2007; Kuhn 2004; Morgan 2009; Perreault 

and Brantingham 2011; Surovell 2009). Although residential relocation is common among 

foragers, the frequency and distance of moves are highly variable and have been modelled in 

relation to the distribution, predictability, abundance and variation in resources (e.g. Binford 

1980; Grove 2009, 2010a; Hamilton et al. 2016; Kelly 1992, 2007; Perreault and Brantingham 

2011; Shott 1986). Kelly’s (2007) synthesis of ethnographically documented foraging 

populations across the globe showed extensive variation in daily foraging distances and the 
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number of annual residential moves of forager groups in different environments. The Ona, a 

boreal forest group in the Patagonian region of southern Argentina and Chile, moved up to 60 

times per year, whereas larger-sized groups that are often associated with a dependence on 

aquatic resources may move only a few times each year (Kelly 2007:128-130; Lee 1979:310). 

Grove (2009) used Binford’s complete leapfrog mobility strategy and foraging and logistical 

radiuses and ethnographic records to mathematically model the influences of occupation 

duration (mobility frequency), group size and habitat quality on move distances. He suggested 

that habitat quality alone was the strongest determinant of distances moved between camps for 

gatherers and fishers (Grove 2009). Average occupation duration was also an important factor 

among hunters. Using a mathematical model derived from ecological theory, Hamilton et al. 

(2016) found that the average distance that a residentially mobile group moves between 

resource patches is directly related to the local environment. Increasing mobility distance is 

connected with decreasing temperature and precipitation and a corresponding decreased 

availability of energy in a local ecosystem. Studies like these that move beyond categories to 

explicitly measure a mobility variable on a continuum capture much more variability in patterns 

of human movement, most of which is argued to be tied in with environment. However, as 

Hamilton et al. (2016) acknowledged, there is plenty of unexplained variation in their 

mathematical model of human movement, some of which is likely to signify cultural processes.  

THE SOCIAL CONTEXT OF MOBILITY 

Mobility is clearly closely tied in with the environment and resources. However, the 

ethnographic record describes many accounts of people moving for a variety of reasons that 

were often quite separate from subsistence (Gould 1980; Kelly 2007; Whallon 2006:260). 

Individuals and groups often structured and altered their movements according to social matters 

such as finding marriage partners, making and maintaining bonds with neighbouring groups, 

territorial structures, to visit religious sites or to avoid places in the landscape that have negative 

connotations associated with them (Bettinger 2001; Binford 1990; Evans 2003; Grove 2009; 

Jochim 1976; Kelly 1992; MacDonald et al. 1999; Mandryk 1993; Milliken 1998a; Whallon 

2006; Wobst 1974).  

Whallon (2006) coined the term ‘non-utilitarian mobility’ to distinguish types of movements 

around the landscape that are primarily for social requirements rather than subsistence needs. 

Whallon (2006) used the terms network mobility (movements undertaken for social reasons) 

https://en.wikipedia.org/wiki/Patagonia
https://en.wikipedia.org/wiki/Argentina
https://en.wikipedia.org/wiki/Chile
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and informational mobility (movements where the gathering of information is primary) to 

categorise types of social mobility. Social activities are often embedded within more 

subsistence-based movements, as information would have been gathered on most moves (Lovis 

and Donahue 2011; Pearce 2014). Whallon emphasised that none of these categories are 

absolute. He considered the relative importance and frequencies of different kinds of 

movements to build a model that relates the frequency and spatial scale of social relationships 

and information flow to ‘temporal and spatial patterns of variation in resource availability’ 

(Figure 2.2). Although this model can be argued to be overly simplistic, Whallon (2006) 

expanded beyond the forager-collector continuum to consider the ‘frequency and scale of 

temporal and spatial variation in resource availability’ as significant variables that would have 

affected the social organisation and mobility of hunter gatherer groups (Whallon 2006:269).  

  

Figure 2.2. Whallon’s (2006:264) model of network and informational mobility, ‘showing expected ‘patterns of 
network and informational mobility among hunter-gatherers in relation to regional variability and regional 
correlation of resource availability’.  

 

It has long been acknowledged that networking and social connections are an essential 

component of forager mobility and a critical adaptation to survival, particularly in times of 

scarcity (Balme et al. 2009; Bamforth and Bleed 1997; Bliege Bird and Bird 1997; Gamble 

1983; Grove 2010a; Kelly 2007; Pearce 2014; Thomas 1981; Torrence 1989a:58–59; Veth 

2005; Whallon 2006; Wiessner 1982; Winterhalder 1996; Wobst 1977). Madden (1983) argued 
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that undifferentiated social network systems are typical of most hunter-gatherer groups. 

Differentiation can occur when resource competition increases, population increases or from 

geographic separation (Madden 1983). Gamble (1983) emphasised that networking represents 

the social adaptation to uncertain environments. These strategies required neighbouring human 

groups and detailed knowledge of food resources. Whallon (2006) referred to regional social 

networks as ‘safety nets’, which hold essential information about resources that are critical to 

the survival of groups. If there is a paucity of an essential resource in the area of a group, 

positive and non-hostile connections between that group and a neighbouring group means that 

people can move in to that neighbouring area to support them through that time (e.g. Read and 

Coppin 1999:180-183; Tindale 1974:255).  

Dyson-Hudson and Smith (1978) argued that territoriality in humans is at least in part an 

adaptive response to environmental factors and, as such, is to be expected when critical 

resources are distributed. Following Dyson-Hudson and Smith (1978), Ambrose and Lorenz 

(1990) developed a useful resource model that connects residential mobility with socio-

territorial organisation at different levels of resources structures (resource predictability and 

abundance). Optimal and sub-optimal socio-territorial organisation strategies are predicted for 

four extremes of resource structure (Table 2.1), based on a qualitative cost-benefit analysis of 

territorial organisation strategies with energy as the currency. Ambrose and Lorenz (1990) used 

this model to suggest that foragers in southern Africa were more mobile during glacial periods, 

as resources were either unpredictable and dense (MIS 2) or predictable and scarce (MIS 4), 

compared to during the current interglacial. They also suggested that increased information 

exchange occurred during these glacial phases (see also Mackay et al. 2014a).  

Table 2.1. Resource structure and behavioural correlates (Ambrose and Lorenz 1990:10). 

Behavioural 
correlates 

Predictable & 
scarce 

Predictable & dense Unpredictable and 
dense 

Unpredictable & scarce 

Territorial strategy territorial defence home range, semi-
permeable 

undefended very 
permeable 

undefended very 
permeable 

Information 
exchange 

low medium very high high 

Residential mobility low, scheduled medium, scheduled high, opportunistic very high, opportunistic 

Group size small small large very small 

Population density high medium medium very low 

Diet breadth moderate high very low very high, opportunistic 
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The decisions that people make about when, where and how to move are undoubtedly driven 

by a combination of economic, cultural and biological factors. However, most mobility 

research continues to concentrate on environmental and ecological conditioners of human 

movement. This is not based on a deliberate unwillingness to integrate social aspects, but on 

recognition that people cannot live outside their environment (Veth et al. 2000). Additionally, 

social factors are often seen as short-term drivers of mobility that fade away when longer-term 

time scales are considered (Conkey 1991; Dobres and Hoffman 1994:216; Torrence 2001). 

However, short-term decisions can have long term consequences that can influence the 

archaeological record. For example, restrictions or changes in territories after tension with 

neighbouring groups can affect long-term changes in mobility because changed territorial 

boundaries can be passed down between generations for extended periods of time. This 

example demonstrates the difficulty of extracting social information from archaeological data: 

archaeologists deal only with the material outcomes of human actions (David 2004; Grove 

2010b; Huchet 1991; Whallon 2006). Technological and ecological approaches can generate 

testable hypotheses while social approaches often cannot (Thomas 1981). As a result, methods 

for identifying social dynamics are still underdeveloped.  

MODELLING ARCHAEOLOGICAL MOBILITY 

Conceptual models that examine the links between the environment, material culture and 

mobility strategies form the backdrop to archaeological mobility research. These 

ethnographically and ecologically derived models provide a simple and effective way to begin 

to characterise past hunter-gatherer mobility. However, mobility is dynamic and 

multidimensional, and studies that categorise mobility rather than treat human movement as a 

continuum will undoubtably obscure finer-grained variation. We need to move beyond these 

broad-scale frameworks to be able to quantify and compare time-averaged human movement 

in Pleistocene arid Australia.  

A key issue in archaeological mobility studies is the inadequacy of ethnographic models to deal 

with the time-averaged patterns of multiple, individual movements represented in 

archaeological assemblages. Individual movement can rarely be discerned from time-averaged 

material records, with the exception of some individual refitting studies (e.g. Close 2000). 

However, while archaeological time scales do not give us the details found in ethnography, 

ethnography provides a window into long-term processes by helping us to understand some of 
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the processes that led to the formation of different patterns we discern in the material record 

(Bailey 2007). Archaeological expressions of mobility need not rely solely on ethnographically 

fixed concepts but can instead use comparative proxies for mobility, defined archaeologically 

as the actual movement of people (Close 2000:50). This movement can refer to frequency, 

magnitude, migration, motive, reciprocity network, distance or direction (David et al. 2014). It 

is therefore critical, as Shott (1986) advocated over 30 years ago, that archaeological mobility 

studies specify which mobility parameter is being evaluated rather than employing it as an 

undifferentiated variable. Productive studies of mobility use methodologies that measure an 

aspect/s of mobility directly. Essentially, (1) we need to be very clear about what we are 

measuring when we seek to identify mobility from coarse-grained archaeological records and 

(2) we need to make sure that the facet of mobility we are investigating can be quantified 

objectively and assessed comparatively. Meeting these objectives requires consideration of 

what the archaeological record actually represents.  

I propose to investigate mobility in the Pleistocene Pilbara through two key aspects of human 

movement. Occupation duration is the relative length of time that is spent at a location rather 

than movement itself and therefore can inform on the frequency of group movements. Grove 

(2009:222) considered occupation duration to be one of the most important mobility variables 

from an archaeological perspective because the length of time that a group spends at a site 

reflects their activities in that locale, distances moved between camps and influences the nature 

and quantity of remains at a site (see also Yellen 1977). The second mobility variable 

investigated here is mobility distance, the distance from one point to another. Importantly, 

relative (e.g. higher or lower) mobility frequency and distance can be quantified and compared 

in an ordered and systematic way. Detailed discussion of how mobility can be reconstructed 

from stone assemblages is undertaken in Chapter 5. Examination of these two mobility 

variables will enable comparisons of ‘highly residentially mobile’ foragers in the Pleistocene 

Pilbara on inter- and intra-site scales. The next section provides context on the mobility of 

Aboriginal groups in arid Australia and on key models of LGM mobility and settlement. 
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HUMAN MOBILITY IN ARID AUSTRALIA  

By the time of European settlement in Australia, arid landscapes (drylands with a moisture 

deficit under normal climatic conditions, where precipitation is <20% of potential moisture 

loss through evaporation, Middleton and Thomas 1997) comprised approximately half of the 

Australian landmass. Ranging from large continental sand dune deserts in the centre, arid 

seascapes along the northwest coast and the semi-arid Murray-Darling Basin in the southeast, 

they are surprisingly environmentally diverse. Ethnographic observations of the small, highly 

mobile groups living in these arid regions formed a critical part of early desert archaeology and 

interpretations (e.g. Binford and O'Connell 1984; Gould 1968, 1971, 1980; Hayden 1976, 1977, 

1979; O’Connell et al. 1983), perhaps because Australian desert groups were seen as the 

‘quintessential hunter-gatherers’ and because ethnographic data provides detail of the 

frequency and scale of movement. For example, the Ngaatjatjarra people (alternatively spelt 

Ngatatjara or Ngadadjara) from inland WA were recorded as moving an average distance of 43 

km up to 37 times per year (Kelly 2007:113). The frequency, timing and direction of 

movements are generally attributed to the distribution and types of water sources and other 

resources in a landscape (e.g. Cane 1987; Gould 1980; Kelly 1983; Veth 1993). 

Seasonal resources clearly affect the movement, coverage and positioning of groups (Binford 

1982:11). Cane (1987:428) emphasised the seasonal availability of resources in the Great 

Sandy Desert, WA, which, together with detailed Aboriginal knowledge on environment, 

makes subsistence predictable and reliable rather than opportunistic, as modelled by Gould 

(1971) for the adjacent Gibson Desert (also see Latz 1995: in central Australia). The Martu, 

whose territory lies at the interphase of the Little and Great Sandy Deserts, also distinguish a 

seasonal pattern of land-use following resource availability, with periods of aggregation during 

winter months and summer months, when movement was focused on reliable water sources 

(Veth 1993:71). In some landscapes, groups may be highly dispersed in summer to follow 

ephemeral water sources but may live off stored resources and rely on permanent water sources 

during the dry months. Many researchers (e.g. Cane 1987; Gould 1969:267, 1977; Thorley 

2001) have suggested that Australian desert foragers deliberately targeted networks of 

ephemeral water sources while conserving a few larger water sources to last in the later summer 

months. From his conversations with Martu people, Veth (1993:75) noted that the duration, or 

‘permanency’ of site use was largely determined by the availability of potable water. During 

times of relative water abundance, groups travelled greater distances and into areas that were 
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not foraged in since the previous wet season (Cane 1987:394; Veth 1993:70). This produced 

an initial pattern of high residential mobility after summer rains, followed by more extended 

periods of reliance on a few permanent water sources and a corresponding decrease in 

residential mobility. This cyclical movement strategy occurred several times a year and resulted 

in an archaeological patterning of ephemeral satellite camps (near ephemeral water sources) 

and large core residential camps (near more permanent water). Ethnographic research 

demonstrates the temporal and spatial variability in human movement within and between arid 

regions. It is this variation that we seek to identify from time-averaged archaeological records.   

Aboriginal groups are clearly closely connected with their environments. Although no 

descriptions exist of how Aboriginal people might have responded to long-term environmental 

change comparable to the LGM, ethnographic sources (e.g. Gould 1991; Read and Coppin 

1999:180–183; Tindale 1974, Wagland 1996:46) make observations of responses to short-term 

drought in arid Australia. Tindale (1974:68) observed two basic kinds of drought refuge during 

the late 1920s and 1930s in the arid interior: the ‘peripheral refuge shared by more than one 

people; the other the central refuge shared with no others, to which retreat was possible, but 

from which there was no likelihood of escape’. He described specific ‘refuges’ that Banyjima 

(alternatively spelt Panyjima or Pandjima) people in the Hamersley Range of the Pilbara 

congregated at during very dry times: ‘Punduwana, a native place not yet located, was their 

main refuge water in very dry times; other refuges were in Dales Gorge and at Mandjima’ 

(Tindale 1974:255). Tindale concluded that the Banyjima did not use the upland gorges in the 

Hamersley Range except as refuges when driven by shortage of water in droughts. Nyamal 

(alternatively spelt Njamal) elder Peter Coppin recalled the presence of three reliable soaks in 

the harbour at the town of Port Hedland in the Pilbara (known as Marapikurrinya to local 

Aboriginal people) which formed a popular meeting place at times of drought inland (Read and 

Coppin 1999:180–183). Wagland (1996:46) noted that certain plant foods were sometimes 

stored in tree branches or inside hollow trunks in anticipation of a drought. 

An interesting effect of drought on group movements and social relationships was observed in 

the Warburton Ranges, inland Western Australia, in August 1935 by Tindale and members of 

the University of Adelaide Anthropological Expedition (Tindale 1974:70). The party witnessed 

people from the ‘Nana’ tribe – driven from their country by the drying up of their normal waters 

– travelling southeast to make contact with their eastern neighbours, the Ngaatjatjarra, for the 
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first time in an estimated 15 years. The Ngaatjatjarra were themselves congregating at a 

permanent soak in the Warburton Ranges. Tindale remarked on the: 

partly ritual defence of the water against invasion. We saw the decline of anger, the 

exchange of kinship identities… and the ritual handing over of a wooden container 

of water to the newcomers by Katabulka, a man who claimed Warupuju Soak as in 

his hordal territory. (Tindale 1974:70) 

The movement of entire groups into surrounding areas was also witnessed by Tindale (1974) 

in inland South Australia in 1914 to 1915, when a severe drought pushed most of the Pitjandjara 

people to shift eastwards, forcing the shift of the neighbouring Jangkundjara people southward 

by 225-250 km. Conversely, Tindale (1974:72) noted that after times of substantial rains in the 

Western Desert, ‘everywhere’ became a potential camp as ‘countless claypans and depressions 

filled and permitted free movement to the most inaccessible and infrequently exploitable parts 

of the tribal territory’.  

Gould (1991) suggested that modern Ngaatjatjarra hunter-gatherers in the Gibson Desert 

changed their movements and group composition as a risk minimisation strategy when facing 

periods of drought through drought evasion and drought escape. Gould took note of the highly 

mobile way of life used by these groups to move frequently between resource patches when 

they became poor, the portable mobile culture, elaborate marriage and kinship systems and 

flexible systems of group aggregation. These social and economic practices, Gould argued, 

formed an adaptive mechanism that allowed Ngaatjatjarra people to minimise the risks of living 

in desert landscapes (see also Pate 1986). Indeed, long-distance social relations stretching over 

distances of more than 800 km have been documented in Australia (Gould 1980; Mulvaney 

1976). Studies by Gould (1977, 1980), Tonkinson (1991) and others (e.g. Mulvaney 1976:79–

80; Peterson and Lampert 1985:5) emphasised the importance of these long distance social 

networks which involved reciprocity and rights to territorial access in contemporary Aboriginal 

arid zone groups. Hunter-gatherer mobility strategies in the recent past were clearly highly 

flexible and variable and shifted in response to short-term climatic and environmental changes. 

Similar responses to short-term environmental changes such as drought and substantial rains 

undoubtedly occurred in other parts of the Australian arid zone and probably occurred during 

enhanced and sustained periods of aridity in the past.  
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MOBILITY AND THE LAST GLACIAL MAXIMUM 

Studies addressing longer-term human responses to environmental change during the LGM are 

also typically underpinned by strong ecological-based theoretical frameworks (Burke et al. 

2018; Gamble et al. 2004; Veth et al. 2000). Most Australian studies suggest that Aboriginal 

foraging territory, residential mobility and resource use changed in response to LGM induced 

climate and environmental change (e.g. Fitzsimmons et al. 2015; Hiscock 1988; Hughes et al. 

2011; Lampert and Hughes 1987; O'Connor and Veth 2006; Przywolnik 2005; Smith 1988; 

Smith 2006, 2013; Thorley 1998a; Veth 1989; Williams et al. 2013, 2014a, 2015). Key to 

debates about the occupation and abandonment of areas during the LGM involve the 

assessment of models for regional abandonment, refugia and desert transformations (e.g. 

Hiscock 1988; Hiscock and Wallis 2005; Smith 2013; Veth 1989, 1993). In the 1980s, four 

Australian PhD research projects explored Pleistocene arid zone occupation in different regions 

of Australia (Hiscock 1988; Lampert and Hughes 1987; Smith 1988; Veth 1989) and, together, 

significantly altered perceptions of Pleistocene arid zone settlement. All concluded that the 

LGM resulted in major contractions in settlement and population in Australia’s interior. 

Hiscock’s (1988) excavations at Colless and Louie Creek rockshelters on the north-eastern 

desert margins (Figure 2.3), revealed increases in artefact discard rates, fire frequency and rates 

of trampling during the LGM, with decreases in frequencies of tool-stone and faunal remains 

from the surrounding areas. Hiscock (1988) argued that the most intensive site use correlates 

with a contraction of range and territory during periods of climatic stress, indicating a reduction 

in logistical and residential mobility. He concluded that populations living on the edge of the 

desert reduced their territory from the northern plains to focus on the well-resourced gorge 

systems. Veth’s (1989, 1993) arid zone settlement model – Islands in the Interior (Figure 2.3) 

– used a biogeographical approach to explore these ideas using ethnography, archaeology and 

ecology. His model proposes that much of the arid inland and north became too arid to sustain 

a continuous human presence and that Pleistocene populations retreated to refuges – with 

networks of more reliable water sources that were less sensitive to climatic changes – during 

peak aridity until conditions improved (see also Brown 1987; Hiscock 1988; Lampert and 

Hughes 1987; Morton et al. 1995; Smith 1988). Major upland areas such as the Pilbara, Flinders 

Ranges, Kimberley and central Australian ranges are classified as refuges. Other possible 
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refugia include large extant lake systems (Hiscock and Wallis 2005:44) and the Pleistocene 

coastline (Morse 1993; O'Connor and Veth 2000; Veth 1999; Veth et al. 2016; Ward et al. 

2013).  

 

Figure 2.3. The ‘islands in the interior’ model with places mentioned in text (map based on Veth 1989:84). 
Bathymetric data provided and compiled by Tom Whitley using Lambeck et al. 2014; Siddall et al. 2003; 
Waelbroeck et al. 2002; Yokoyama et al. 2001a. 

Areas where continuous occupation would have been severely challenged during heightened 

aridity are classified as barriers. These include large sand ridge deserts such as the Great and 

Little Sandy Deserts. Barriers are changing features that may have assisted in connecting and/or 

isolating refuges (Veth 1989:84). Corridors are larger areas of sandy and stony lowlands which 

were likely to have been continuously habitable ‘only during climatically favoured periods and 

were abandoned during the LGM as food and water resources became depleted’ (Veth 

1989:81). After the LGM, previously inhabited areas were gradually reoccupied. This 

biogeographic modelling was clearly slated towards a continental perspective by grouping 

together variability within larger categories to identify broad-scale trends. More recent research 

has tested and refined these broader models. For example, we now know that Aboriginal people 
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occupied inland deserts by 50,000 years ago (Hamm et al. 2016; McDonald et al. 2018c) and 

that some sites in ‘barrier’ regions, such as Karnatukul in the Western Desert (Figure 2.3, 

McDonald et al. 2018c) and Allen’s Cave, in South Australia’s arid zone (Figure 2.3, Munt et 

al. 2018), continued to be visited through the LGM. Evidence from these sites shows that 

Aboriginal people were already successfully adapted to living in arid conditions well before 

the LGM.  

O'Connor et al. (1993) used Ambrose and Lorenz’s (1990) resource model to map out more 

detailed resource configurations and human responses to the LGM in arid and temperate 

refuges in WA. They suggest that as aridity increased, resources became scarcer and more 

unpredictable and resource encounter rates became more seasonally and inter-annually variable 

(O'Connor et al. 1993:98). As a result, changes in human organisational strategies including 

mobility, information networks and territorial ranges were required. O’Connor et al. (1993) 

proposed a net contraction in territory at the start of the LGM, with a short-term increase in 

population density. They used stone artefact discard rates from nine stratified sites in three 

different regions of Western Australia to support their argument. In the long term, O’Connor 

et al. (1993) suggested that people in the northwest refuges responded to climate change by 

decreasing the size of residential groups and becoming more mobile across a wider foraging 

range. Information networks became more extensive as territoriality and population density 

decreased. However, there is currently no robust evidence for population, or changes in 

population during the LGM, particularly for higher population densities in refuges.  

Williams (2013) used a continent-wide archaeological radiocarbon date database (using a 

correction for taphonomic bias) to argue for major demographic changes in response to the 

LGM. He interpreted the curve to suggest that human populations fell by about 60 percent 

between 21 and 18 cal ka BP. Williams et al. (2013, 2015) applied cluster analysis to the same 

dataset to explore human demographic patterns. They found a refugia-type human response 

across Australia – including in the Pilbara – during the height of the LGM (c.23-18 ka) where 

a reduction of nearly 80% in occupied territory during the LGM is suggested by point dispersal 

pattern analysis. Furthermore, Williams et al. (2013:4620) suggested that this indicates a ‘shift 

in foraging and social strategies from highly mobile practices to increased use of local 

resources and abandonment of more marginal areas.’ Indeed, many other researchers suggest 

that Aboriginal people in arid Australia were generally more residentially mobile during the 

LGM compared to late Holocene and twentieth century populations (e.g. Smith 1988; Veth 
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2005; Zeanah et al. 2015). In a similar vein to Veth (1989, 1993) and O’Connor et al. (1993), 

Smith (2013:123, 156) suggested that hunter-gatherers used a ‘point to point’ residential 

mobility configuration to move between reliable pockets of microhabitat within ‘cryptic 

refugia’ rather than geographical refuges, corridors and barriers (Figure 2.4). But although 

models built on archaeological radiocarbon datasets broadly correlate to aspects of spatial 

reorganisation interpreted from regional site records, the broad-scale nature of this analysis 

makes interpretation complex. Its many issues, such as a lack of integration with depositional 

and post-depositional processes, sampling, and the assumptions made between radiocarbon 

dates and the presence of people, make it difficult to verify these results on their own 

(Attenbrow and Hiscock 2015; Williams and Ulm 2016; Williams et al. 2013, 2015). This is 

where detailed regional and site-based studies, such as that presented in this thesis, become 

critical to understanding the regional and local variability in mobility configurations within 

refugia. This requires moving beyond the ‘highly residentially mobile’ category to directly 

quantify and compare mobility variables such as frequency and distance at individual sites with 

secure LGM chronologies.  

 

Figure 2.4. Smith’s schematic representation of suggested changes in foraging patterns from (L) the 
ethnohistorical data which shows a ‘home base’ annual subsistence around permanent water sources and (R) 
the modelled LGM where foraging territories are more extensive as foragers move between and focus on the 
fewer permanent water sources in the upland ranges (figure from Smith 2013:123, redrawn from Smith 1989: 
Figure 6). 
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CHAPTER CONCLUSION 

The above discussion demonstrates the importance of mobility, the act of moving, as a key 

concept in examining and understanding past human-environment interactions. Because of its 

complexity, definitions of mobility in the literature vary widely and have resulted in a lack of 

common methodology. In this chapter it is argued that mobility must be investigated 

archaeologically through explicitly stated variables which operate on a continuum. 

Transparency in what is being measured is essential, as is understanding the parameters of the 

archaeological record. It is proposed here that Pleistocene patterns of human movement in the 

Pilbara are investigated using archaeological proxies through the quantification of two key 

aspects of forager mobility: frequency and distance. This will allow for comparison of site use 

and movement through time and space. This approach to mobility represents a critical step in 

building a higher-resolution understanding of human adaptability within LGM refugia.  

The movements that foragers made were determined by a complex mix of cultural, biological 

and economic factors but mobility and the environment are clearly closely linked. In essence, 

the landscape is a human construct imbued with significance and meaning but that ‘sets the 

frame’ to which human populations must adapt (Morales et al. 2009). The extent to which 

mobility correlates to environmental change during the late Pleistocene in arid Australia is a 

key avenue of the research presented here. The Pilbara region is ideal for investigating issues 

of human movement and human-environment dynamics for two reasons. First, because of the 

wide range of landforms and environments located within the upland refuge and second, 

because of recent rockshelter excavations revealing securely dated LGM occupation sequences 

and large stone artefact assemblages. In the next two chapters this research is contextualised 

by defining the present cultural and physical landscape of the Pilbara as well as its past 

environment (Chapter 3) and reviewing the current state of the Pleistocene archaeological 

record and the way that human mobility has been interpreted before, during and after the LGM 

(Chapter 4).   
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CHAPTER 3 THE STUDY REGION 

DEFINED: ENVIRONMENT, RESOURCES 

AND ENVIRONMENTAL CHANGE 
 

 

This chapter provides a cultural and environmental context for the study region that will help 

to gain a more nuanced understanding of past Aboriginal mobility patterns in the Pilbara. The 

first section provides a broad overview of the current-day cultural and physical landscape, 

including geology, climate, hydrology, fauna and flora. In this section the concept of the Pilbara 

uplands as biological refugia is discussed. Then, palaeoenvironmental evidence for the 

northwest and adjacent arid regions is reviewed to give an insight into the long-term climatic 

and environmental shifts in the Pilbara. The chapter concludes with some observations and 

implications of changing environments on patterns of human movement.  

A RICH CULTURAL LANDSCAPE 

The Pilbara comprises a rich cultural landscape made up of numerous Aboriginal groups 

(Figure 3.1) who share many laws, customs and practices but have different languages. Most 

group boundaries are marked by major watercourses and prominent scarps and hills (Olive 

1997:75). Tindale’s (1940, 1974) map is the most detailed account of groups in the Pilbara but 

has been criticised for its simplification of single boundaries to classify populations without 

detailed local research reflecting the complexity of Aboriginal land tenure and local 

organisation (Hiatt 1996; Sutton 1995). However, it provides the clearest idea of the 

distribution of major sociolinguistic groups in the northwest around the time of European 

arrival. Uncertainty regarding the precise placement of some tribal boundaries in the early 

literature (Radcliffe-Brown 1912; Tindale 1940, 1974) most likely relates to their fluid nature 

and Aboriginal notions of land tenure. In an ethnographic study of Pilbara Aboriginal 

languages, Dench (2001) recorded that specific areas of land were ‘owned’ collectively by 

groups and socially acknowledged and accepted by other groups. Aboriginal people 
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customarily moved and foraged over a much broader expanse of land than their ‘estate’. 

Movements into another group’s area were facilitated through marriage and kinship ties and 

were subject to ongoing negotiations. Dench (2001) described the sociolinguistic groups in the 

Pilbara as open, loose-knit communities. He argues that the linguistic and cultural systems of 

groups suggest ‘long and well-established contact amongst groups in the region…the diversity 

reflects a gradual differentiation as different cultural innovations have diffused into and across 

the area’ (Dench 2001:109). Circumcision and sub-incision rites and eastern languages had 

gradually progressed westwards towards the coast well before European contact (Figure 3.1, 

Radcliffe-Brown 1912; Tindale 1974; von Brandenstein 1967:6). 

 

Figure 3.1. Tindale’s boundaries for north-western Aboriginal sociolinguistic groups (adapted from Department 
of Planning, Lands and Heritage map http://www.daa.wa.gov.au/globalassets/pdf-
files/maps/state/tindale_daa-2015.pdf). Note, the spelling of many names used by Tindale have since changed 
(e.g. Kuruma to Guruma).  
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PRESENT-DAY GEOGRAPHY, GEOLOGY AND ENVIRONMENT 

The Pilbara and northern Carnarvon bioregions of WA are bordered by the Great Sandy Desert 

in the north-east, the Little Sandy Desert in the east, and the Gascoyne regions in the west and 

south (Figure 3.2). The Pilbara is underlain by continental Precambrian granites and younger 

geological complexes dominated by sedimentary rocks associated with the Hamersley, 

Carnarvon and Canning Basins (Beard 1975; Trendall 1975; van Vreeswyk et al. 2004). To the 

west, the Hamersley and Chichester Ranges dominate the landscape, reaching elevations of 

around 1200 and 600 m above sea level, respectively (Pepper et al. 2013). The smaller Gorge 

Range, Gregory Range and Ripon Hills form an island of high land in the Abydos Plain of the 

northeast. The Dampier Archipelago is made up of 2.75 billion-year-old Gidley granophyre 

comprising fine-grained granophyre and coarse-grained gabbro and small granite exposures 

associated with the Dampier Granitoid Complex (Hickman 2001). These islands were 

connected to the mainland before c.6000 years ago. The ancient limestone (calcarenite) 

formations of the Montebello Islands and Barrow Island (in the Cape Range subregion, Figure 

3.2) similarly formed part of the now largely submerged northwest shelf (Veth et al. 2016). 

Further to the south, the limestone Cape Range Peninsula juts out along the western coastline 

with a steep continental shelf that has always been in close proximity to the coast. 
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Figure 3.2. Pilbara and Carnarvon bioregions with IBRA subregions (IBRA subregion data from Australian 
Government Department of the Environment and Energy 2012. Elevation data from Commonwealth of 
Australia [Geoscience Australia] 2011). 

 

CLIMATE AND HYDROLOGY 

The Bureau of Meteorology (BOM) has classified the region into two climatic zones: hot humid 

summer with a warm winter (coastal) and hot dry summer with a mild winter (bulk of inland). 

Rainfall can be extremely variable (Figure 3.3, Beard 1975; van Vreeswyk et al. 2004) and this 

has important implications for human occupation of the region. The main climate drivers for 

the Pilbara are the El Niño Southern Oscillation (ENSO) and the Indian Ocean Dipole (IOD) 

ocean currents. Between 250 mm and 400 mm of rainfall occurs annually, following a roughly 

inland to coastal and southern to northern increasing trend and falling predominately in summer 

(December to April) from thunderstorms and cyclonic activity (BOM, van Vreeswyk et al. 

2004). Winters are typically mild and dry although winter rain events can occur in June and 

July. Heavy rains produce widespread flooding and considerable runoff in the major river 

systems which criss-cross the inland region. The large coastal drainage systems of the 

Fortescue and Ashburton Rivers are located on either side of the Hamersley Range. The 

northeast ‘island of high land’ is interspersed with well-defined watercourses including the 
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Yule, Turner, Shaw, Coongan and De Grey Rivers (Figure 3.2). After significant rainfall, these 

large systems feed lower-order creeks, creating a temporary well-watered inland landscape. In 

these smaller watercourses, water is retained mostly in rock pools or against cliffs in small 

gorges (McKenzie et al. 2009). The numerous ephemeral water sources which dot the 

landscape – drainage lines, springs, soaks and gnamma holes – are replenished for short periods 

of time.  

 

Figure 3.3. Average monthly rainfall and minimum and maximum temperatures at Wittenoom in the 
Hamersley Range, some 125 km northeast of Juukan 2, between 1951-2018 (data from Bureau of Meteorology 
2018c). 

Despite the existence of these major and minor water systems across most parts of the Pilbara, 

evaporation is exceptionally high. Precipitation is rapidly lost by evapotranspiration and 

evaporation which strongly affects surface water availability (Hesse et al. 2004; van Vreeswyk 

et al. 2004:32). This is where the upland gorge systems are important. The extent of decline in 

the availability of surface water depends on the condition of ecosystems but was probably less 

severe in uplands compared to the surrounding plains as the deep ranges and gorges helped to 

protect water sources from evaporation (Department of Conservation and Land Management 

1999). Numerous gorges in the uplands provide permanent and perennial water sources in the 
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form of potholes, springs, soaks and gnamma holes. Internal drainage basins on the Hamersley 

Plateau and the Fortescue Marsh usually fill after intensive tropical cyclone activity (McKenzie 

et al. 2009). 

PILBARA LANDFORMS AND VEGETATION 

The Pilbara’s geological and topographical diversity forms rich and varied vegetation regions. 

Four geographically distinct Pilbara subregions are defined (Figure 3.2, Commonwealth of 

Australia 2012). These subregions provide a useful way to describe the region and are 

summarised here.  

The Chichester is the largest Pilbara subregion and encompasses the 400 km long Chichester 

Range, the smaller northeast ranges including Gorge Range, Gregory Range and the Ripon 

Hills – the island of high land – and the large alluvial floodplains of the Abydos Plain (Figure 

3.2, McKenzie et al. 2009). The subregion is comprised of underlying Archaean (2500+ Mya) 

granite and greenstone terrain and Banded Iron-formation (BIF, a finely layered sedimentary 

rock comprising iron oxide, chert and shale bands) with chert, sandstone, siltstone and shale 

formations, and quartz, basalt, dolerite and gabbro outcrops and gravels (Beard 1975; 

Geological Survey of Western Australia 1990). Vegetation is characterised by spinifex (Triodia 

wiseana, T. pungens, T. lanigera, T. secunda) and variably scattered scrub steppe (including 

Acacia inaequilatera, A. ancistrocarpa, A. tumida var.pilbarensis and A. orthocarpa/arida) 

across most of the area (Beard 1975; McKenzie et al. 2009; Pepper et al. 2013). Snappy gums 

(Eucalyptus leucophloia) and other trees are scattered across the region. Rocky screen slopes, 

breakaways and granitic domes dotted across the plains provide habitats for flora such as figs 

(Ficus brachypoda), the Pilbara kurrajong (Brachychiton acuminatus) and wing-nut tree 

(Terminalia canescens, McKenzie et al. 2009). Large drainage areas around the major river 

systems support more dense woodland with river gums and tussock grass understoreys. The 

vegetation and soil of the Chichester Plateau in the southwest is more closely linked with the 

Hamersley Plateau.  

The Hamersley subregion encompasses the most prominent landform in Western Australia, the 

Hamersley Range – a series of ranges, ridges, hills and plateaux. This mountainous region is 

made up of Archaean-Proterozoic (2500-545 mya) sedimentary ranges and plateaus dissected 

by gorges (McKenzie et al. 2009; Trendall 1975). The Hamersley Plateau itself contains 
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immense quantities of iron and silica-rich precipitate which, after modifications, becomes the 

present iron formation (van Vreeswyk et al. 2004) and can be classified into the Fortescue, 

Hamersley and Wyloo groups (Trendall 1975:128-135). The distinctive northern escarpment 

is abrupt and precipitous but broken up by gorge systems. Like the northeast uplands, many 

rockshelters have formed at the base of the distinct BIF in this region and there is a continuum 

of outcropping stone of different materials in the larger BIF formations (Trendall 1990). Veins 

of quartzite, dolerite, shale, chert, quartz, basalt, granite and silicified tuffs are found in the 

banded formations (Geological Survey of Western Australia 1990; Trendall 1975). The 

composition of vegetation communities changes across this heterogeneous landscape but the 

rolling hills and stony plains typically support spinifex grassland (T. wiseana, T. basedowii, T. 

lanigera) with snappy gum tree steppe and open woodland (A. bivenosa, A. ancistrocarpa, A. 

maitlandii, Keraudrenia spp., Beard 1975; McKenzie et al. 2009; Pepper et al. 2013). 

Vegetation becomes denser along internal drainage basins. The steeply incised gorges that 

dissect the BIF can provide important habitats for relic floral species including figs (Ficus sp.), 

kurrajongs (Brachychiton spp.) and native cypress (Callitris columellaris, McKenzie et al. 

2009; van Vreeswyk et al. 2004) 

The narrow, distinctive Fortescue subregion dissects the Hamersley and Chichester Plateaus 

and is centred on the Fortescue River (Figure 3.2). This region is made up of mostly Quaternary 

alluviums, colluviums, aeolian sand plains and lacustrine deposits (McKenzie et al. 2009). 

Dominant vegetation on coalescing alluvial fan deposits is mixed open Acacia sp. woodland 

and snakewood shrubland over tussock grass (Astrebla pectinata), kangaroo grass (Themeda 

triandra) and ribbon (Chrysopogon fallax) or hummock grasses (Triodia pungens, T. wiseana, 

T. melvillei, McKenzie et al. 2009). Eucalyptus and Acacia woodlands line permanent spring 

and drainage areas. The Fortescue Marsh, a unique and significant wetland area, runs for 

100 km along the upper Fortescue River. Following rain, the lakebed and saline floodplains 

can extend up to 10 km and are dominated by dense low shrubland (McKenzie et al. 2009).  

The Roebourne subregion (Figure 3.2) consists of mudflats and low dunes along much of the 

coastal plain (and the Dampier Archipelago) and is comprised of Quaternary (<10 Mya) 

alluvial and aeolian coastal and sub-coastal plains covered by grasses and spinifex with dwarf 

to open shrubland (McKenzie et al. 2009; Pepper et al. 2013).  
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FAUNA 

An abundance of fauna has been recorded in the Pilbara. Species diversity varies across 

different landforms (e.g. stony hills and ridges, drainage areas, plains) as they support different 

habitats and vegetation structures. Habitat productivity increases with water retention and 

stream order. Here I describe the main species found across the Pilbara uplands. A range of 

large macropods including the red kangaroo (Macropus rufus), common wallaroo or euro (M. 

robustus), Rothschild’s rock-wallaby (Petrogale rothschildii) and medium-sized mammals 

such as the northern brushtail possum (Trichosurus arnhemensis), short-nosed echidna 

(Tachyglossus aculeatus), bilby (Macrotis lagotis), mulgara (Dasycercus cristicauda) and 

northern quoll (Dasiyurus hallucatus) are found today in the Pilbara uplands (Brown 1987; van 

Vreeswyk et al. 2004). The remarkable diversity of small mammal species, reptiles and birds 

(including emu Dromaius novaehollandiae and Australian bustard Ardeotis australis) has been 

recognised since the 1980s (Brown 1987; Dunlop and Sawle 1983; Johnstone 1983a, 1983b) 

and was likely even richer prior to European settlement and pastoral activities. Introduced 

species, including dingo (Canis familiaris dingo), cat (Felis catus), European cattle (Bos 

taurus) and rabbit (Oryctolagus cuniculus) are now found across the Pilbara (Brown 1987; 

McKenzie et al. 2009; van Vreeswyk et al. 2004). A large range of macropods, small to 

medium-sized mammals, rodents, at least 15 species of snakes and over 50 lizard species are 

recorded in the northeast uplands (Baynes and McDowell 2010; How and Cooper 2002; How 

and Dell 2004).  

The inland waterways of the Pilbara contain copious amounts of food resources including, but 

not limited to, aquatic invertebrates (notably small crustaceans and mussels), eel (Anguilla 

bicolor), bull sharks (Carcharhinus leucas) and at least 14 species of freshwater fish (Morgan 

et al. 2009; Morgan et al. 2014a, 2014b; Rangelands Natural Resource Management 2014; 

Reynen and Morse 2016). Some fish species reach lengths between 25–30 cm in pools along 

the Fortescue and Yule Rivers (Morgan et al. 2009, 2014a). The arid west coastline is also rich 

in marine wildlife, including larger marine animals such as dugong (Dugong dugon), whale shark 

(Rhincodon typus), manta rays (Manta birostris), and green, hawksbill, flatback and loggerhead 

turtles, pelagic, demersal and reef fish species, and molluscs, crustaceans and seabirds in the 

inter-tidal sand and mud flats and islands (CALM 2005; Department of the Environment 2007). 
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SEASONALITY 

During their survey of reptile assemblages in the Abydos/Woodstock area, How and Dell 

(2004) recorded marked seasonal patterns in lizard activity. The highest number of species and 

individuals, including the larger goannas such as Varanus giganteus, V. gouldii and V. 

panoptes, were recorded in the summer months. They noted that the reproductive activity of 

many Pilbara reptile species is curtailed in unfavourable environmental conditions and that 

opportunistic reproduction occurs after rainfall events. Rainfall promotes rapid growth and 

seeding of Triodia spp. and other grasses, trees and shrubs, which in turn, provide habitats and 

resources for vertebrates. Similarly, a faunal trapping survey by Thompson et al. (2010) in the 

Hamersley Range found little similarity between vertebrate assemblages caught in March and 

in November, demonstrating the seasonal variation in faunal populations. Significantly more 

species and individuals were caught in March than in November. Thompson et al. (2010) also 

found that the least number of species and individuals were found on the steepest sloping areas 

of the uplands. Red kangaroo, euro (or wallaroo) and the rocky wallaby are well suited to arid 

climates as they can obtain water content from plants which allows them to survive without 

frequent access to more larger water sources (Sharman 1991:255–256). Rockshelters and large 

boulders create shaded and protected areas for animals. However, water dependent ecosystems 

will generally have higher levels of resource abundance. Animal distribution and abundance 

are both seasonally and spatially variable. 

THE PILBARA UPLANDS AS BIOLOGICAL REFUGIA 

The Pilbara uplands, particularly the Hamersley and Chichester Ranges and the wetlands and 

marshland along the Fortescue River, have long been classified as large, relatively important 

biological refugia in size and diversity (e.g. Brown 1987; Hiscock 1988; Morton et al. 1995; 

Smith 1988, 2013; Veth 1989, 1993). This is further supported by recent work by Byrne et al. 

(2017) who evaluated genetic diversity and differentiation in populations of snappy gum 

(Eucalyptus leucophloia) across the Pilbara bioregion and found higher levels of diversity in 

the Hamersley and Chichester ranges than compared to surrounding areas. They conclude that 

their data supports the hypothesis that the elevated and topographically complex Hamersley 

Range acted as a historical refugium during Pleistocene climatic oscillations for a widespread 

eucalypt. Water is the limiting factor for plant growth in the arid Pilbara which is why much 

of the vegetation has developed xeromorphic or structural adaptations for survival in dry 
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conditions (van Vreeswyk et al. 2004). Many species persist in soil seed banks in between 

wetter periods. This adaptive capacity implies a degree of resilience to changes in hydrological 

regimes but the impacts to Pilbara vegetation from climate change are still not clear. Past 

environment is discussed in the next section.  

PAST CLIMATE AND ENVIRONMENT 

A key challenge in linking human response to environmental change in arid Australia is the 

lack of empirical palaeoenvironmental data with sufficient spatial and temporal resolution, 

particularly in the inland Pilbara (Holdaway et al. 2013; Veth et al. 2000; Weber et al. 2013). 

Developments in luminescence dating and an increasingly large dataset of pollen, phytolith and 

dust records are providing more reliable chronologies that improve our understanding of the 

complexity of climatic and environmental change during the Pleistocene (Fitzsimmons et al. 

2013; Hesse et al. 2004). Recently available phytolith, macrobotanical and archaeomagnetic 

analyses at Hamersley Range rockshelters in the inland Pilbara (Cropper and Law 2018b) 

provide some indications of broad-scale localised environmental responses to climate change. 

Localised variation is evident across northern arid Australia and this has resulted in researchers 

in the Pilbara and elsewhere defining the timing and extent of environmental change 

differently. These disparate datasets are examined below together with data from other parts of 

the Australian arid zone to model past Pilbara climate and environment.  

PRE-GLACIAL PERIOD 

Micropalaeontology, stable isotope analysis of foraminifera, and pollen analysis of a marine 

palynological record from deep-sea core Fr10/95-GC17, collected offshore from Cape Range 

Peninsula (Figure 3.4) shows that after 81.5 cal ka BP, Australia’s arid northwest was 

characterised by extensive deserts and drylands and open woodland with Chenopodiaceae 

shrublands, regionally variable cover of Eucalyptus and Acacia and the dryland conifer 

Callitris (van der Kaars and De Deckker 2002; van der Kaars et al. 2006). More humid 

conditions occurred between 65 ka and 40 ka (De Deckker et al. 2014; van der Kaars and De 

Deckker 2002; van der Kaars et al. 2006). Until 45 ka, a more active summer monsoon and 

lower evaporation rates would have allowed potable water to be more widely available than it 

is today (Bowler 1998; Cohen et al. 2011; Johnson et al. 1999; Magee and Miller 1998). 

Archaeomagnetic and phytolith analyses from Djadjiling rockshelter (Figure 3.4, Herries 2018; 
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Wallis 2018) indicate a local phase of warm and wet climatic conditions in the southern 

Hamersley Range between 41,000 and 38,000 cal BP, when trees and scrub were abundant in 

the areas surrounding the site. However, mean annual (and summer) rainfall estimates from 

deep-sea core Fr10/95-GC17, some 570 km to the northwest, indicate a decrease from 420 mm 

during 46–40 ka to 345 mm in the 40–35 ka phase (van der Kaars et al. 2006). More recently, 

uranium-thorium dating of stalagmites from Ledge Cave on Barrow Island (Figure 3.4) indicate 

gradual drying out after 80 ka (Veth et al. 2017b).  

 

Figure 3.4. Pilbara region, north-western Australia, showing locations with palaeoenvironmental records 
mentioned in text (elevation data from Commonwealth of Australia [Geoscience Australia] 2011. Bathymetric 
data provided and compiled by Tom Whitley using Lambeck et al. 2014; Siddall et al. 2003; Waelbroeck et al. 
2002; Yokoyama et al. 2001a). 

 

Overall, the available data for the Australian arid zone and the northwest draws a picture of 

open arid or semi-arid environments with significant hydrological systems on the desert 

margins and less predictable watercourses, salt lakes and ephemeral water sources in the 

interior. All were fed by a more active monsoon than today which did not decrease until 45 ka. 

Between 46–40 ka, vegetation shifted significantly from open Eucalyptus sp. woodlands to 

open Eucalyptus shrublands. Analysis of phytoliths at Puritjarra rockshelter in western Central 
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Australia suggests vegetation was open shrubland which was already registering heightened 

aridity (Bowdery 1998). The lowest mean annual rainfall and highest mean maximum 

temperatures are around 35–32 ka, preceding the glacial (van der Kaars et al. 2006).  

GLACIAL PERIOD 

Sea levels rapidly fell from 30 ka which expanded the north-western landmass (Figure 3.4). By 

26 ka, sea levels had reached 70-50 m below present and were at their lowest, 130 m lower 

than today, at 21 ka (Harrison 1993; Lambeck and Chappell 2001; Yokoyama et al. 2001a, 

2001b). Sea-level oscillations appear to have been rapid, at times potentially dropping at 

magnitudes of tens of metres in under 1,000 years (Yokoyama et al. 2001a, 2001b). Aridity in 

northern Australia is determined by the strength of the summer monsoon (Hesse et al. 2004), 

which was disrupted by falling sea levels. Records from deep-sea core GC17 indicate that 

rainfall became winter-dominated and decreased to an estimated low of 200–260 mm per 

annum between 35 ka and 19.9 ka (van der Kaars et al. 2006:888). The driest phase for the last 

100,000 years occurs between 32 ka and 20 ka – with no evidence for the Indo-Australian 

Summer Monsoon (IASM), indicating virtually no summer rain off the coast of Cape Range 

(0-60 mm per annum, van der Kaars et al. 2006). Lower rainfall significantly affected 

vegetation and hydrological systems and resulted in a significant expansion of the Australian 

arid zone by up to 30% or an estimated 6-7 million km2 (Barrows and Juggins 2005; Griffiths 

et al. 2009; Hesse et al. 2004; Johnson et al. 1999; Lambeck et al. 2002; Marshall and Lynch 

2006; van der Kaars and De Deckker 2002; van der Kaars et al. 2006; Wyrwoll et al. 2000). 

Palaeohydrological lake records across the arid and semi-arid zones suggest a slow reduction 

in surface water availability and a broadly drying trend between 30 ka and 22 ka (Bowler 1998; 

Bowler et al. 2001; Cohen et al. 2011, 2012; Hesse et al. 2004).  

Stable isotope profiles of two 230Th dated stalagmites from cave C126 on Cape Range (Figure 

3.4, Denniston et al. 2013a) show slower growth and heavy oxygen isotope values and carbon 

isotopic values which all indicate a fluctuating but overall dry LGM. Stuut et al. (2014) 

analysed sediments from deep-sea core MD00-2361 near Cape Range (Figure 3.4) and noted 

an increase in wind-blown sediments during the LGM which corresponds to reduced vegetation 

cover. Oxygen isotope values for macropod teeth from Boodie Cave on Barrow Island reflect 

increasing aridity compared to more humid values recorded for modern populations (Veth et 

al. 2017b). Falling precipitation rates resulted in a decrease in permanent water sources, and, 
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combined with high evaporation rates (increase of c.20%, Bowler and Wasson 1984), a general 

reduction in surface water availability. 

Amino acid racemisation data from eggshells in central Australia suggest temperatures up to 

10 degrees colder than present occurred (Miller et al. 1997). Other sources indicate 

temperatures dropped to between 6 and 9 degrees lower than today (Barrows et al. 2001; 

Bowler and Wasson 1984; Hesse et al. 2004). These, however, are not as cold as estimated for 

the 43–39 ka interval. Temperatures in north-western Australia drop in line with the rest of the 

arid zone with the coldest temperatures during the glacial occurring between 25–23 ka off the 

northwest coast (van der Kaars et al. 2006).  

Regions experienced fluctuations in wetter, drier and more humid periods at different points 

between 24–18 ka. For example, time series data from a stalagmite record from Ball Gown 

Cave near Windjana Gorge in the adjacent Kimberley region suggests an ‘active albeit variable 

monsoon occurring across the western Kimberley during the Last Glacial Maximum’ 

(Denniston et al. 2013b:164). Similarly, interpretation of palaeoenvironmental markers at 

nearby Carpenters Gap 3 rockshelter indicates more humid conditions occurred between 

27– 5 cal ka BP (Vannieuwenhuyse et al. 2017). Samples taken from elevated calcium 

carbonate deposits on the Dampier Archipelago (Figure 3.4) – created by heavy precipitation 

leading calcium carbonate from igneous rocks and soils to redeposit as carbonate concretions 

(Chappell 1982; Pillans et al. 2008) – have provided dates between 33,000 and 18,000 BP 

(Brad Pillans pers. comm. in Mulvaney 2015:27), which suggests cooler and wetter periods 

through the LGM. However, no further information on these dates are provided. The presence 

of tropical (‘Kimberley’) plant communities on the Archipelago today supports the notion of 

different climatic conditions in this area in the past which aided in the survival of tropical 

species and the attractiveness of the area for people during adverse climatic phases. 

Northwest vegetation during the LGM was dominated by Asteraceae, Poaceae and 

Chenopodiaceae herbs, while Callitris partly replaced Eucalyptus (van der Kaars et al. 2006). 

The expansion of the arid zone flora Callitris across the region during this phase demonstrates 

the marked effect of climate change on vegetation distribution. This coincided with a low 

pollen flux which provides additional evidence for drier conditions through a general reduction 

of vegetation cover due to increased aridity (van der Kaars and De Deckker 2002). The Vostok 

ice core in East Antarctica indicates that atmospheric carbon dioxide concentrations were 40% 



45 

 

lower during the LGM (Barnola et al. 1987). Together with a reduction in precipitation, these 

conditions had the capacity to limit plant growth during arid phases, resulting in lower net 

primary productivity and the reduced ability to recover from disturbance or fire (Hesse et al. 

2004). Phytolith analysis at rockshelter HD07-3A-PAD13 in the southern Hamersley Range 

(Figure 3.4) shows a shift in local vegetation from panicoid to chloridoid grasses at the onset 

of glacial conditions and a continued decline in the proportion of trees and shrubs relative to 

grasses (Wallis 2018). A similar pattern occurs in the phytolith record at nearby rockshelters 

Jundaru and Djadjiling (Figure 3.4, Wallis 2018). At Djadjiling, a decline in tree cover occurs 

between c.38–24 ka and is followed by an increase in the numbers of trees and Panicoid grasses 

during the LGM (Wallis 2018). Analysis of phytoliths at Puritjarra rockshelter in Central 

Australia (Bowdery 1998; Smith 2009; Smith et al. 1995) suggests that grassland formations 

collapsed into open, arid shrublands and this has led researchers to suggest that changes in 

abundance, rather than distribution of common large tree species occurred during the LGM in 

this region.  

Recent modelling of tidal range and integration with zooarchaeological records from sites on 

the arid west coast (Veth et al. 2016; Ward et al. 2013, 2014, 2015) suggests the existence of a 

productive coastline during glacial aridity. Greater oceanic tides through the LGM are argued 

to have formed greater tidal ranges, producing ‘more extensive (intertidal) sedimentary 

environments and a large carrying capacity for economic marine resources during this period’ 

(Veth et al. 2016:10). In sum, foraging risk for humans probably increased – certainly away 

from the coastline during the glacial period. Areas along the coast probably provided a more 

reliable resource base than inland areas as well as more concentrated resources for larger 

gatherings or aggregations. These records hint at the local variability in climate and 

environment during the LGM which will likely be identified in other regions as higher-

resolution data is collected.  

POST-GLACIAL PERIOD 

The period following an extremely dry phase at 20 ka saw climatic instability continuing in the 

northwest until a major threshold occurred at c.14–13 ka: the return of summer precipitation as 

the Australian summer monsoon recommenced (van der Kaars and De Deckker 2002; van der 

Kaars et al. 2006; Wyrwoll and Miller 2001). Recent archaeomagnetic analysis of sediment 

samples from Djadjiling rockshelter in the southern Hamersley Range (Herries 2018) provides 
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some suggestion that a transition from cool to warmer and wetter conditions occurred just prior 

to 14.9 ka in the inland Pilbara.  

Changes in pollen taxon proportions from the Cape Range core suggest a four degree increase 

in mean annual temperature between the LGM and early Holocene, with rapid temperature 

increases from 23–19 ka and from 11–7 ka (van der Kaars et al. 2006). General increases in 

summer rainfall and decreases in winter rainfall are suggested during the early Holocene as 

mean estimated annual rainfall increased from c.300 mm to c.500 mm (van der Kaars et al. 

2006). Similarly, Denniston et al. (2013a) interpreted a decrease in carbon isotopic values in 

the Cape Range stalagmites from 15 to 9 ka as reflecting enhanced biologic CO2 production in 

nearby soils because of increased temperature and rainfall in the early Holocene. Together, 

higher atmospheric CO2 and a warmer and wetter environment would have increased soil 

respiration and therefore vegetation density (Denniston et al. 2013a). Denniston et al. (2013a) 

suggested that decreased oxygen isotopic ratios from 19–17 ka could be explained by an 

increase in plant density over the cave in response to increases in moisture derived from tropical 

cyclones or changes in cloud band activity. A return to open woodland occurred at 14 ka (Pack 

et al. 2003; van der Kaars and De Deckker 2002; Wallis 2001). Coastal habitats evolved with 

rising sea levels and mangrove habitats expanded from 12 ka, resulting in an increased range 

of exploitable resources (van der Kaars and De Deckker 2002; Ward et al. 2013, 2014, 2015). 

In sum, after 14 ka, the productivity of desert ecosystems increased. 

ABORIGINAL OCCUPATION IN THE UPLANDS: SOME COMMENTS 

AND PREDICTIONS 

Models of upland refugia were discussed in the previous chapter and are not repeated here. My 

intention here is to move beyond the broader refugia concept and comment on the probable 

variability in human occupation and movement within the uplands during periods of enhanced 

aridity. There is of course no comparative ethnographic information on how people might have 

responded to the extreme environmental change bought about by the LGM, from around 

30 cal ka BP and intensifying between 24/22–18 cal ka BP. However, present-day studies in 

upland areas show marked changes in abundance and predictability of fauna and flora when 

precipitation decreases. Rainfall promotes rapid growth and seeding of Triodia spp. and other 

grasses, trees and shrubs, which in turn, provide habitats and resources for vertebrates. The 
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more extreme conditions of the LGM would have strongly impacted the availability, abundance 

and distribution of dietary fauna and flora during periods of reduced precipitation and 

vegetation. Localised environmental variation and small-scale ENSO-like fluctuations most 

likely had the greatest influence on human populations. Lower rainfall and regional water 

tables meant that permanent and ephemeral water sources, already scarce in some arid areas, 

became even fewer.  

It is important to emphasise that rockshelters are permanent natural landscape features with 

constrained space for social gatherings and which were used differently to open spaces (Brown 

1987; Clement 1903:13; Gould 1971; Hughes and Quartermaine 1992; Nicholson and Cane 

1991; Veth 1993; Walthall 1998). In the historical period at least, people mostly visited 

rockshelters or caves to shelter from the sun or rain or to store items (Brown 1987; Connor and 

Quartermaine 1989:23, 76; Read and Coppin 1999:19; Withnell 1901:17). Rockshelters may 

have been located near a specific resource such as a medicine plant or simply have provided a 

unique feature not available in the immediate landscape such as shade from the sun or 

protection from rain or strong winds. In the 1990s, Guruma elders recalled how rockshelters 

were used by older generations: 

…in the wintertime the old people went to the caves. They keep the fire going all the 

time, to keep warm, they always used to shelter. If there’s no rain around they lived 

out on the flats, in the rivers, in the sandy areas, but when they knew the rain was 

coming they’d go in the caves, make a big fire then. (Brehault and Vitenbergs 

2001:28)  

Like open places, rockshelters were clearly multi-functional and the character of their cultural 

assemblages may vary according to the purpose of each individual visit. Generally, however, 

archaeological materials should reflect very occasional and short-term site visits by small 

groups of people. The timing, duration and intensity of individual rockshelter site visits 

depended on the availability and distribution of resources in that part of the uplands. Hilltops, 

gullies and creek habitats have high diversity of microhabitats while plain and valley habitats 

have lower value and the availability of surface water differs across different upland 

catchments. In his oft-cited synthesis of ethnographic, environmental and archaeological 

information in the Hamersley Range, Brown (1987:52-53) suggested that during dry periods 

(including August to November), long-term and seasonal camps were made in gorge systems 
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and along major water sources which provided the most productive and water-reliable 

ecozones. Indeed, early historical accounts suggest that the lives of north-western Aboriginal 

people were centred on the large drainage systems that dissect the region. John Withnell, an 

early European settler, described small family groups frequently moving between water 

sources in Kariyarra and Indjibandi country to the north of the Hamersley Plateau. He wrote: 

 …the natives generally live in families at various intervals of a few miles down the 

course of each river and its creeks; while some journey down others go up to the next 

waters; in fact they are small families constantly moving camp in any direction they 

please (Withnell 1901:8).  

Withnell also noted that: 

the natives have no permanent place of habitation, and only stay a few days at each 

waterhole. They, however, do not go far off the rivers, and by means of this frequent 

moving about they get game more readily (Withnell 1901:16-17).  

This pattern of land-use – of a people totally confined to the rivers – is probably 

overemphasised by early accounts but river systems were clearly important places, not just for 

water and other resources, but for movement and social connections (Barber and Jackson 2011; 

Brehault and Vitenbergs 2001; Builth 2013; Palmer 1980; Williams 2008). Major rivers and 

creeks functioned as ‘corridors’ or ‘runs’ connecting not just resource patches but culturally 

important areas and groups to each other. Rockshelters located along these corridors were 

probably visited by people travelling through the area. It is important to note that water 

movement is very likely to have removed some evidence for large and repeatedly visited 

camping places in or adjacent to riverbeds.  

Larger aggregations within and between groups were key to maintaining social and cultural 

connections and surviving more volatile conditions (e.g. Cane 1987; Meggitt 1962:55; 

Tonkinson 1974). As Brown (1987:53) noted, the timing of larger aggregations was probably 

equally determined by environmental factors such as resource availability and socio-cultural 

factors. Aggregations took place around resources that could be intensively exploited over a 

short period of time and place provisioning – stockpiling of resources in a central place – may 

have occurred during these events (Wallis and Matthews 2015). Withnell (1901:9) observed 

‘large quantities of grass seeds’ stored by women in readiness for the large feasts which feature 
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in ceremonies. Large gatherings could have occurred more frequently if use of the resource 

rich areas which facilitated them were rotated (Satterthwait 1987:626). Material evidence of 

these events include remains of food as well as the tools and items used to collect, extract and 

process resources such as grinding patches and portable grindstones that could be used for 

string-making, processing plant and animal remains or seed grinding among other things 

(Reynen and Morse 2016; Satterthwait 1987:622). Larger group congregations did not take 

place in rockshelters or caves but in open areas and probably along the resource-rich coastline 

or around major river systems and waterways – both inland and at the mouth of rivers along 

the coast. These areas are where the densest and more diverse archaeological material should 

be found. 

In contrast, O’Connor was told by Traditional Owners that higher elevation areas in the Weeli 

Wolli Creek area on the Hamersley Plateau ‘…were ventured into only for the purposes of 

hunting game animals and gathering wild foods’ (O'Connor and Veth 1984:16). Rockshelters 

located in higher elevation areas were probably only visited by small groups undertaking short 

trips from a residential base and the archaeological record should reflect these specific activities 

with low density and diversity of cultural material. For instance, upland areas often contained 

abundant hard wood (such as Acacia woodland) which was used for making tools and other 

artefacts. Extraction and collection required cutting and scraping tools and these might be 

found in rockshelters. However, there will always be a disparity between material culture found 

in the archaeological record and that described in the ethnographic/ethnohistoric record 

because most items used by Aboriginal people were made from perishable materials that are 

rarely preserved in the archaeological record. This means that an absence of stone artefacts 

should not necessarily signal the absence of people at a site at a given time.  Additionally, many 

special items (including trade items) are not commonly found at occupation sites – where most 

archaeologists excavate – because they were rarely discarded or were disposed of in places 

with special significance.  

Enhanced glacial aridity would have bought more unpredictability to resources and may have 

affected patterns of occupation that usually depended on the summer monsoon. Responses to 

increased aridity may also involve the entire group moving around more often, or over longer 

distances, or both, or “tethered foraging” within smaller ranges: a pattern of land-use relying 

on small foraging parties to undertake tasks using the location of ephemeral water sources 

which are concentrated in water-reliable ecozones in the uplands such as gorge systems and 
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major watercourse corridors. It is expected that sites located near these significant water 

sources will show evidence for longer occupation durations, higher frequency of use and 

possibly larger group sizes. More intensive occupation of these places translates into 

comparatively lower mobility, and perhaps place provisioning of tool-stone and other 

resources. Short-term drought probably saw the movement of groups into other territories – 

especially those with more permanent water sources – and the shifting of territory boundaries.  

However, foragers were not completely restricted to these water reliable ecozones during 

glacial aridity. After rainy periods, the many ephemeral drainage lines, creeks and waterholes 

dotted across the uplands formed a temporary lattice of resource patches for Aboriginal people. 

It can be envisioned that during these times, small groups of foragers increased their foraging 

range and frequency of movements between temporary water sources and associated resources. 

This ‘rain chasing’ movement across arid landscapes has been discussed by other researchers 

in similar ways (see Chapter 2 and also  Brown 1987; Connor and Quartermaine 1989; Smith 

2013; Veth 1993) as a strategy to combat marginal environments. Ephemeral water sources 

were just as important to people as permanent water sources during the LGM, and places nearby 

them should show evidence for repeated but short-term visits by small groups carrying mobile 

toolkits. The size and composition of groups traversing more marginal parts of the Pilbara 

would have been fluid, but overall population densities remained low.  

CHAPTER CONCLUSION 

Although they are categorised as a biological refuge, the semi-arid Pilbara uplands are clearly 

very diverse, encompassing gorge systems with permanent water sources and high biodiversity 

resource patches to marginal areas containing lower biodiversity, resource distribution and 

abundance and ephemeral surface water availability. Tool-stone availability does not seem to 

have been an issue because a range of suitable materials occur in all upland catchments. These 

factors created a series of opportunities and constraints for foragers. Indeed, human occupation 

of this diverse landscape was most likely highly varied. Ethnohistoric records indicate more 

intensive use of coastal resources (e.g. Dampier 1703:117; Gregory and Gregory 1884; King 

1827; Stow 1981; Withnell 1901) compared to inland resources (Brehault and Vitenbergs 2001; 

Gregory and Gregory 1884; Read and Coppin 1999; Tindale 1974), although this is almost 

certainly skewed by European explorers spending much of their time taking detailed 

observations in coastal areas. The significant climatic shifts that occurred during the LGM 
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impacted local environments and resources and clearly would have affected human populations 

residing in this already arid region. This relationship requires exploration at a higher resolution 

level with the archaeological record. This is undertaken in the next chapter.  
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CHAPTER 4 THE LAST GLACIAL 

MAXIMUM IN THE PILBARA UPLANDS 
 

 

The antiquity of human occupation in north-western Australia is consistent with the antiquity 

now accepted for most of Sahul. Boodie Cave on Barrow island was first visited between 51.1 

and 46.2 ka (Veth et al. 2017b) and Aboriginal people were settled across the inland Pilbara 

uplands by at least 45 ka (Cropper and Law 2018b; Marsh et al. 2018; Morse et al. 2014). This 

deep-time record, together with the Pilbara’s landscape diversity, makes the region ideal for 

investigations of arid zone adaptability and human-environment dynamics. The objective in 

this chapter is to critically assess the available evidence for Pleistocene rockshelter use, human 

mobility and human responses to environmental change and to identify problems and 

weaknesses in the available data and interpretations more generally.  

First, the Pleistocene archaeological record is introduced and patterns of rockshelter use are 

discussed. The Pilbara LGM record is then investigated on regional and local scales around the 

themes of discontinuities, spatial reorganisation and mobility. It is not my intention to evaluate 

each site that has been argued to exhibit LGM visitations but rather to focus on patterns and 

differences across the seven key sites with clear, unambiguous evidence for LGM occupation. 

It is important to state here that the term ‘continued site occupation’ does not necessarily mean 

uninterrupted site use throughout the LGM but repeated visits to a site that left physical 

evidence behind such as hearths, stone artefacts and animal bone. Throughout the chapter I 

make some general observations about how mobility has been examined. Finally, a chapter 

summary and some concluding observations on how we should be repositioning mobility 

studies and Pilbara LGM investigations are provided. 

Test excavations at Juukan 2 and Yurlu Kankala are published in Slack et al. (2009) and Morse 

et al. (2014). More recent excavations, which form this research, have superseded this earlier 

work. These sites are individually analysed in Chapters 7, 8 and 10 and are not discussed in 

detail in this chapter beyond noting their initial published sequences in tables and figures. 
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THE PILBARA PLEISTOCENE ARCHAEOLOGICAL RECORD 

Twenty-eight published sites in the Pilbara and Carnarvon bioregions have evidence for 

Aboriginal occupation during the Pleistocene (Figure 4.1). Site data presented here was 

amassed through review of published papers. I am aware of at least 20 more rockshelters or 

caves with Pleistocene deposits that have been excavated as part of heritage consultancy work. 

However, these reports are unpublished and are either not publicly available and/or not enough 

evidence is available to assess site occupation. One of these sites is Kakutungutanta (CB10-93, 

Figure 4.1), which is noted in Allen and O'Connell (2014) as containing a radiocarbon date of 

40.6 ± 1.5 cal ka BP with associated stone artefacts. No further information is published, and 

this site is not discussed any further here.  

 

Figure 4.1. The Pilbara and Cape Range subregion showing archaeological sites with Pleistocene dates 
discussed in the text (elevation data from Commonwealth of Australia [Geoscience Australia] 2011. 
Bathymetric data provided and compiled by Tom Whitley using Lambeck et al. 2014; Siddall et al. 2003; 
Waelbroeck et al. 2002; Yokoyama et al. 2001a). 

(1) Boodie, (2) C99, (3) Cleft, (4) Djadjiling, (5) Gum Tree Valley rock engravings, (6) Jansz, (7) Juukan 1, (8) 
Juukan 2, (9) Kakutungutanta (CB10-93), (10) Kariyarra, (11) Kunpaja, (12) Malea (Jundaru), (13) Mandu 
Mandu Creek, (14) Marillana A, (15) Mesa J24, (16) Milly's Cave, (17) Newman (P0187) Orebody XXIX, (18) 
Newman (P2055.2), (19) Noala, (20) Pilgonaman, (21) Watura Jurnti, (22) Yardie Well, (23) Yirra, (24) Yurlu 
Kankala, (25) DE-SH 1, (26) John Wayne Country Rockshelter, (27) HS-A1, (28) Hope 1-41, (29) HD07-3a-PAD13.  
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Five of the 28 published sites are located within 2 km of the coast on the Cape Range Peninsula 

and the rest are situated in the Pilbara inland uplands. More than half of the sites (n=17, 58.6%) 

were excavated during heritage consultancy work and, as a result, site distribution partly 

reflects industry focus in the iron rich uplands. Time and budget constraints for mitigation or 

salvage work often result in minimal sampling where only one or two square metre test pits are 

excavated. The resulting small sample sizes and consequent lack of variation in the quantity 

and type of finds make it difficult to adequately characterise occupation and chronological 

sequences (Hiscock 2001; Marwick 2009) or understand critical factors in the use of 

rockshelters (Langley et al. 2011). Many sites contain stratigraphic sequences with few age 

estimates, sparse cultural material with unclear associations with dates, and no detailed 

information on sediment accumulation and post-depositional processes.  

PLEISTOCENE ROCKSHELTER USE  

With the exception of Gum Tree Valley on the Dampier Archipelago, all Pleistocene sites in 

the Pilbara are rockshelters or caves. This skewed record has implications for interpretations 

of past human behaviour. A key question is whether the patterns in the rockshelter record reflect 

wider landscape use and mobility patterns. This is difficult to answer in the absence of 

Pleistocene records from open-air sites. The open sites which dominate the Pilbara surface 

landscape include artefact scatters, stone arrangements, shell middens, ceremonial grounds, 

engraving sites, quarries and ‘grinding grounds’ (Fullagar et al. 2017; Morse 2009; Reynen and 

Morse 2016; Ryan and Morse 2009). Surface sites, particularly those located near water 

sources, are typically much larger and more diverse than Pleistocene or Holocene rockshelter 

assemblages (Bird and Rhoads 2015; Morse 2009; Reynen and Morse 2016). The undeniable 

landscape density of this open site record (cf. rockshelter assemblages) clearly demonstrates 

that these places were the focus for past Aboriginal occupation. 

As in the recent past, rockshelters and caves were not preferred habitation places but probably 

formed temporary shelters during extreme weather. It is reasonable to assume that rockshelters 

were attractive places to visit during periods of climate stress because their natural formations 

provide shelter and warmth. However, they clearly formed only one node in a complex network 

of settlement and occupation. Recent work in the Doring River catchment of South Africa 

illustrates this point well (Mackay et al. 2014b). Previous archaeological excavations in 

rockshelters displayed a lack of occupation evidence during the late MIS 3 (c.60–24 ka), until 
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excavation of an open site along the Doring River recovered dense artefact concentrations 

dating to this time period (Mackay et al. 2014b). A decrease in occupation at rockshelters can 

indicate changes in mobility or territorial configurations, but it could also plausibly reflect a 

shift in occupational emphasis from rockshelters to open sites. Different depositional 

influences between rockshelters and open sites can also affect their site records (see 

discontinuity section below and Balme et al. 2018). The complex question of the role of 

rockshelters in wider landscape use will be discussed throughout this chapter. Here, I examine 

the archaeological evidence for Pilbara rockshelter use by Aboriginal people during the 

Pleistocene.  

Most Pilbara rockshelter records are dominated by stone artefacts discarded during episodes of 

non-intensive core reduction and tool-stone maintenance (Bird and Rhoads 2015; Cropper and 

Law 2018b; Marsh et al. 2018; Marwick 2002a). Lithic technology is generally characterised 

as a flake and core industry comprising informal core reduction and few retouched artefacts. 

These assemblages represent the remnant of an ingenious, sophisticated and adaptive 

technology that enabled people to live in challenging environments (Balme and O’Connor 

2014). Although organic technologies (e.g. wooden items and fibre technology) certainly 

accompanied early settlers to the Pilbara, little direct evidence for these technologies has been 

found in Pleistocene deposits, with several exceptions. Two sheets of paperbark (Melaleuca 

sp.) found in the deposit at Watura Jurnti, north-east Pilbara, were directly dated to 31 ka and 

28 ka, respectively (Marsh et al. 2018). Paperbark is noted as having a variety of uses, from 

wrapping and carrying babies or tools (Clement 1903:2; Withnell 1901:19–20) to making 

wooden scoops for seed gathering and ceremonial purposes (Withnell 1901:2, 6, 36) to 

covering human remains for burial (Connor and Quartermaine 1989:76). Twenty-two cone 

shells (Conus sp.) and fragments – that were all modified into beads and presumably strung 

together – were found in pre-32 ka deposit at Mandu Mandu Creek rockshelter on the Cape 

Range Peninsula (Balme and Morse 2006; Morse 1993). Indirect evidence for organic 

technology comes from recent microscopic use-wear and residue studies on retouched and used 

artefacts at Djadjiling and Jundaru (formally Malea rockshelter, Fullagar 2018). Use-wear 

analysis on a sample of 43 artefacts from contexts throughout the Djadjiling sequence found 

that most tools were used for wood working, using scraping, slicing, cutting drilling and boring 

motions. Some stone tools were used for soft plant processing, skin working, and seed grinding. 

A similar pattern was found on the 28 tools studied at Jundaru (Fullagar 2018). Evidence for 
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hafting was found on eight artefacts from pre-30 ka units at Djadjiling Rockshelter (Fullagar 

2018; Law and Cropper 2018). 

Organic preservation in most inland Pilbara rockshelter deposits is low. Jundaru in the eastern 

Hamersley Range is the only rockshelter with a relatively well-preserved faunal record, despite 

pH values becoming acidic (4.5, 5) halfway through the deposit (Cropper 2018c; McDowell 

2018). A total of 3533 specimens, representing at least 2611 individuals and 22 species, were 

recovered throughout the sequence. Kangaroo (Macropus robustus, M. rufus) predominates but 

numerous other mammals were identified, including bandicoot (Isoodon auratus), possum 

(Trichosurus vulpecula), quoll (Dasyurus hallucatus), rock-wallaby (Petrogale sp.), bat 

(Chiroptera sp.), mice (Pseudomys desertor, Leggadina lakedownensis) and bettong 

(Bettongia lesueur, McDowell 2018). Over half of the bones were burned and many were found 

associated with large hearths, suggesting that they represent cooked food (McDowell 

2018:404).  

Thin, single use hearths (Whitau et al. 2017) are common in rockshelter deposits (Brown 1987; 

Morse 1993; Morse et al. 2014; Veitch et al. 2005; Veth et al. 2017b). Several large deep 

hearths with mixed deposits described as possible ‘roasting or cooking pits’ were found at 

Jundaru (Cropper 2018c:106) but only in Holocene contexts (also see Brown 1987). Hearths 

provide light and heat and can be used in tool and artefact manufacture. They are focal points 

around which human activity and social interaction are organised. Natural cave and rockshelter 

formations became socially meaningful to the people that visited them. The use of hearths 

helped to domesticate the empty space of caves and rockshelters and gave them value so that 

they became remembered places visited repeatedly over the years (Galanidou 2000; Reynen et 

al. 2018; Tuan 1979). As people repeatedly visited these places and knapped tool-stone, they 

became a source of stone material with opportunities for reuse and recycling (Dibble et al. 

2017) and therefore became more attractive places to visit. 

Rockshelters formed within limestone deposits along Cape Range and in the north western 

uplands (which are now islands) demonstrate exploitation of a range of terrestrial and marine 

resources by early colonists and subsequent groups (Morse 1993, 1999; Przywolnik 2002b, 

2005; Veth et al. 2017b). Both terrestrial faunal remains (e.g. bilby Macrotis lagotis, euro 

Macropus robustus), dietary marine shellfish and sea urchin were recovered from 51-36 ka 

deposits at Boodie Cave. Macropod and muridae bones and a thylacine (Thylacinus 
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cynocephalus) jaw along with baler shell (Melo amphora) fragments and cone shell (Conus 

dorreensis) were found in pre-30 ka deposits at Mandu Mandu Creek rockshelter (Morse 1993) 

and were collected by people from nearby habitats. Baler shell is found in the lower intertidal 

and subtidal range whereas cone shells were collected from a rocky or reefed shoreline.  

Some evidence for seasonal rockshelter use comes from discard of emu eggshell in Pleistocene 

deposits at Janz (Przywolnik 2002b:232–236), Mandu Mandu and Pilgonaman (Morse 1993) 

and Jundaru (Cropper 2018c:106). As emus lay on a seasonal basis in autumn and winter 

(Malecki and Martin 2002:167), their presence at these rockshelters provides a possible marker 

for site visits in the cooler months. Alternately, it is possible that people collected the eggshells 

and then used the shells for purposes other than immediate consumption. The presence of edible 

sea urchin (Tripneustes gratilla) in the Pilgonaman Creek rockshelter deposit also hints at 

seasonal occupation during the wetter months of the year (Morse 1993:215–216). Food 

resources appear for the most part to have been locally sourced. Anthracological identification 

of charcoal from pre-LGM hearths at Boodie Cave indicate that wood collection for fires, 

including ranji bush (Acacia pyrifolia) and gum trees (Eucalypt sp.), also occurred locally, 

along watercourses and probably within close proximity to the cave. However, some marine 

resources were carried over greater distances. The transportation of dietary marine shell (such 

as Nerita and Terebralia) at distances around 20 ka at Boodie Cave on Barrow Island and up 

to 35 ka at Noala Cave on the Montebello Islands represents one or two days walk (Kelly 2007). 

The single trumpet shell (Syrinx aruanus) found on the surface of the Dampier Archipelago 

was directly dated to 22–21 cal ka BP (Lorblanchet 1992), which indicates transport over 

140 km from the coast if it was transported during this time.  

The presence of grinding material at rockshelters indicates activities such as seed-grinding or 

processing of tubers, nuts, seeds, wood, bone, small animals, shell and ochre pigments 

(Fullagar et al. 2015, 2017; Pitman and Wallis 2012; Reynen and Morse 2016). The earliest 

dated grindstone in the Pilbara is a ground BIF river cobble identified at site HD07-3A-PAD13 

in deposit dated via OSL to 47.1 ± 4.8–33.9 ± 2.5 cal ka BP (Cropper 2018a:442; Cropper and 

Law 2018c). Several lower grindstones were recovered from a more recent unit (33.9 ± 2.5–31 

± 3.1 cal ka BP). Additionally, “ground dolerite fragments” are reported from pre-28 ka levels 

at J24 (Hughes and Quartermaine 1992) but no further information is provided.  
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The wide range of materials found in Pleistocene rockshelter and cave deposits shows that 

these places were used for a variety of activities, including stone and organic tool manufacture 

and maintenance, fire making and processing and cooking resources. However, a common 

feature at all sites is the low rates of cultural material discard during the Pleistocene, which is 

the main proxy used to make inferences about occupation intensity, and by inference, mobility. 

Lithic discard rates are difficult to compare between Pilbara sites because they have been 

calculated in different ways including by numbers of artefacts per unit volume of sediment 

(Marwick 2002a) or simply through raw counts per excavation unit (e.g. Cropper 2018a, 2018b, 

2018c; Law and Cropper 2018), neither of which account for changes in sediment accumulation 

rates. Rates of artefact discard per time unit (e.g.  per thousand years) form a more robust basis 

for gaining a basic understanding of discard. However, the few dates that characterise many 

site deposits make it difficult to understand what period of time a stratigraphic unit or analytical 

unit represents. In many cases I have only been able to approximate rates from the available 

data.  

Jundaru, in the southern Hamersley Range, has the largest lithic assemblage (n=26,181 from a 

7.5 sq. m excavation, Cropper 2018c) of all rockshelters in the northwest. The highest rates of 

artefact discard occurred around 4000 years ago (n=15,313, c.383 lithics per 100 years) but 

Pleistocene discard rates are much lower, peaking between c.23–16 cal ka BP when around 25 

artefacts were discarded every 100 years (Cropper 2018c:117–119). Discard rates at other sites 

are typically much lower during the Pleistocene. For example, only 11 stone artefacts were 

discarded per 1000 years (from a 12 square metre excavation) at Watura Jurnti, northeast 

Pilbara, between 45–25 cal ka BP (Marsh et al. 2018). At Kariyarra Rockshelter, nine quartz 

artefacts and one quartzite flake were deposited between c.40–37 ka to c.30 cal ka BP (Morse 

et al. 2014). Low artefact frequency at this site is probably partly a result of sampling (1 x 1 m 

test pit) and demonstrates the difficulties of using small samples to reconstruct patterns of 

occupation beyond very broad inferences about non-intensive rockshelter use by highly 

residentially mobile people. Early occupation at Djadjiling rockshelter is the exception. Stone 

artefact discard rates at this shelter are highest around 40,000 years ago when 664 flaked stone 

artefacts were discarded during a thousand year period (Law and Cropper 2018:260). Discard 

rates, together with archaeomagnetic analyses (Haberle et al. 2018; Herries 2018) indicated to 

Law and Cropper (2018) that the rockshelter was most intensively used at this time. The 

numbers of artefacts discarded at the site declined after this time. 
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If stone artefact discard rates are taken to reflect occupation intensity then it is no surprise that 

Pleistocene foragers in the Pilbara are usually described as “small, highly mobile groups of 

people” (Brown 1987; Cropper and Law 2018c; Marwick 2002a). Further inferences about 

mobility are usually undertaken in two ways. First, it has been examined indirectly by 

comparing regional records through time – the spatial and temporal frequencies of site use – 

and making inferences about spatial reorganisation, and by implication, changes in mobility 

strategies. Secondly, mobility has been examined through intra-site stone assemblage analysis 

(e.g. Marsh et al. 2018; Marwick 2002a, 2002b). Changes in rockshelter occupation intensity 

(typically from lithic discard rates) and/or changes in the proportion of retouched tools or 

material preferences are interpreted to suggest changes in territorial organisation and/or 

mobility. In the next section the evidence for mobility on both regional and site-based scales 

within the LGM context are discussed. In doing so I make some general observations about 

how mobility has been examined and evaluate the argument for change or continuity in patterns 

of site and land-scape use.  

THE LAST GLACIAL MAXIMUM AT THE REGIONAL SCALE  

There is clearly a complex pattern of spatial and temporal variation in rockshelter use across 

the Pilbara and Carnarvon regions during the LGM (Figure 4.2). Seven sites contain 

unambiguous evidence for continued occupation during 24 ka and 18 ka. A further six sites 

have some evidence for LGM site visits but have very sparse cultural material and no direct 

dates which make it difficult to verify the timing of site visits. Six sites exhibit cultural, 

chronological or stratigraphic discontinuities. These discontinuities are discussed first because 

they form the backbone of regional and continental models of LGM occupation (e.g. Barberena 

et al. 2017; Hiscock and Wallis 2005; Smith 1988, 2013; Smith and Sharp 1993; Veth 1993; 

Veth et al. 2017a).  
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Figure 4.2. Chronologies of Pleistocene sites in the Pilbara and Carnarvon bioregions. Data used to make this figure comes from my interpretation of published site information. 

Calibrated median dates are used. The question mark indicates the presence of archaeological material below the lowest date. Unclear/little cultural material refers to sites with 

low chronological resolution and/or few cultural materials that makes it difficult to assess the timing of site visits. 
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THE QUESTION OF DISCONTINUITIES 

The question over whether the perceived lack of occupation during the LGM at many 

Australian arid zone sites reflects an actual absence of people at these places or is the result of 

other processes has been debated for decades (O’Connor et al. 1999; Smith 2013; 

Vannieuwenhuyse 2016; Vannieuwenhuyse et al. 2017; Veth 1989; Veth 1993, 2005; Veth et 

al. 2017a). This is a critical question as breaks in occupation at sites are used to support 

interpretations of regional abandonment in Australia and indeed, in other parts of the world 

(e.g. Barberena et al. 2015; Terberger and Street 2002).  

Discontinuities across north-western Australia are common but not systematic and are spatially 

and temporally variable (Vannieuwenhuyse 2016). They can reflect both natural and cultural 

explanations, such as changing mobility and site use patterns, reduced cultural discard and 

sedimentation, removal of layers or a mixture of these processes (Balme et al. 2018; Barberena 

et al. 2017; Vannieuwenhuyse 2016; Veth et al. 2017a). Some sites exhibit stratigraphic 

discontinuities (e.g. Kariyarra Rockshelter, Morse et al. 2014) where differentiated sediment 

units overlay each other, or lag deposits or roof fall occur between pre- and post-LGM layers. 

The presence of artefacts on the layer interface can help define whether occupation has ceased 

during this time – depending on the cause of the hiatus. This requires precise and highly 

detailed excavation which covers enough of the rockshelter ground surface to adequately 

characterise the nature of the discontinuity (see example in Balme et al. 2018). Sedimentation 

profiles with cultural hiatuses involve the accumulation of sediment without the deposition of 

any cultural material (e.g. Munt et al. 2018). Rates of sedimentation at rockshelter sites are not 

always coupled with human activity (Hughes and Djohadze 1980). Chronological 

discontinuities such as that seen at Boodie Cave (Veth et al. 2017b) are discernible 

chronologically in undifferentiated deposits (O’Connor et al. 1999; Smith and Sharp 1993).  

A review of Late Pleistocene/early Holocene stratigraphic records at rockshelter sites in 

northern Australia by O’Connor and colleagues (1999) showed that many inferred 

unconformities, argued by Smith and Sharp (1993; also see Dortch and Smith 2001), as 

widespread sediment erosion, are based on inferences drawn from poor-quality stratigraphic 

data. The common use of large, coarse-grained excavation units and analytical units in 

Australia can obscure these processes as well as fine-grained occupation signatures (Veth et al. 

2017a). Indeed, Veth et al. (2017a; see also Smith 2006) pointed out that rates of sediment 
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deposition in most Australian rockshelters are very low, averaging 23 mm/ka. This makes it 

difficult to define stratigraphic breaks or discontinuities. A more recent review of 

discontinuities in north-western Australian sites has recently been undertaken by 

Vannieuwenhuyse (2016). Variation in the timing and nature of discontinuities indicated to 

Vannieuwenhuyse (2016b:10) ‘complex site formation histories associated with each site’. In 

other words, site formation processes are primarily affected by local rather than regional 

factors. Vannieuwenhuyse (2016b:327) argued that interpretations of regional abandonment 

during the LGM from chrono-stratigraphic gaps cannot be substantiated as a lack of a 

stratigraphic record points to erosion and therefore an absence of evidence (see also Fanning 

et al. 2007; Ward and Larcombe 2003). Evidence for the absence of human presence can only 

be identified through the presence of a stratigraphic record with no associated cultural remains.  

These issues are illustrated by the Cape Range regional discontinuity. Whether they are 

cultural, chronological or stratigraphic, discontinuities during the broader LGM phase have 

been interpreted from the Cape Range sequences (Figure 4.2, Morse 1993; Przywolnik 2002b, 

2005). The published Cape Range data indicate an absence of cultural material and sediments 

at Janz between 36–34 cal ka BP and 12 cal ka BP and at C99 between 25 cal ka BP and 

9– 8 cal ka BP (Przywolnik 2005), whereas people continue to visit Mandu Mandu Creek 

rockshelter until 24–22 cal ka BP (Morse 1993). A piece of shell from Pilgonaman Creek 

returned an age estimate of 21,435–19,717 cal BP, suggesting a possible visit during the height 

of glacial aridity (Morse 1993:210). However, in the absence of other contemporaneous finds, 

it is possible that the shell was scavenged or reworked from earlier use of the site.  

These discontinuities are generally argued to represent predominantly cultural processes: an 

absence of people during the height of glacial aridity (Veth et al. 2017a). If this is the case, 

then Przywolnik (2002b) suggested that people may have abandoned the Cape Range area for 

the more productive inland Pilbara during the LGM. Perhaps a decrease in the availability of 

critical water sources in the limestone formations around the rockshelters impacted on the 

ability of groups to spend time in this area. However, the northwest coastline was probably 

very productive during the LGM under a macro-tidal regime (Veth et al. 2016; Ward et al. 

2013, 2014, 2015) and it does not make sense that people would abandon this area to trek inland 

towards the uplands. Przywolnik (2002a) alternatively suggested, following Morse (1993), that 

the trend could reflect an increasing focus onto the coastal resources of the retreating and now 

drowned LGM Pleistocene shoreline. Indeed, the increase in discard of marine food resources 
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at Mandu Mandu Creek rockshelter at c.26 cal ka BP suggests an increasing reliance on these 

resources just prior to site abandonment. Although the coastline in this area did not retreat more 

than 4–12 km because of the steep continental shelf, foragers may have chosen to stay close to 

marine resources or shift to the lower declination coastline further to the northeast as climate 

deteriorated rather than venture back inland to specifically visit limestone rockshelters.  

The absence of material in a rockshelter does not necessarily reveal that people were not in the 

area, just that they did not visit that rockshelter, or, that the evidence for LGM occupation is 

no longer there. Many researchers (O'Connor and Veth 2006; O’Connor et al. 1999; Smith 

2013, 2017a; Williams et al. 2015) continually advocate for higher-resolution records and 

analyses at individual sites, such as those at Cape Range, to understand depositional and post-

depositional processes better including levels of net sedimentation and rates of cultural discard. 

Detailed investigations of site formation processes at sites are becoming more widespread and, 

with Bayesian analyses, are leading to more refined and accurate interpretations of site 

occupation (e.g. Vannieuwenhuyse et al. 2017; Veth et al. 2017a; Veth et al. 2017b). Research 

should target small-scale discontinuities to explain regional discontinuities with more 

precision. What is clear from the variation in individual rockshelter occupation sequences in 

the northwest is that Aboriginal people were using rockshelters and landscapes in different 

ways. A different picture to that of the coastal bioregion is emerging from the inland uplands 

of the Pilbara.  

SPATIAL REORGANISATION WITHIN THE UPLANDS 

The Pilbara Pleistocene dataset is synthesised here by assessing the spread of cultural material 

(e.g. stone artefacts, faunal remains, shell) at each site in relation to radiocarbon and OSL dates. 

These are then summed together to give a measure of the number of occupied sites per thousand 

years (Figure 4.3) as a broad proxy for past settlement and a baseline for interpreting site-based 

analyses. This synthesis also provides a broad indication about when and how far humans may 

have been influenced by environmental conditions (Foerster et al. 2015). The number of 

occupied sites per millennium was calculated rather than per 500 years to account for the low-

resolution chronologies at many Pilbara sites. This method works on the assumption that 

increased human occupation should result in higher archaeological visibility. Radiometric 

dates were not used as a proxy for human activity (see for example Smith et al. 2008; Williams 

2012; Williams et al. 2014b, 2015) because of the small Pilbara sample size and the problems 
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associated with this method (see Chapter 2). Analysing only radiocarbon dates results in a 

dataset strongly determined by sample selection based on heritage consulting focus, sampling 

objectives and funding availability which becomes more skewed the smaller the dataset 

(Attenbrow and Hiscock 2015).  

 

Figure 4.3. Pleistocene database for the Pilbara and Carnarvon bioregions showing the frequencies of occupied 
sites per millennium against a simplified climatic backdrop. White line shows sea levels, compiled by Tom 
Whitley using Lambeck et al. 2014; Siddall et al. 2003; Waelbroeck et al. 2002; Yokoyama et al. 2001a. 

 

Significantly, the Pilbara dataset shows both coupling and divergence of the environmental and 

archaeological data through unpredicted rises and dips in site occupation. Like other sites in 

the arid zone, occupation sequences at many excavated northwest rockshelters follow modelled 

climatic fluctuations prior to 35 ka. After 35 ka, rockshelter use decreased slightly and 

plateaued. Around 24 cal ka BP, there is a divergence of the environment and the archaeology 

as the number of rockshelters visited increases during the height of glacial aridity.  

The heterogeneous environments and topographical complexity of upland areas means that 

they are well known to act as refugia for plant and animal species during times of major climatic 

change (Chapters 2 and 3). At face value, this evidence supports the Pilbara upland refuge 
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scenario because the number of occupied rockshelters increases during the height of glacial 

aridity. Within the Pilbara refuge, some sites appear to have been repeatedly visited, some 

visited for the first time while visits to other sites decreased markedly or ceased completely. 

Eight sites have secure LGM sequences with unequivocal evidence for site visits between 

24– 8 ka, demonstrating continued use of different parts of the uplands (Figure 4.4 and see 

below). However, as discussed above, the chronological resolution at many other sites is very 

low, which makes it difficult to evaluate associations between dates and cultural material, 

particularly during the LGM. Critiques on several sites with ambiguous LGM sequences have 

been made by other researchers (Marwick 2002b; Morse et al. 2014; Slack et al. 2009) and are 

not repeated here. It is not currently clear whether marked differences in individual site 

histories are an artefact of low resolution/sampling, local depositional or post-depositional 

processes or reflect a real variation in human occupation in different parts of the uplands. 

Test excavation results at Yurlu Kankala (Morse et al. 2014) illustrate the dangers of basing 

interpretations of past human behaviour on sites with only small surface areas excavated. In 

2013, three test pits were excavated across the rockshelter. A one square metre test pit (SQ 2) 

placed near the dripline of the rockshelter was excavated to 70 cm bs, and nine flaked stone 

artefacts were recovered (Morse et al. 2014:169–171). Two late Holocene dates were derived 

from in situ charcoal, which indicated a relatively recent occupation sequence. However, a one 

square metre test pit placed a few metres back into the rockshelter (SQ 4) returned a continuous 

45,000 – 42,000 year old sequence extending to a depth of 139 cm bs with multiple hearths and 

stone artefacts (n=98, Morse et al. 2014:170–171). This example demonstrates the problems 

with small excavated samples – a method which is prevalent across the Pilbara (Table 4.1) – 

as different parts of a rockshelter or cave can retain entirely different sequences. Increased site 

sampling, together with high-resolution site-based analyses, are critical to building more robust 

regional records. 
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Table 4.1. Pilbara Pleistocene sites showing surface area excavated. 

Site name Surface area 
excavated  
(sq. m) 

Reference Site name Surface area 
excavated  
(sq. m) 

Reference 

Boodie Cave 10  Veth et al. 2017b Kunpaja Cave 1  Morse et al. 2014 

C99  2.5  Przywolnik 
2002a, 2005 

Jundaru (Malea) 7.5  Cropper 2018c; 
Edwards and 
Murphy 2003 

Cleft Rock 
Shelter 

2  Marwick 2002a Mandu Mandu 
Creek Rockshelter 

3  Morse 1993, 1999 

DE-SH1 4  Slack et al. 2017 Marillana A 
rockshelter 

2  Marwick 2002 

Djadjiling 4.5  Law and Cropper 
2018; Law et al. 
2010 

Mesa J24 1  Hughes and 
Quartermaine 
1992; Hughes et 
al. 2011 

Gum Tree 
Valley (GTVT) 
rock 
engravings 

No excavation Lorblanchet 
1992 

Milly's Cave 2  Marwick 2002a, 
2002b 

HD07-3a-
PAD13 

5  Cropper 2018a Newman (P0187) 
Orebody XXIX 
rockshelter 

1  Brown 1987; 
Maynard 1980 

Hope 1-41 unknown Cropper and Law 
2018b 

Newman (P2055.2) 
rockshelter 

2  Brown 1987; 
Troilett 1982 

HS-A1 4  Cropper 2018b Noala Cave 2.5  Veth et al. 2007 

Jansz  1.5  Przywolnik 
2002a, 2005 

Pilgonaman Creek  2  Morse 1993 

John Wayne 
Country 
Rockshelter 

1  Ditchfield et al. 
2018 

Watura Jurnti  12  Marsh et al. 2018 

Juukan-1 1  Slack et al. 2009 Yardie Well 1  Morse 1993 

Juukan-2 1  Slack et al. 2009 Yirra  1  Veitch et al. 2005 

Kariyarra 
Rockshelter 

1  Morse et al. 
2014 

Yurlu Kankala 2.5  Morse et al. 2014; 
Reynen et al. 
2018 

 

Assuming that the Pilbara Pleistocene record reflects past human behaviour, variation in the 

timing and degree of site visitation probably reflects an entangled mix of drivers including 

constantly shifting local environmental conditions, socio-cultural obligations, mobility 

strategies and foraging ranges. Surface water availability was undoubtedly a critical factor in 

occupation. Marsh et al. (2018) attributed the continued, albeit low frequency, site visits to 

Warturi Jurnti to its proximity (c.10 km) to the large De Grey River floodplain corridor which 

contains large permanent pools of water. They suggested that this corridor provided a refuge 

during dry periods. Milly’s Cave in the southern Hamersley Range (below) was interpreted by 

Marwick (2002a, 2002b) as being most frequently visited during the late LGM. If it was active 

during the Pleistocene, then the permanent spring located near Milly’s Cave provides a 

straightforward reason as to why this small rockshelter was repeatedly visited (Marwick 2002a, 
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2002b). The geological formations of Cape Range, Barrow Island and the inland gorges provide 

surface springs and soaks that are usually recharged with the typical heavy and sudden rainfalls 

that the region is known for. Decreased local rainfall during the LGM would limit surface water 

availability in these formations and may explain why rockshelters in these areas were not 

visited.  

However, Jundaru contains the highest artefact discard rates of all Pilbara sites during the LGM 

(see more detail below), despite the small size of the shelter and its lack of significant water 

sources (Cropper 2018c:167). An ephemeral drainage line and several rockpools in the gully 

hold water after heavy rainfall, forming a waterfall just upstream from the rockshelter (Cropper 

2018c:93). No permanent water sources occur in proximity to the site, but the ephemeral water 

sources in the gully were probably an attractor to occupation and it is probable that the 

rockshelter was visited after rainy periods. The rockshelter is said by a Banjima Traditional 

Owner to be a source of native honey as well as an important mythological and ceremonial site 

(Cropper 2018c:91). Cropper (2018c) pointed out that, although discard rates at Jundaru are 

much higher than at any other recorded Pleistocene site in the northwest, they still represent 

only occasional site visits, even during the most intensively used Holocene phase. Djadjiling, 

also visited intermittently during the LGM, is located approximately 5 km southeast of Jundaru. 

Law and Cropper (2018) did not mention water sources near Djadjiling beyond noting a 

drainage line running through the gully so it is assumed that no permanent water is located 

nearby. The larger Weeli Wolli Creek system is located approximately 6 km to the east. 

The relationship between permanent water and occupation is clearly not straightforward as 

water availability most likely varied on very short-term (seasonal) as well as long-term time 

scales (drought, glacial aridity). If foragers spent more time in refugia following local rainfall 

patterns, then local resources may have become stretched over time and logistical trips may 

have increased to procure resources within a larger foraging range (Binford 1980; Mackay 

2009). This could result in a larger diet breadth at residential sites in upland refuges (Pyke et 

al. 1977; Stephens and Krebs 1986; Veth et al. 2007). During very dry phases in summer 

months and/or in areas with diminished water abundance, hunter-gatherers were probably 

highly residentially mobile because they spent shorter periods of time at individual water 

sources and in areas with more scarce and unpredictable resources. Social networks and non-

utilitarian mobility become critical for continued occupation when smaller groups are spread 

out over wider areas.  
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Indeed, despite an absence of absolute dates, the rock art of the inland Pilbara is used to suggest 

long distance movement and social networks during the Pleistocene (Maynard 1979; 

McDonald 2015; McDonald and Veth 2013; Mulvaney 2011, 2015). Motifs such as archaic 

faces and headdresses found throughout the Pilbara indicate shared imagery across vast 

distances (Clayton 2015; Maynard 1979; McDonald and Veth 2013; Mulvaney 2015; Piercy 

2011; Veth et al. 2011b). Long distance stylistic art links suggest regional connections occurred 

between the Dampier Archipelago and the Calvert Ranges, 1000 km to the southeast 

(McDonald 2005, 2015; McDonald and Veth 2006; Mulvaney 2013). These connections 

probably originated in the Pleistocene and there is no reason to think that the earliest settlers 

did not inscribe landscapes or manage long-distance social networks and mobility. Significant 

shifts in environment undoubtedly had marked effects on social and cultural landscapes but 

direct evidence for social networks is presently lacking. This is not unexpected. The likelihood 

of rarely found items being discarded in rockshelters and then preserving in often acidic 

Pleistocene deposits with low sedimentation rates resulting in prolonged periods of surface 

exposure is low (Marwick 2002a; Smith and Sharp 1993). Additionally, the impact of sample 

size on lithic interpretations is important to reiterate (Hiscock 2001). Increased site sampling, 

together with high-resolution site-based analyses, are essential to creating more robust regional 

records. Several recent excavations of Pilbara rockshelters with Pleistocene sequences have 

undertaken detailed stone assemblage analyses (Cropper and Law 2018b; Marsh et al. 2018; 

Veth et al. 2017b). In the next section I examine the eight sites with unequivocal evidence for 

LGM occupation together, to extrapolate patterns and trends in LGM site records.  

THE LAST GLACIAL MAXIMUM AT THE LOCAL SCALE  

Eight Pilbara sites (Figure 4.4) have unequivocal LGM signatures from directly dated hearths 

and/or strong associations between dates and cultural material. However, their stone 

assemblages have not yet been compared together to identify patterns and contrasts in 

technological organisation across the uplands. I undertake a synthesis of these site records here 

to assess what they suggest about patterns of site use and mobility through the LGM. Juukan 2 

and Yurlu Kankala are not discussed any further here (see Chapters 7, 8 and 10). LGM cultural 

assemblages at DE-SH1, Djadjiling Rockshelter, Jundaru, Milly’s Cave, Watura Jurnti and 

Yirra are summarised in Table 4.2 below. 
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Figure 4.4. The Pilbara Cape Range subregion showing archaeological sites with unambiguous evidence for 
continued human occupation between 24-18 ka (25) DE-SH1, (4) Djadjiling Rockshelter, (8) Juukan-2, (12) 
Jundaru, (16) Milly's Cave, (21) Watura Jurnti, (23) Yirra, (24) Yurlu Kankala (elevation data from 
Commonwealth of Australia [Geoscience Australia] 2011. Bathymetric data provided and compiled by Tom 
Whitley using Lambeck et al. 2014; Siddall et al. 2003; Waelbroeck et al. 2002; Yokoyama et al. 2001a). 

The presence of very few stone artefacts at a site may only indicate the presence or absence of 

people but when changes in discard rates are internally consistent at the regional level, there is 

a higher likelihood of changes in the regional system. Artefact discard rates at DE-SH1, 

Djadjiling Rockshelter, Jundaru, Milly’s Cave, Watura Jurnti and Yirra have been calculated 

in different ways and LGM analytical units are variably defined. For example, Slack et al. 

(2017) describe the LGM at DE-SH1 as ending at 20,700 years ago and do not differentiate 

between LGM and terminal Pleistocene assemblages. At Djadjiling and Jundaru, analytical 

units are created using artefact discard rates, hearth features, stratigraphic units and by 

approximating age ranges from age-depth curves (Cropper 2018c; Law and Cropper 2018). 

The LGM at these sites is encompassed within larger units correlating to approximately 

24– 16 cal ka BP. To compare all sites, I used available information to calculate discard per 

thousand years per analytical unit (Table 4.2). It should be noted that these figures are only 

approximations because of the coarse-grained chronological resolution across some phases and 

the absence of Bayesian modelling (with the exception of Yirra, see Appendix 1) to identify 

statistical outliers and define robust age-ranges for analytical units.  
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Table 4.2. LGM assemblages at sites with unequivocal evidence for LGM occupation. Age ranges for LGM analytical units are mostly approximate ages extrapolated from 
age-depth graphs by the authors. Artefact discard rates and sedimentation rates are approximations calculated from the data provided in published sources where 
possible.   

Site Area 
excavated 
(sq. m) 

Number of 
Pleistocene 
dates (C14) 

LGM 
analytical 
unit (cal 
ka BP) 

LGM cultural material LGM 
Discard per 
1000 years 

Stone assemblage – observations on trends and changes References 

DE-SH1 4 4 (1 x LGM) 
2 x OSL 
(1xLGM) 

20.4–10  - 47 stone artefacts, including 1 
core and 1 retouched tool 

4.7  
 

- Artefact discard rates increase after 10 cal ka BP to 
11/1000 years 

- Lithics made on ironstone, chert and quartz 
- Ironstone flakes become smaller with increased 

dorsal cortex between LGM and Holocene 
- No other attributes that indicate changes in 

technology through time 
- Little fragmentation  

Slack et al. 
2017 

Djadjiling 4.5  6 (2 x LGM) 24–16.5 
(AU 3) 

- 80 stone artefacts, including 8 
tools, no cores  

- Most artefacts (n=68) sitting in 
base of SU just above two 
small hearths dated to 24-23 
cal ka BP 

- Sedimentation rate c. 23 cal ka 
BP is c.11 cm/1000 years. 
Between c.15–7 cal ka BP 
slowed to c.2 cm/1000 years 

- Archaeomagnetic analysis: 
sediments accumulated 
around 23 cal ka BP exhibit 
little evidence for the 
presence of people 

<1  
 

- 24–16.5 ka represents the lowest phase of artefact 
discard during Pleistocene. 

- Raw material changes from predominant use of 
quartz in the preglacial c.40 cal ka BP unit to mostly 
chert use in AU4 and AU3. BIF frequencies decrease 
during the LGM but then increase in the terminal 
Pleistocene.  

- Few differences in reduction techniques and tool 
technologies through Pleistocene. Some variability in 
flake, tool and core shape and form through time but 
overall expedient reduction technologies. 

- Tool discard proportions decrease markedly during 
AU4 and AU3 but are still high overall. 

Fullagar 
2018; 
Haberle et 
al. 2018; 
Herries 
2018; Law 
et al. 2010 

Jundaru 
(Malea) 

7.5  6 (2 x LGM) 23–16 
(AU 6) 

- 1488 stone artefacts, including 
17 cores, 44 tools, one 
grindstone and one quartz 
crystal with use-wear 
consistent with rubbing soft 
tissues (Fullagar 2013: in CH: 
156) 

- Small proportion of animal 
bone (MNI:79) 

212 
 

- Artefact discard rates increase between 23–16 ka 
(from 134/1000 years between 30–24 ka) and into 
the terminal Pleistocene (467/1000 between 16–12 
ka). 

- Chert and BIF proportions decline between 23–16 ka 
while quartz increases.  

- Flake size decreases slightly through time. No 
patterns across other flake attributes that point to 

Cropper 
2018c; 
Edwards 
and 
Murphy 
2003; 
Fullagar 
2018; 
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Site Area 
excavated 
(sq. m) 

Number of 
Pleistocene 
dates (C14) 

LGM 
analytical 
unit (cal 
ka BP) 

LGM cultural material LGM 
Discard per 
1000 years 

Stone assemblage – observations on trends and changes References 

- One hearth dated to 19 cal ka 
BP. Two additional charcoal 
lenses in LGM unit 

- Sedimentation rate 19-18 cal 
ka BP is 7.5 cm/1000 years. 
Between c.18–10 cal ka BP 
slowed to 1.3 cm/1000 years 

markedly different flaking strategies through the 
Pleistocene. 

- Tool discard proportions decrease markedly between 
23–16 ka (6.8% to 3.9%) and stay at similar 
proportions into the Holocene 

McDowell 
2018 

Milly's 
Cave 

2  
(only one 
square 
metre 
analysed: 
SQ 4A) 

2 (1 x LGM) 22–17 
‘sealed 
LGM unit’ 

- 837* stone artefacts, including 
20 retouched tools, no cores 

- 191* stone artefacts discarded 
prior to 22 cal ka BP 

167* 
 

- Increase in artefact discard during LGM compared to 
>22 ka visits. 

- Increase in “locally available BIF-origin chert” during 
LGM  

- No change in artefact type diversity or reduction 
intensity between LGM and Holocene units. 

Marwick 
2002a, 
2002b 

Watura 
Jurnti  

12  13 (3 x LGM) 
7 OSL  

25–18  
(phase 6) 

- 30 stone artefacts, no mention 
of cores or tools  

- 4 g bone discarded 30–21 ka  
- Four hearths directly dated 

between 20–18 cal ka BP 
- Sedimentation rate 21–18 cal 

ka BP is 5 cm/1000 years. 

4 
 

- Decrease in artefact discard between 25–18 cal ka BP 
(10/1000 years) 

- Sharp decrease in quartz between c.25–20 cal ka BP 
as BIF/chert increases. 

- Slightly higher proportions of tools >30 ka (5-8%) 
compared to after 18 ka (3%). No information on 
LGM tools so presumed none.  

Marsh et 
al. 2018 

Yirra  1  6 (4 x LGM) 24–18  - 90 stone artefacts, including 
one retouched tool and five 
cores 

- Four hearths directly dated 
between 24–20 cal ka BP.  

15 
 

- Artefact discard rates decrease markedly (9/1000 
years) through the terminal Pleistocene. 

- Increase in BIF and quartz and decrease in chert and 
chalcedony after 20 ka 

Veitch et al 
2005; 
Appendix 1 

*recent re-examination of the Milly’s Cave stone assemblage by other researchers (P. Veth pers. comm. 2017) means that these figures should be treated with caution.  
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People initially visited Watura Jurnti, in the northeast Pilbara uplands, some 45,000 to 42,000 

years ago and continued to very occasionally visit the site through the LGM, as evidenced by 

consistently low discard rates through the Pleistocene (Table 4.2). DE-SH1, and possibly Yirra, 

were visited for the first time during the height of glacial aridity. Artefact discard rates were 

similarly low through the LGM at Watura Jurnti and DE-SH1 but higher at Yirra, where they 

were associated with four small hearths (Table 4.2). The continued use of Djadjiling and 

Jundaru in the southeast indicates continued but variable rockshelter use in this part of the 

Hamersley Range. The lowest phase of discard at Djadjiling during the Pleistocene occurred 

during the LGM (Table 4.2). Most lithics in the LGM unit are associated with two hearths 

directly dated to 24–23 cal ka BP: the start of the hyper-arid phase. Discard dropped markedly 

after this time. In contrast, nearby Jundaru, with its large Pleistocene assemblage (n=5324), 

shows a clear increase in artefact rates between c.23–16 cal ka BP (Table 4.2). An increase in 

discard rates is also apparent at Milly’s Cave after 22 cal ka BP (Table 4.2). However, recent 

re-examination of the Milly’s Cave stone assemblage suggests that revisions to Marwick’s 

lithic identification may be required (Peter Veth pers. comm. 2018). Overall, the seven LGM 

occupied sites show continued but variable directional trends in discard through the LGM, even 

at sites in the same catchment area.  

Changes in raw material use are often linked to changes in foraging range, mobility and a host 

of other behaviours (e.g. Hiscock 1988; Marwick 2002a; Munt et al. 2018). Marwick’s (2002a, 

2002b) interpretation of changing raw material use at Milly’s Cave is often used as key 

evidence for territorial reorganisation during the LGM in arid Australia (e.g. Smith 2013). 

Marwick argued that increased use of locally available BIF-origin chert between 

22– 17 cal ka BP at Milly’s Cave compared to late Holocene occupation (<1 ka) indicates 

retractions in foraging territory and increased exploitation of local resources during the LGM. 

This, Marwick (2002a:210) suggested, reflects more use of the nearby steep north-eastern scarp 

where Milly’s Cave is located rather than the low relief Plateau. The scarp area contains more 

abundant water, plant and animal resources compared to the lowlands. Putting aside possible 

issues with stone artefact classification, Marwick’s data shows that non-local chert still 

comprises over half (56.9%) of chert artefacts during the LGM (Marwick 2002b:27). 

Additionally, his classification of local and non-local materials to explain changes in territory 

is problematic. Marwick defined local BIF-chert as material found within the rockshelter, and 

exotic chert as all non-banded chert not found within the rockshelter or surrounding BIF 

formation.  
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Defining materials as local or non-local in the Pilbara is notoriously difficult (e.g. Bird and 

Rhoads 2015) because the character of BIF geological formations has resulted in multiple 

seams of different materials (e.g. chert, quartz, chalcedony, siltstone, ironstone) occurring in 

the same formation. These might or might not be banded, depending on the characteristics of 

the seam. Marwick’s ‘exotic’ chert could have been obtained from sources (cobbles, gravels or 

outcropping seams) 200 m or 20 km away from the rockshelter. The many drainage channels 

that criss-cross the inland uplands, including in the gully where Milly’s Cave is located, are 

often sources for tool-stone in the form of cobbles and gravels of various materials – 

particularly after strong water movement following heavy rains. Marwick did not undertake 

any geochemical sourcing work and his argument for changing territory based on inferred tool-

stone proximity is difficult to substantiate in a tool-stone rich landscape. Additionally, the 

absence of ‘non-local’ materials at a site does not necessarily point to an absence of longer-

distance movements (Gamble 1993). Until more comprehensive sourcing work is undertaken 

in the inland Pilbara, we cannot rely solely on changing material preferences from visual 

macroscopic characterisation of materials for making arguments about mobility and territory 

(Andrefsky 2009; Luedtke 1979). Hypotheses must be tested with other analyses, and 

comparable trends at other upland sites would represent an independent test of Marwick’s 

proposition.  

Similar changes in raw material proportions at Djadjiling, Jundaru and Watura Jurnti during 

the LGM (Table 4.2) suggest a real trend. Tool-stone sourcing at these sites (local or non-local) 

is usually based on macroscopic surface attributes on materials, whether tool-stone sources are 

noted in the immediate area and from geological observations. For example, Cropper 

(2018c:121) notes that the chert found at Jundaru is ‘relatively scarce in the immediate gully’ 

whereas BIF, shale and quartz are widely distributed in the area immediately surrounding the 

site. Chert and BIF proportions at Jundaru decline between c.23–16 cal ka BP and 

c.16– 12 cal ka BP while quartz increases significantly (Cropper 2018c:121). Quartz 

frequencies are highly variable throughout the sequence. In the Holocene, chert becomes 

dominant again as BIF use declines. In contrast, a marked increase in the manufacture of chert 

artefacts occurred between 24–16 cal ka BP at nearby Djadjiling. Law and Cropper (2018:227) 

suggested that this reflects a focus on stone with superior knapping qualities and/or long-lasting 

and resilient use potential. Marsh et al. (2018:10) related increased BIF/chert usage between 

c.25–20 cal ka BP at Watura Jurnti (Table 4.2) to the ‘reorganisation of behaviours in the more 

strident conditions of the LGM’. 
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It is entirely possible that the changes in raw material preference observed at multiple sites 

during the LGM reflect human organisational responses to hyper arid conditions such as 

changing foraging ranges and/or changing mobility configurations. However, many factors 

influence material selection (see Chapter 5), and it is not surprising that individual and group 

preferences for raw materials changed over time. Rio Tinto geologists affirmed that all raw 

materials found in the Djadjiling and Jundaru assemblages appear to be derived from the local 

geological formations (Cropper and Law 2018a:59). This appears to reflect procurement at all 

sites, and the trend of changing material use might just reflect changes in preference from one 

locally available material to another. Furthermore, changes in material use do not just occur 

during the LGM but are frequently variable throughout the Pleistocene and Holocene. 

Interpretations of changing raw material proportions clearly require integration with other 

aspects of technological organisation to make inferences about past behaviours.  

Pleistocene technological organisation in the Pilbara is typically interpreted as involving short-

range material procurement and non-intensive reduction within a landscape of ubiquitous tool-

stone sources. However, several other key trends in technological organisation are observable 

when the seven LGM assemblages are examined together. Similar shifts in tool discard rates 

occur at multiple sites and hint at changes in occupation duration. The Milly’s Cave retouched 

assemblage makes up 2.4% (n=20) of the LGM assemblage and did not differ significantly to 

the late Holocene assemblage (Marwick 2002b:30). However, retouched artefacts at Waturi 

Jurnti are described in all phases except the LGM (Marsh et al. 2018), suggesting that no tools 

were discarded at the site during this time. Additionally, a change in tool discard frequencies 

occurs at both Djadjiling and Jundaru (which contain the largest lithic samples) during the 

LGM. Tool discard rates at Jundaru (total n=1018, 3.9%) are highest during initial occupation 

around c.35 cal ka BP (6.8%) before decreasing between 23–16 cal ka BP (3%) and then 

increasing slightly again by the Holocene (3.9%, Cropper 2018c:138). Retouched artefacts 

(n=166, 12.6%) and used flakes (n=73, 5.5%) comprise a surprisingly high proportion of the 

total Djadjiling assemblage compared to other Pleistocene rockshelters, even during the LGM 

(Table 4.2). However, tool discard frequencies also decrease markedly between 

30– 16 cal ka BP. A decrease in tool proportions at Djadjiling, Jundaru and Waturi Jurnti could 

indicate changing site activities which might not have included making and maintaining 

wooden toolkit components (Fullagar 2018), or more likely, changing occupation duration as 

indicated by the reduced discard of longer-use life artefacts.  
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Table 4.3. Retouched/utilised artefact counts by stratigraphic layer at Djadjiling rockshelter (compiled from 
data in Table 8-12 in Law and Cropper 2018:272). 

SU (cal ka BP) Count of retouched/used 
artefacts 

Count of total artefacts Percentage of 
retouched/used artefacts 

1a/b: <7 11 130 8.5 

2: 16.5–7 33 152 21.7 

3: 23–16.5 8 80 10 

4: 30–23 15 153 9.8 

5: 38–30 40 136 29.4 

6: 40–38 59 664 8.9 

 

Law and Cropper (2018) and Cropper (2018c) did not directly discuss mobility or the evidence 

for changing mobility at Djadjiling and Jundaru beyond summarising that ‘there was a small 

resident population in the region that only briefly occupied sites and was highly mobile’ (Law 

and Cropper 2018:282). They noted that the evidence fits in with the refuge settlement model 

during the LGM but that the record indicates very non-intensive occupation during this time. 

Indeed, increased artefact discard between c.23–16 cal ka BP at Jundaru indicates more 

frequent site visits during phases of increased aridity. This picture of very non-intensive site 

use and stone reduction throughout the Pleistocene is reinforced by the little variation found in 

flake fragmentation rates through time at all sites which suggest little trampling or high energy 

context (Cropper and Law 2018b; Marsh et al. 2018; Marwick 2002a; Slack et al. 2017).  

Marwick’s (2002a, 2002b) detailed analysis of the Milly’s Cave assemblage represents the only 

direct investigation into mobility in the inland Pleistocene Pilbara using stone assemblages. 

Marwick described the Milly’s Cave stone assemblage as having ‘long-term technological 

conservation’ (Marwick 2002b:26). An absence of change in artefact diversity (measured as a 

count of types including backed artefacts, grinding, retouched and unretouched flakes) and 

reduction intensity (flake size and shape, termination type, dorsal scar count and platform type) 

between LGM and Holocene assemblages led Marwick (2002a:210) to argue that the increase 

in artefact discard rates during the LGM at Milly’s Cave related to an increase in the frequency 

of site visits rather than a change in mobility. He argued that adjustments in territory do not 

necessarily mean that changes in residential mobility were required. This is a valid point. 

However, Marwick’s mobility analysis of the Milly’s Cave stone assemblage is hampered by 

an absence of other Pleistocene records at the shelter for comparison (see discussion below).  
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As discussed above, Pilbara lithic technology appears expedient through the Pleistocene with 

no evidence to suggest that knappers systematically prepared cores (Table 4.2). Bipolar cores 

and flakes are rare. There is some suggestion of differential core reduction during the LGM at 

Jundaru. This site has the largest sample of cores (n=141) reported in a Pilbara rockshelter, but 

they still make up less than one percent of the total assemblage (Cropper 2018c:119). The 17 

cores discarded Jundaru between c.23–16 cal ka BP are more often rotated (n=12, 70.6%) 

compared to those left on-site during any other phase (Cropper 2018c:119). The five BIF cores 

discarded during the LGM have the highest average number of flake scars (n=12) than BIF 

cores discarded during any other occupation phase. (Cropper 2018c:123) noted that many cores 

must have been removed from Jundaru (and Djadjiling) because of very high flake to core 

ratios and a complete absence of cores left on site at Djadjiling during the LGM. Cores left at 

both shelters are small (< 87 mm maximum dimension) but most were regarded to have been 

discarded with the ‘potential for further reduction’ (Cropper 2018c:126-130; Law and Cropper 

2018:266-267). Core frequencies at other sites are too low for meaningful comparisons. 

However, this in itself exposes a pattern of very low core discard at all sites (Table 4.2). This 

signals extensive artefact movement which included core transport in and out of rockshelters. 

While core movement has been touched upon by several authors (Cropper 2018c; Law and 

Cropper 2018; Marsh et al. 2018), the implications of artefact transport on site formation and, 

consequently, analyses of assemblage composition, diversity and reduction extent – which are 

used to infer duration and hence mobility – requires further investigation.  

REFRAMING PERSPECTIVES ON PLEISTOCENE MOBILITY  

Aboriginal people continued to reside in parts of the Pilbara uplands through the height of 

glacial aridity. However, there is little evidence to suggest that rockshelter occupation was 

anything more than intermittent and ephemeral throughout the Pleistocene, including during 

the LGM. Furthermore, Pleistocene assemblages are clearly closely linked with rockshelter use 

displaying similar non-intensive on-site reduction that reflects very short duration visits. 

Foragers visiting these shelters throughout the Pleistocene are repeatedly summarised as being 

“highly residentially mobile”. I reiterate here that no sourcing work has been undertaken in the 

inland Pilbara and studies that use inferred distance to source to argue for changes in mobility 

and/or territory in lithic-rich catchments require caution. The question is then, if changes in site 

use, mobility and territory occurred during the LGM, how can they be identified from rarely 

visited rockshelters with small and similar cultural assemblages? 
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In tackling this complex question, I have first sought to understand the role of rockshelters in 

broader land-use patterns during the Pleistocene better, and then to identify regional and site-

specific trends in site use and lithic technology that might aid in building a different approach. 

Despite the comparatively large number of Pilbara rockshelters with LGM chronologies 

compared to other parts of the arid zone, stone assemblage analyses are not easily comparable. 

This makes it difficult to assess whether observed changes are site or area specific. Yet several 

trends have been identified here across LGM assemblages. These include patterns of increased 

or decreased artefact discard, changes in raw material preference and tool discard and, most 

clearly, a paucity of cores left at sites throughout the Pleistocene. Some studies have discussed 

the likelihood of core transport but go no further in discussing the impact of artefact transport 

on site assemblage formation and reduction analyses.  

What has been made clear from this examination is a need to move beyond descriptions of 

artefact type and raw material diversity to focus on other aspects of assemblage formation that 

can ‘unlock’ the variability in Pleistocene rockshelter assemblages. This requires comparative 

assemblages bracketing the LGM to identify patterns of mobility within the broad category of 

“high residential mobility”. The three recently excavated sites investigated for this research are 

all located in different parts of the Pilbara uplands with varied water carrying capacities. Their 

addition to the Pilbara Pleistocene record will greatly strengthen inferences about Pleistocene 

human movement and of human responses to environmental change. As discussed in Chapter 

2, occupation duration is a good parameter for distinguishing relative levels of mobility 

frequency in Pilbara rockshelter contexts because it can be systematically quantified and 

compared between assemblages.  

Perhaps the answer also lies with what is missing from assemblages as well as what was left 

behind. Artefact transport and mobile toolkits have not yet been directly examined beyond 

general observations about tool types and the scarcity of cores. If we can understand the 

movement of stone in and out of rockshelters, we can begin to understand human movement 

beyond rockshelters, to tease out inter-site patterning and tackle Pleistocene assemblage 

variability in a new way.  
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CHAPTER 5 CONNECTING STONE 

ARTEFACTS, SITE USE AND MOBILITY 
 

 

A major objective of this research is to identify and compare patterns of human movement 

from time-averaged stone assemblages. Foragers constantly transported toolkits and stone 

between locations to provision individuals and/or places in the landscape (Kuhn 1995). Stone 

artefacts become quickly depleted during use and resharpening, but tool-stone will not always 

be available when required for tasks because while foragers are constantly moving, material 

resources are fixed in the landscape. Stone is too heavy for people to carry more than what is 

required but it is impossible to anticipate all future needs and resource opportunities. 

Understanding the way in which mobility acts as a constraint on technology, and how this 

constraint is expressed in lithic technology, enables the identification of past mobility patterns 

(Shott 1986:20; Torrence 1983:13). Although archaeologists often disagree about the 

relationship between mobility and stone technology, most agree that this relationship is 

important to understanding lithic assemblage variation. However, reconstructing mobility from 

stone artefacts is a complex process because many variables affect the accumulation of lithic 

assemblages, including site function, artefact transport, manufacturing techniques, and the 

availability, form and quality of raw materials (Andrefsky 1994; Ditchfield 2016a; Jochim 

1989; Kuhn and Clark 2015; Schiffer 1996; Sellet 2006:223; Torrence 2001). Post-depositional 

processes can also affect assemblage variability, and these must be considered before any 

interpretations are made from the material record (LaMotta 2012; Schiffer 1972, 1976).  

The literature on the mobility-lithics relationship is extensive and there is clearly no single 

template for investigating mobility. This chapter evaluates, through selective reference to some 

of the key literature, how mobility is connected to and can be deduced from five measures:  

• raw material distribution and selection; 

• toolkit composition and tool design;  

• assemblage composition; 
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• reduction and retouch intensity; and 

• artefact transport 

In the final section of the chapter, an approach for reconstructing mobility from Pilbara 

rockshelters is proposed.  

TECHNOLOGICAL ORGANISATION 

The organisation of technology offers a theoretical framework for understanding the role of 

lithic technology in the economic and social realms of hunter-gatherer societies (Andrefsky 

1994, 2008a, 2009; Binford 1979; Carr 1994; Kelly 1988; Kuhn 1994; Magne 1985; Nelson 

1991; Shott 1986; Shott and Nelson 2008). Binford’s (1978, 1979, 1980, 1982, 1983) 

ethnoarchaeological research provided the theoretical underpinning for lithic technological 

organisation. This framework also relies heavily on middle range theory and HBE (Bamforth 

1986, 1988; Bamforth and Bleed 1997; Bettinger 1987; Binford 1978, 1980; Bousman 1993; 

Cardillo and Alberti 2013; Carr 1994; Clarkson 2007; Hiscock 2002a; Kelly 1983; Lin et al. 

2015; Sellet et al. 2006; Shott 1986; Winterhalder et al. 1981). This is reflected in the large 

body of research based on the view that economic logic will strongly dictate the decisions made 

by individuals and that these can be predicted using concepts from foraging theory that 

integrate the costs and benefits of lithic technology into its models (e.g. Bamforth 1986; 

Binford 2001; Clarkson 2007; Kuhn 1995; Marwick and Mackay 2011; Torrence 1983, 1989b). 

Technological organisation considers how variables such as mobility, site function, risk 

reduction and raw material availability influenced the final form of an artefact. The life 

histories of stone tools (acquisition, production and use/maintenance/discard) are deduced to 

allow identification of the activities undertaken at a site and of the site’s function within a 

system of territory exploitation (Andrefsky 2008a:4). Inferences can then be made about the 

wide array of behaviours represented in the archaeological record. One of the main themes of 

technological organisation is the reconstruction of hunter-gatherer mobility and adaptations to 

environmental constraints (Milliken 1998b:iii; Nelson 1991).  

Technological choices and the organisation of production activities are materially grounded. 

However, they are intrinsically social phenomena (Andrefsky 2009:4; Dobres and Hoffman 

1994:247 ; Nelson 1991:57; Paton 1994; Prentiss and Clarke 2008; White 2011; Wiessner 

1983). Social factors played a large part in conditioning the technological choices that people 
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made at a particular time and place (Torrence 2001:87). Technological organisation has been 

criticised for not adequately addressing the effects and outcomes of other non-technologically 

based decisions related to the procurement, use and abandonment of lithics (Nelson 1991:57). 

We know that technology concerns social interaction (such as divisions of labour), belief 

systems and practical knowledge of techniques and the environment (Conkey 1991; Dobres 

and Hoffman 1994:216; Torrence 2001; Wobst 1977). The perceived limitations of deciphering 

social behaviour from stone artefacts has hindered the exploration of social dimensions of 

technology, especially in Pleistocene contexts (Bailey 1983; Dobres and Hoffman 1994:212; 

Huchet 1991; Torrence 2001:90; Wiessner 1983). Despite these challenges, studies on the 

social importance of tools have a long history of successful application (e.g. Kohn and Mithen 

1999; Porr 2005; Sackett 1982; Tomasso and Porraz 2016). Aesthetic or symbolic values of 

rocks were most likely important drivers of selection, transport and use (e.g. Cane 1988; 

Colombo and Flegenheimer 2013; Gould 1980; Jones and White 1988; Morphy 1989; Paton 

1994; Taçon 1991). Access to raw materials can also be affected by social constraints (Milliken 

1998a; Taçon 1991; Wobst 1977). Indeed, a large body of Australian research reveals that stone 

tools can be imbued with aesthetic as well as symbolic values which result in extensive 

transportation and trading (Allen 1997; Brumm 2010; Cane 1988; Gould 1968, 1971; Gould 

and Saggers 1985; McBryde and Harrison 1981; Paton 1994; Taçon 1991). Technological 

organisation provides a means to investigate the connections between stone assemblages and 

many different aspects of past human behaviour. In the following section I summarise the key 

approaches to determining mobility from artefact assemblages under this framework. 

RAW MATERIAL DISTRIBUTION AND SELECTION  

Raw material availability, form and quality play a critical role in the procurement, manufacture 

and use of stone tools and in the formation of assemblage variability (Ambrose and Lorenz 

1990:19; Andrefsky 1994; Bamforth 1986, 2009; Byrne 1980; Dibble 1991, 1995; Ditchfield 

2016b; Eren et al. 2014; Gould 1980; Kuhn 1992; MacDonald 2008; Nelson 1991). Distance 

decay models posit that artefacts should become more reduced or retouched as the distance 

between the material source and place of use increases (Andrefsky 2008b; Bamforth 1986; 

Byrne 1980; Elston 1990; Hayden 1977; Hiscock 1986, 2009; McNiven 1993; Newman 1994; 

O'Connell 1977). Byrne (1980) studied the dispersal of silcrete from a large quarry in the 

Murchison, WA, to assess how materials alter as availability and supply diminish. He 
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concluded that increased distance to source was offset by increasing item maintenance, 

tightening the criteria of objects discarded, and increasingly procuring alternative tool-stone. 

Mobility also affects the availability of tool-stone because foragers are constantly moving 

across landscapes with immobile stone resources. Reducing mobility and thereby increasing 

the duration of occupation can reduce access to tool-stone, which inflates the costs of obtaining 

high quality materials (i.e. stone with high granularity and durability, Andrefsky 1994; Braun 

et al. 2009; Crabtree 1967; Elston 1990; Mackay 2008). Elston (1990:159-160) suggested that 

assemblages produced in these scenarios will contain higher proportions of local material (also 

see Dibble 1995; Holdaway 2000; Roth and Dibble 1998; Shiner et al. 2005). For example, 

Kuhn (1992) found that past foragers in coastal Italy relied on local pebble sources more 

extensively during longer occupations. If the local material is of inferior quality, then larger 

quantities of materials will be discarded in the process. In contrast to Elston (1990), Mackay 

(2005) argued that a decrease in the size and range of transported volcanic flakes and an 

increased use of locally procured poor quality quartz over the last 10,000 years at several sites 

near Ngarrabullgan Plateau, north-eastern Australia, suggests either an increase in residential 

mobility or a shift to logistical use of the area. He suggested that increased mobility placed 

restrictions on the size and range of transported volcanic artefacts, resulting in a greater use of 

poor quality locally available quartz which was discarded soon after use. Mackay’s suggestion 

of increased use of local quartz signalling an increase in increased mobility is in apparent 

contradiction to Elston’s (1990) argument that an increased reliance on local materials is 

indicative of less mobile people. This contradiction illustrates the complex interplay of 

variables that structure assemblage formation. Successful application of mobility measures is 

contingent on a robust understanding of the local context of individual sites. For example, this 

division is less distinct when good quality material is abundant and available (Holdaway et al. 

2004:43). Additionally, intangible social drivers can affect patterns of tool-stone selection and 

use. For example, Gould (1968:107) noted that Ngatatjarra families living in the Western 

Desert in the 1960s often transported “high-value” cherts or quartzites over 50 miles – even 

when better quality stone was available – as the material came from particular quarries located 

near a totemic “dreamtime” site, often a reflection of the ties that an individual had to a 

particular place (Gould 1971:161-162). A complex set of variables clearly influenced raw 

material procurement.  
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The source locations of materials found at a site are used to map distances travelled by groups 

and/or intergroup interactions and networking (Ambrose and Lorenz 1990:19; Gamble 1993; 

Pintar and Rodríguez 2015:156; Whallon 2006:261). The frequent use of tool-stone from 

locations distant from their point of origin is used to support interpretations of high mobility 

because the movement of stone over large distances infers long-distance human movement and 

territorial exploitation (e.g. Ambrose and Lorenz 1990; Bamforth 2009; Brantingham 2006; 

Ellis 2011; Elston 1990; Gamble 1993; Pintar and Rodríguez 2015). For example, McNiven 

(1994) used the increased presence of thumbnail scrapers and distantly sourced Darwin glass 

in post-LGM assemblages in Tasmania to suggest that foragers changed to more mobile 

settlement strategies during climatic amelioration. Most studies acknowledge that forager 

movement entails a great deal of complexity and that the distance that materials are carried 

from their sources are not manifest in all aspects of assemblage composition (Bamforth 2009; 

Brantingham 2003; Close 1999; Hiscock and Clarkson 2000; Kuhn 1995; Shiner 2008; Thacker 

2006). Indeed, foragers can be mobile within smaller regions (higher mobility frequency rather 

than distance) and use only local tool-stone. Inferring mobility from distance to source is best 

used with caution and in correlation with other evidence such as core reduction, tool use and 

artefact transport (Ellis 2011; Shott 1986).  

Raw material diversity can reflect the number of locations visited by foragers and hence lead 

to inferences about overall levels of mobility and of foraging range (e.g. Binford 1980; 

Clarkson 2008:305; Gould and Saggers 1985). Again, this measure is contingent on the nature 

of raw material sources and local context of individual sites. For example, sources of stone for 

flaking can be prolific and widespread within quite constrained catchments in many parts of 

the inland Pilbara (Bird and Rhoads 2015; Ryan and Morse 2009). This leads to a high diversity 

of raw materials in nearby assemblages that can skew interpretations of mobility. Raw material 

diversity and the local/non-local model have less utility in areas where abundant materials are 

widely distributed across a landscape.  

TOOLKIT COMPOSITION AND TOOL DESIGN 

Many mobility studies discuss tool design properties such as reliability, maintainability, 

transportability, flexibility and versatility to understand what design criteria are important to 

different mobility configurations (e.g. Bleed 1986; Bousman 1993:71; Cowan 1999; Doelman 

and Cochrane 2012; Hiscock 2006; Kuhn 1994; Nelson 1991; Torrence 2001:83). Technology 
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requires planning, even in landscapes with abundant materials, and all foragers have some form 

of ‘mobile toolkit’, or ‘personal gear’ (Binford 1979), that is, items that mobile people 

generally keep with them (Kuhn 1994:427). Kuhn (1992:186) defined technological planning 

as a ‘set of strategies that serve to make tools available when it would not otherwise be possible 

to have them’. How people provisioned themselves depended on their intended purpose and 

context. For example, when the location and timing of activities to be performed in the future 

is predictable and when resources are suited to exploitation from a central place of low 

residential mobility, foragers might use a place provisioning strategy by carrying materials 

and/or tools to specific locations to stock them for future use (Kuhn 1991, 1992, 1995). The 

range and quantity of extractive tasks may be greater at these places, and hence greater 

flexibility in tool form may be desirable.  

Individual provisioning means that individuals plan in advance, making sure that they have 

materials on hand for meeting needs as they arise (Kuhn 1995). This strategy has been linked 

to high residential mobility or high logistical mobility in variable or patchy environments 

(Kelly 1988; Kuhn 1995). Toolkits designed for individual provisioning will tend to be 

portable, flexible, versatile, maintainable and reliable, with relatively infrequent discard of 

these items. In particular, portability is a key design trait for highly mobile foragers (Kuhn 

1992, 1994, 2002:189; Dibble 1997, Dogandzic et al. 2015, Lin et al. 2013; Nelson 1991:73–

76, Shott 1986). Foragers using this strategy will more often provision themselves with finished 

tools rather than raw materials, to maximise the potential utility of the items relative to weight 

(Kuhn 2004:432). The relationship between mobility, tool design and the size of technological 

inventories has been documented ethnographically (Binford 1978; Kelly 2007; Kuhn 1994, 

1995; Lee 1979). Transportable designed toolkits are carried to the task rather than made at the 

task location, they anticipate future needs and they accommodate the constraints of mobility 

(Binford 1979; Nelson 1991; Torrence 2001). A prominent example is the toolkits of the !Kung 

San of southern Africa, which contain few tools and are designed to be multipurpose and 

lightweight (Lee 1979:119). Logically then, highly mobile groups are expected to carry around 

small multipurpose tools as part of their ‘personal gear’ or ‘mobile toolkit’ (Kelly 1988; Kelly 

and Todd 1988; Kuhn 1991; Nelson 1991; Shott and Nelson 2008). Transported items should 

be used more conservatively and extensively than other types of items regardless of mobility, 

because of their long period of use (Kuhn 1991:78).  

 



 

84 

 

FLAKE UTILITY  

Kuhn (1994) used mathematical models to identify the optimal design of lithic toolkits carried 

by highly mobile hunter gatherers. He argued that the best overall strategy for maximising 

utility, defined as mass, is to carry many small, possibly task-specific flake tools, rather than 

multi-tools. Larger flakes are easier to hold and can be more effective and longer-lasting than 

smaller flakes (Kuhn 1995:34) but smaller flakes become more favourable when portability 

becomes a concern (Shott 1986). Kuhn (1994) acknowledged that this contradicts ethnographic 

data supporting an inverse correlation between mobility and the number and diversity of 

implements (Shott 1986). This model has also been critiqued as small tools are argued to be 

quickly expended (Morrow 1996). Others argued that mobile groups preferred to carry 

multifunctional and portable tools to decrease the risk of uncertainty (Andrefsky 2010; Hiscock 

and Veth 1991; Kelly 1988). Kuhn’s optimal toolkit might be most suited to logistically 

organised groups who mostly undertake specific, predictable tasks rather than residentially 

mobile foragers who may require toolkits with greater generic utility for unpredictable tasks.  

There is clearly no single optimal solution because toolkit optimality changes in different 

environmental and social contexts (Hiscock 2006). Highly mobile foragers should lower 

transport costs by selecting transported artefacts with high utility per unit mass, whereas 

foragers that do not move as frequently or over long distances may not need to minimise mass 

(Kuhn 1992, 1995:23–24). Artefact selection therefore has the potential to inform on 

environmental and cultural constraints (Hayden et al. 1996), particularly in Australian contexts 

where ethnographic studies (e.g. Hayden 1979; Tindale 1965) demonstrate the importance of 

unretouched tools in the organisation of technology. Use-wear is defined here as modifications 

made to artefact edges and surfaces, usually in the form of small fractures along an edge, which 

result from friction between the worked material and the tool (Kamminga 1982; Kononenko 

2011:7). Retouch refers to systematic modification or resharpening on an artefact, usually 

through continuous flake scars removed on the edge of a piece to shape, rejuvenate or extend 

the use-life of a tool (Bleed 1986; Holdaway and Stern 2004:33). Retouched artefacts generally 

make up less than five percent of the total assemblage in Australian contexts and ‘formal’ tools 

account for less than one percent, while unretouched used pieces often comprise a significant 

component of toolkits (Dibble et al. 2017; Holdaway and Stern 2004).  
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Unmodified flakes do not require huge time or energy expenditure to make. Although they are 

more durable than most organic technologies, stone tools are often brittle, and their edges can 

wear out quickly (Dibble et al. 2017; Kuhn 1992). Dull edges can be sharpened through 

retouch, but this appears to have been reluctantly undertaken in Australian and New Guinean 

ethnographic situations (see examples in Holdaway and Douglass 2011:118–119). The most 

important factors to plan are having fresh edges, and, in places with varying raw material 

abundance, limiting consumption of raw materials (Kuhn 1992:187). Quantifying the size and 

shape of unmodified flake tools and flake blanks in an assemblage can therefore inform on 

utility, degree of standardisation and design considerations.  

Some historical accounts (e.g. Roth and Queensland Department of Public Lands 1904) and 

ethnographic studies (e.g. Binford and O'Connell 1984) provide detailed descriptions of 

predetermined core reduction strategies but many studies (e.g. Gould 1971; Hayden 1979:168; 

Hiscock 2004; White and Thomas 1972) record individuals casually knapping flakes from 

cores into a pile and then selecting certain flakes for immediate and future needs. Flakes were 

sometimes selected from a series of pieces previously made at a different time because places 

that were repeatedly visited became sources of tool-stone and previously rejected flakes formed 

a readymade supply of flakes (see for example Hayden 1979:85, 168). In his observations of 

two Alyawarra Aboriginal men knapping quartzite nodules in Central Australia in 1978, 

Hiscock (2004) noted that the knapper was unaware of the flakes produced: flake selection was 

made by someone other than the knapper. In these cases, the selection and use of flakes as tools 

was separate from the manufacturing process. Dibble et al. (2017) emphasised the disconnect 

between manufacture and selection (Figure 5.1) and the reuse of stone artefacts as important 

components of technological practices which are often overlooked (also see Douglass and 

Holdaway 2011). Whether or not a particular flake was used can depend on a wide range of 

factors including the proposed task, the function of the site, the size of a nodule or occupation 

duration. For example, the longer a site is occupied, the more likely it is that less preferred 

flakes are picked up and utilised, particularly if raw material availability is low. Other 

processes, such as sedimentation accumulation rates, also affect cycles of selection and re-use.  
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Figure 5.1. The dynamic and flexible process by which stone artefacts interact with the archaeological record 
(Dibble et al. 2017:829).  

A lack of standardisation in size and/or shape of unmodified flakes may reflect a greater 

concern with usable flake edge. Australian and New Guinean ethnographic records (e.g. Gould 

1971; Hayden 1979; Tindale 1965; White and Thomas 1972) demonstrate the importance of a 

flakes’ usable sharp edge. For example, Gould (1971:154) observed that Western Desert 

Aboriginal people knapping stone in the 1960s were mostly interested in the ‘angle of the 

working edge relative to the particular task involved’ rather than the overall shape of the tool. 

Citing these ethnographic studies, Lin et al. (2013) argued that the amount of cutting edge can 

be defined as an unretouched flake’s utility. In this scenario, flakes with less mass and longer 

edges are more economical. These researchers examined the variables directly under the 

control of the knapper which can contribute to increasing edge length to mass on flakes. It is 

well known that changing exterior platform angle (EPA) and platform thickness produces 

blanks of different size, morphology and utility characteristics (e.g. Dibble 1987; Dogandzic 

et al. 2015; Lin et al. 2013; Muller and Clarkson 2016; Shott 1994). For example, experimental 

work demonstrates that EPA is a key factor shaping flake terminations (Bonnichsen 1974; 

Cotterell and Kamminga 1979:111; Dibble and Whittaker 1981:287–288; Speth 1981:19). Lin 

et al (2013) found that increasing EPA and decreasing platform depth maximised usable edge 

per unit of volume on blanks, therefore reducing transport costs (also see Muller and Clarkson 
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2016). They suggested that strategies to increase the length of working edge include increasing 

overall flake size and changing the shape of a flake, such as increasing the ratio of length to 

width or decreasing flake thickness relative to surface area.  

Changing or controlling the morphology of flakes to provide more usable edge per units of 

mass is an economic strategy to increase the efficiency of lithic technologies and the material. 

Flake efficiency is expressed as an amount of usable edge per unit weight. Application of the 

edge length to mass ratio helps to explore the economic decisions people made when creating 

flake blanks (Dogandzic et al. 2015; Lin et al. 2013; Mackay 2008). Mackay (2008) provided 

an estimate of flake edge length by summing flake length, maximum dimension and width. 

This is then divided by the artefact mass to produce a comparable ratio of edge length to mass 

(mm/g). Higher values indicate a more efficient use of stone materials and therefore a means 

of tracking technological change. Lin (2013:742) and Mackay (2008) both emphasised, 

however, that assemblages with less ‘economical flakes’, i.e. flakes with less usable edge, are 

not necessarily less efficient lithic strategies. For instance, the intended strategy may have been 

to produce small squat flakes. 

Blade technology is often thought to have several advantages over standard flake production, 

predominantly the increased length of the cutting edge per unit weight (Bar‐Yosef and Kuhn 

1999; Nelson 1991:68; Parry and Kelly 1987; Sheets and Muto 1972) as well as standardised 

form and dependability (Hiscock 2006). In addition, blade reduction was considered by Clark 

(1987) as a good way to conserve material, as once a blade core is shaped, the majority of 

flakes that come off it will be usable and will have a high ratio of usable edge to total material. 

However, repeated experiments on blade and blade core technology have called into question 

these efficiency advantages (e.g. Dogandzic et al. 2015; Eren et al. 2008; Lin et al. 2013), and 

some researchers (e.g. Chazan et al. 1995; Eren et al. 2008; Lin et al. 2013) argued that standard 

flakes are more economic as their larger surfaces can be repeatedly resharpened, thereby 

extending their use-life. Muller and Clarkson (2016) found weak correlations between flake 

length, elongation and flake cutting edge efficiency. Their experimental work suggested that 

thin and narrow flakes with smaller platforms, diffuse bulbs, feather platforms and extensive 

platform preparation are the most ‘efficient’ flakes. Alternatively, other researchers (e.g. Eren 

and Andrews 2013; Eren and Lycett 2012; Surovell 2009) suggested that thick flakes are a 

good transport idea for highly mobile people because they are less likely to break and are 

therefore more durable and long lasting. Of course, variability in flake types increases the 
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multifunctionality of the toolkit overall. In sum, this body of research demonstrates that utility 

can be reflected in flake metric and technological attributes such as edge length to mass, high 

EPAs and thin platforms. If flakes do not have these characteristics, then perhaps portability 

was not a central issue for foragers.  

CORE TRANSPORT 

If carrying weight is not an issue, then cores represent a good and perhaps more versatile toolkit 

option than flakes because flakes can be created as required until the core is exhausted rather 

than retouching already worn flake edges (Close 1996; Kelly 1988; Kelly and Todd 1988; 

Nelson 1991; Phillipps and Holdaway 2016). Regularly transported cores have been 

ethnographically noted as part of ‘personal gear’ (e.g. Binford 1979:276; Kelly 1988). Cores 

can be prepared for transport by removing unnecessary weight, while retaining sufficient size 

for flake production (Binford 1979:262). Experimental studies indicate that some methods of 

core reduction are more ‘transport efficient’ than others. Jennings et al. (2010) used an 

experimental study to convincingly argue that small informal cores were equally efficient 

producers of quantities of useable flakes compared to bifacial cores. ‘Informal’ cores are 

blocky, amorphous nodules with no standardised morphology and several opportunistic 

platforms. Small informal cores were also more efficient at conserving stone transport weight. 

An earlier study by Prasciunas (2007) also found no significant difference in the amount of 

useable flake edge produced by informal and bifacial core reduction. Eren et al. (2008) 

compared efficiency between experimentally reduced discoidal and prismatic blade cores and 

concluded that discoidal core reduction produced more useable flake blanks. Highly 

residentially mobile foragers would want efficient transport solutions that provide flexible flake 

options. Evidence for formal core technologies, such as micro-blade cores, in the Australian 

arid zone is rare (e.g. Barton 2008; Veth 1995:95). 

Core transport is often associated with scenarios where travel distances are not substantial, 

where the availability of tool-stone is low or unknown, or where a particular material is 

preferred. Gould (1977) noted the transport of small white chert cores between distances of 

over 22 km from quarry sites to Puntutjarpa rockshelter in arid Central Australia. Cores made 

on white chert and other ‘exotic’ materials made up less than 5% of the core assemblage but 

were preferred for tool manufacture. Webb (1993) demonstrated the importation of silcrete, 

quartzite and quartz in the form of partially flaked or unflaked cobbles from between 40-80 km 
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away from source locations to Lake Cawndilla, a freshwater lake system in semi-arid western 

New South Wales. Some fully cortical nodules exceeded 30 cm in length and weighed up to 

six kilograms, signalling an intensive labour investment in obtaining material. The relationship 

between provisioning and transport must also be examined (Kuhn 1995:35). If bulkier items 

like larger cores or flake blanks were transported, then the evidence might indicate provisioning 

of places. Cores may have been stockpiled at locations as a place provisioning strategy and to 

avoid transport costs (Kuhn 1992; 1995). Binford and O’Connell (1984:418) observed the 

actions of three Alyawarra men in Central Australia in 1974 at a quartzite quarry. The men 

selected large cores, among other items, for transport from the quarry back to the campsite 

(Binford and O'Connell 1984:418). Jacob, an Alyawarra man, explained that cores were carried 

back to camp because they provide on-site sources of flakes. In other words, cores were 

transported to provision the campsite. Jacob said that the tools ‘most commonly employed at 

the camp were small flakes used for “cutting up things”’ (Binford and O'Connell 1984:418) 

and that the ‘mistakes’ could also be used for tools such as adzes and women’s spoons: these 

items are retouched rather than pre-shaped from the core. This study also provides one example 

of how cores were transported. Binford and O’Connell (1984:418) observed that “the men 

would all carry back roughed-out cores on their heads, using a cushion of grass wrapped with 

fur string to make a “nest” for the cores’. Flake blanks were also transported carefully as to not 

dull the edges, by being wrapped in bark pouches made from paperbark (Malaleuca lasiandra, 

Binford and O’Connell 1984:421).  

Overall, flakes and tools appear to have been transported over the greatest distances (e.g. Kuhn 

1992) compared to cores, which is unsurprising as flakes and tools provide the best ratio of 

utility to unit weight (Kuhn 1995:32). If core-based mobile toolkits were in most cases carried 

over shorter distances than flake-based toolkits, then the identification of toolkit configuration 

can inform on relative mobility distance. It is important, however, that this approach is 

combined with other measures of core reduction to account for the effect of variables such as 

raw material availability and quality. 
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ASSEMBLAGE COMPOSITION  

The overall characteristics of assemblages are important to considerations of the relationship 

between mobility and the occupation features of individual sites (Shiner 2008:29). Artefact 

discard is a time-dependent process, and assemblage composition can reflect occupation 

duration (Bamforth and Becker 2000:283). The presence or absence of artefact types discarded 

at a site and their frequency in relation to other artefact classes can inform on the activities 

undertaken at a site and on relative occupation duration. Analyses of entire assemblages rather 

than single artefact form or type strengthens mobility inferences as multiple lines of evidence 

are used. This is the primary angle used in Australian lithic analyses (Clarkson and Lamb 2005; 

Hiscock 1998; Holdaway et al. 2004; Holdaway and Stern 2004).  

For example, comparing proportions of complete and broken artefact types can help identify 

differences in rates of flake fragmentation that may be indicative of variation in taphonomic or 

technological processes. Breakage rates are good proxies for the competence of the knapper, 

variation in the technological process and maintenance and post-depositional processes (Amick 

and Mauldin 1997; Hiscock 1985, 2002b; Jayez and Vahdati Nasab 2016; Sullivan and Rozen 

1985). High frequencies of complete flakes indicate little post-depositional damage (Prentiss 

and Romanski 1989:95). High frequencies of longitudinally broken flakes are associated with 

breakage during manufacture resulting from a strong force exerted by hard hammerstones 

during the knapping process (Clarkson and David 1995:33; Crabtree 1972; Hiscock 1985). 

High rates of edge damage, transverse breaks and re-fits can reflect high energy contexts: 

increased trampling from long durations, more frequent site visits or an increase in flaking 

events that produced broken flakes (Hall and Love 1985).  

Many researchers associate high residential mobility with low diversity toolkits and logistical 

mobility with high diversity toolkits (e.g. Andrefsky 2005; Binford 1979; Bleed 1986; Shott 

1986; Wilkins et al. 2017). Diversity denotes the number of distinct formal tool types or classes 

in the technology (Shott 1986). Shott (1986) used ethnographic information to explore the 

relationship between mobility magnitude and frequency and the number of technological items 

transported. His analysis suggested that artefact diversity has an inverse relationship with 

residential mobility. Residential base camps should show the widest range of subsistence 

activities that generate the most diverse assemblages. This makes sense, as mobility and 

transport constraints are removed. Shott (1986:45-46) also suggested that as settlement 
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mobility decreases, the increase in material cultural inventories may be more often employed 

in non-utilitarian contexts that are related to the transfer of messages concerning social 

affiliation and status. Following on from this, Andrefsky (2005:206, also see Gould 1977) 

noted that short-term task-specific sites should display relatively lower artefact diversity as a 

narrower range of activities are undertaken at these places. These assemblages are largely 

determined by the amount of material that people brought with them (Kuhn and Clark 2015; 

Nelson 1991; Riel-Salvatore and Barton 2004). These global predictions must be examined in 

relation to specific behavioural contexts before they can be tested as other factors affect this 

relationship. For example, the diversity of tools at a location can also reflect the function of a 

site. 

 

Figure 5.2. The proposed relationship between artefact diversity and mobility (Shott 1986:25, Figure 2). 

Toolkit diversity is not readily applicable to Pilbara Pleistocene assemblages because there are 

few retouched tool classes. Distinct formal tools such as tula adzes and backed artefacts are 

typically found only in Holocene contexts. Instead, many tools comprise unretouched flakes. 

In addition, variation in the morphology of tool types is commonly a reflection of resharpening 

rather than design or function (Clarkson and Lamb 2005; Hiscock and Attenbrow 2003). The 

applicability of this measure to an assemblage depends on what is defined as an ‘artefact type’. 

Clarkson (2008) calculated diversity by counting the number of distinctive reduction sequences 

used to make retouched implements at different times. Some researchers simply note the 

presence or absence of formal tools and other items such as grinding material to evaluate 

assemblage activities and function (e.g. Bird and Rhoads 2015). In all cases, sample size 

indexes should be used to compensate for the known effects of sample size on diversity. 
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Tool discard frequencies are also affected by occupation duration. As occupation duration 

increases, the opportunity for long-use life tools to be discarded increases (Holdaway 2000; 

Veth 1993). At face value, places which were occupied for longer periods of time should have 

higher quantities of long use-life artefacts than places that were visited for shorter periods 

(Holdaway et al. 2004:43). During short stays, people should rely completely on what they 

have bought with them, and only a few transported tools should enter the record (Kuhn and 

Clark 2015). However, the proportion of tools relative to flakes and waste products is an 

important indication of occupation duration in time-averaged assemblages. Highly residentially 

mobile foragers should discard a higher frequency of retouched pieces/tools at a site and lower 

amounts of debitage than people using a site as a more sedentary base camp, where stone refuse 

is higher (Burke et al. 2018; Riel-Salvatore and Barton 2004). More prolonged occupations 

will increase the chance of tools being manufactured and/or discarded at a site but will also 

result in much higher amounts of debris per tools. Therefore, sites with longer occupation 

durations should have a lower proportion of discarded tools whereas places visited for shorter 

durations should have more tools. Either very short term or very long-term occupations 

represent the extremes of this continuum, whereas a mix of short and longer term occupations, 

or moderate duration site visits sit in the middle (Kuhn and Clark 2015:10).  

The strong negative relationship between retouch frequency and artefact density has been 

repeatedly demonstrated in studies in southern Europe and elsewhere (Barton 2008; Barton and 

Riel-Salvatore 2016:29; Barton et al. 2011; Burke et al. 2018; Clark and Barton 2017; Kuhn 

and Clark 2015; Riel-Salvatore and Barton 2004). These include studies where retouch 

frequencies are used as proxies for regional land-use strategies. A series of experimental and 

empirical studies show that high values for retouch frequency are associated with residentially 

mobile foragers and ephemeral occupations whereas assemblages with low retouch frequency 

primarily accumulated during longer occupations as base camps (e.g. Barton and Riel-

Salvatore 2014; Barton et al. 2011; Riel-Salvatore and Barton 2007; Riel-Salvatore and Barton 

2004). The flake to tool ratio compares how many flakes are in the assemblage compared to 

tools (Kuhn 1995; Kuhn and Clark 2015; Magne 1989). A ratio involving all waste products, 

i.e. debris and tools provides a way to investigate the frequency of tools (retouched artefacts) 

within entire lithic assemblages as an indicator for occupation duration. This measure, 

however, assumes a strong relationship between mobility and curation and does not consider 

artefacts with social functions which do not adhere to this relationship (Gould 1971) or the 

importance of non-retouched tools in Aboriginal toolkits. Variation can also occur from post-
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depositional processes and sampling (Kuhn and Clark 2015:10). These factors need to be 

considered when interpreting these ratios.   

REDUCTION INTENSITY  

Intensity of reduction is often used as an indicator of length or intensity of occupation (e.g. 

Clarkson 2007; 2008; Dibble 1995; Hiscock and Attenbrow 2003, 2005; Holdaway et al. 2004; 

Veth 1993, 2005). The extent of reduction present in a discarded assemblage can also inform 

on mobility and transport distances. For example, expected transport distance can affect tool 

stone processing decisions, such as the time taken to remove less-useful portions of stone at a 

procurement site (Beck 2008; Metcalfe and Barlow 1992). It is presumed that locations 

occupied for short periods of time should show minimal on-site reduction and occasional 

discard of long use-life tools (Nelson 1991). Predominantly later stage reduction can signal that 

the items have travelled over a greater distance before being discarded. As groups become more 

sedentary, they might change to more informal and ‘expedient’ stone technologies (Parry and 

Kelly 1987) and/or raw material reduction may become more intensive (Veth 1993; Dibble and 

Rolland 1992; Holdaway 2000). If the full reduction sequence of a nodule is presented at a site, 

then it is more likely that the nodules were not carried over a great distance (Kuhn 2004; 

Phillipps and Holdaway 2016). However, as discussed above, this relationship is complex and 

strongly influenced by raw material availability and properties. If a group spends longer periods 

of time at one place but material is not locally available, then they may conserve material and 

maximise tools and materials. Increased reduction intensity can suggest increased demand to 

keep tools and cores functional longer for a variety of reasons including shortages of raw 

materials at sites or restricted access to stone due to unpredictability of past and future 

movements (Clarkson 2008:302; Nelson 1991). The identification of reduction techniques such 

as bipolar reduction can signal economising strategies to prolong the use life of materials 

(Hiscock 1996).  

Reduction assemblage ratios include the flake to core ratio, which reflects the amount of core 

reduction that took place on-site and/or the removal of cores or flakes (Dibble 1995; Ditchfield 

2016a). Complementary independent reduction analysis on complete flakes and cores involves 

recording metric and technological attributes on individual flakes, cores and tools such as the 

amount of cortex and number of negative flake scars (e.g. Andrefsky 2008b, 2009; Bamforth 

1991; Clarkson 2007; Dibble et al. 1995; Holdaway and Stern 2004). An extensive field of 
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literature on reduction sequence studies, including experimental work has sought to understand 

how metric and technological attributes on individual artefacts fit into the reduction continuum 

(e.g. Amick et al. 1988; Andrefsky 2008a; Bradbury and Carr 1995, 1999, 2014; Carr and 

Bradbury 2011; Clarkson 2008; Dibble and Pelcin 1995; Dogandzic et al. 2015; Douglass et 

al. 2018; Flenniken and White 1985; Hiscock 1988; Hiscock and Tabrett 2010; Holdaway and 

Stern 2004; Ingbar et al. 1989; Macgregor 2005; Magne 1985; Magne and Pokotylo 1981; 

Marwick 2008a, 2008b; Pelcin 1997a, 1997b, 1997c; Shipton and Clarkson 2015; Shott 1994, 

1996a, 1996b, 2000, 2003, 2005; Shott et al. 2000; Tomka 1989). These studies demonstrate 

that reduction is not always linear as there is high variance in how flake and core attributes 

change as reduction proceeds.  

Clarkson (2007) created flake and core reduction sequences for artefact assemblages from four 

rockshelters in Wardaman Country, northern Australia. He classified flakes into reduction 

classes based on their platform type (cortical, flat, flaked/facetted and crushed/bipolar, Figure 

5.3) to assess changes in morphology and technological attributes as reduction proceeds. As 

expected, late-stage reduction was represented by less dorsal cortex and smaller flakes and 

flake platforms. The Scar Density Index (SDI), which is the total number of scars divided by 

core surface area, works on the concept that the ratio of flake scars will increase as core mass 

and surface area decrease (Clarkson 2013). Multiple studies (e.g. Groucutt et al. 2015; Li et al. 

2015; Shipton and Clarkson 2015) have demonstrated the usefulness of this measure for 

informing on core reduction intensity, despite the elimination of some core scars through 

subsequent flake removals. This index can also be applied to flakes by counting the frequency 

of scars on the dorsal surface of each flake and dividing this number by flake dorsal surface 

area (see above, Shott 1996).  

However, recent experimental work by Brown (2015) using a sample of nodules of different 

sizes and materials from the arid mid-west of WA, found nonlinear changes in flake and core 

metrics as reduction proceeded, such as an increase in the size of dolerite flakes as they were 

removed from nodules as reduction proceeded. Brown (2015) suggested that internal banding 

and flaws may be a prime cause of this result as they limit flake size and impede flake 

propagation. Indeed, tool-stone morphology, volume and its mechanical properties such as 

hardness and elasticity greatly influence the suitability and desirability of raw materials for 

knapping (Andrefsky 1994; Tomasso and Porraz 2016). Also requiring consideration is that 

the beginning of nodule reduction involves a lot of variation in nodule size and shape (and with 
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flake blanks that vary considerably), and it is only in more advanced reduction stages that 

stronger patterns occur (Shott et al. 2011). As with other measures, once reduction intensity is 

quantified it requires consideration in relation to other measures to make inferences about 

occupation duration. 

 

 

Figure 5.3. Clarkson’s (2007) flake reduction sequence model showing changes as reduction continues in A 
dorsal cortex, B flake mass, C platform area and D frequency of overhang removal as platform angle increases 
(figure from Clarkson 2007:90).  

 

RETOUCHED TOOLS  

Retouch indices are critical to many studies linking stone tool assemblages to mobility as high 

levels of curation and transport are often suggested to indicate frequent mobility (Andrefsky 

2010; Clarkson 2002a, 2002b; Kelly and Todd 1988; Nelson 1991; Shott and Nelson 2008; 

Torrence 1983). Tools become more retouched and used the longer that they are transported 

around a landscape, (Kuhn 1995; Roth and Dibble 1998; Shott and Sillitoe 2005). The concept 

of curation is central to studies of technological organisation and mobility. This term was first 
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introduced by Binford (1973, 1979). He did not provide an explicit definition of curation, 

defining it as tool transport between sites along with other activities such as caching and 

recycling (Binford 1973; Shott 1996a). This quickly generated extensive discussion on the 

concept and its exact definition (Bamforth 1986; Bleed 1986; Chatters 1987; Davis and Shea 

1998; Shott and Nelson 2008; Torrence 2001). Shott (1989:24; 1995) defined curation as ‘the 

degree of use or utility extracted’. This is expressed as a relationship between ‘how much utility 

a tool starts with – its maximum utility – and how much of that utility is realised before discard’. 

This definition, essentially how used up tools become, is an effective use of the concept 

(Andrefsky 2009). Many early studies viewed curation as a type of tool but Andrefsky (2006, 

2008a:8) argued that curation should be seen as a process associated with tool use rather than 

tool types. High or low curation refers to tools in phases of being curated from very low use 

relative to maximum potential use to very high use relative to maximum potential use. Curation 

can then be measured and placed into models of human organisational strategies. Curation 

allows a toolkit to be available and ready on hand when required, which relieves much of the 

problem of time stress (Torrence 1983) and raw material availability (Kuhn 1994).  

Curated tools were often contrasted with expedient tools in the earlier literature (e.g. Bamforth 

1986; Kelly and Todd 1988; Parry and Kelly 1987). Curated tools were recognised as having 

extensive retouch and expedient tools as having very little or no retouch (Andrefsky 2008a:8). 

Expedient tools are produced at hand when required or through minimal time and energy 

investment in manufacture (Gould 1980; Nelson 1991; Parry and Kelly 1987). Expediency 

depends on three main conditions: (i) the planned provisioning of materials or the knowledge 

of locally available raw materials near the activities being planned, (ii) no time stress, and (iii) 

either longer-term site occupation or regular visits to the place to take advantage of the 

available material (Bamforth 1986; Nelson 1991; Parry and Kelly 1987). An association was 

made between curated (formal, high retouch) items, expedient (informal, low retouch) items, 

and foragers and collectors (Nelson 1991). This was based on logic that highly mobile people 

could not risk being unprepared for jobs while on the move. Most lithic analysts today 

understand that this simplistic relationship is unrealistic. Defining technology into simple 

categories conflates ideas of artefact variability (Clarkson 2007). Nelson (1991) emphasised 

that curated and expedient strategies do not reflect a single artefact type or an assemblage type, 

but rather, they represent plans for facilitating ‘uses of the environment that can be carried out 

in a variety of ways and are responsive to a variety of conditions’ (Nelson 1991:62). For 

example, ethnographic observations from the Western Desert in the 1960s (Gould 1971) show 
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that Aboriginal men used a combination of ‘curated’ (adzes) and ‘expedient’ (unretouched 

flake fragments) technology during subsistence tasks. Many researchers suhave suggested that 

Australian foragers employed an expedient technology in landscapes where good quality raw 

material was abundantly available (e.g. Binford 1979; Hiscock 1988; Kelly 1988:719; Parry 

and Kelly 1987). This has been shown to be false in many different contexts (e.g. Barton 2008) 

and will be returned to later. It is worth noting here that curation does not require retouching 

either through shaping or resharpening. Unmodified tools may also have been ‘curated’ in that 

they were designed to enable multiple uses, transported and recycled (Douglass and Holdaway 

2011:122–123).  

More recently, researchers have developed retouch indices that quantify retouch as a proxy 

measure to assess the degree that a tool has been curated (Clarkson 2002b, 2007, 2008; Eren 

and Prendergast 2008; Eren et al. 2005; Hiscock and Clarkson 2005a, 2005b; Hodder 2012; 

Kuhn 1990). A focus on retouch extent allows an interpretation of the degree of tool reuse and 

maintenance, its effect on tool form and degree of curation and the use of these tools as 

economic strategies to buffer against the availability of raw material. Two of the more popular 

indices include Clarkson’s (2002b) Index of Invasiveness and Kuhn’s (1990) Geometric Index 

of Unifacial Reduction (GIUR). These indices measure different parameters of retouch (see 

Chapter 6) and each has its limitations (see discussion in Eren and Prendergast 2008). The 

debris created from retouching an artefact, and the discarded retouched items themselves, can 

also indicate the level of curation and the type of mobility strategy used by people (Shott and 

Nelson 2008:25). It is important to consider the influence of raw material availability and 

quality, production, function and repair before retouch can be applied to measure curation 

(Andrefsky 2005:227, 2008a). Retouch indices should be used in concert with other measures 

of technological organisation, but they provide a good indication of tool use-life which can be 

used to assess mobility in relation to assemblage composition and other variables. However, 

this measure is not applicable to unretouched tools and this bias needs to be noted during 

analysis.  

ARTEFACT TRANSPORT 

Accurate reconstructions of mobility require an understanding of what was removed from a 

site as well as on what was discarded on-site. This is important for two key reasons. First, 

artefact transport affects assemblage composition and needs to be accounted for before making 
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interpretations of mobility frequency (e.g. occupation duration) from assemblages. Second, 

while most of the measures discussed above aim to identify aspects of mobile toolkits, most 

assemblages primarily comprise debris which was not transported. Identifying the predominant 

type of toolkit carried across landscapes can provide a relative indication of mobility distance 

(see above). Distinguishing the archaeological signatures of different artefact transport patterns 

informs on mobile toolkits and planning strategies. Direct evidence for artefact movement has 

been shown through sourcing studies (e.g. Cochrane et al. 2017; Pintar et al. 2016; Sánchez de 

la Torre et al. 2017) and through refitting (e.g. Close 2000; Hiscock 2007a). Close’s (2000) 

refitting research in southwest Egypt is frequently discussed in mobility papers because it 

clearly demonstrates the physical movement of materials. She used refitting to show that stone 

was transported across short distances between resource patches throughout some 15 square 

kilometres of her study area in the southwest of Egypt. However, large proportions of debitage 

assemblages are never refitted and geochemical sourcing is only applicable if materials have 

readily identifiable chemical signatures. Both of these studies require high time investment. 

The presence of non-local materials can indicate the movement of individual pieces (Ellis 2011; 

Jones et al. 2003; Whallon 2006). Retouch indices can also signal mobility distance but 

examining curation in the absence of retouch requires alternative measures (Holdaway and 

Douglass 2012:123). Binford (1973) originally discussed curation as including the transport of 

artefacts between sites for future use: the selection of these artefacts was dependent on their 

potential for future use. However, many assemblages are primarily composed of debris (waste), 

which has not been transported, and in the absence of demonstrably non-local materials or 

refits, artefact transport options are challenging to identify.  

This problem can be approached by examining what has been left behind at a site to identify 

what has been taken away. Dibble et al. (2005) developed the cortex ratio to identify whether 

some products of manufacture were carried away from the place of reduction. The cortex ratio 

is based on the relationship between the surface area and volume of a solid object (Dibble et 

al. 2005). It determines whether all the cortical products of reduction are present in a stone 

artefact assemblage by comparing the observed amount with the expected amount of cortical 

surface area. Dibble et al. (2005) found that ratio values close to one indicated that all products 

of nodule reduction are present at a site. In other words, if the observed amount of cortex did 

not differ greatly from the expected amount of cortex, materials are not considered to have 

been transported. A greater or less number than one shows that more or less cortex is present 

and may reflect transport of cortical artefacts either into or away from the site – signifying the 
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movement of flakes in anticipation of future use. This method is contingent on the assumption 

that assemblages were produced from fully cortical nodules. 

Douglass et al. (2008) first used the cortex ratio in an archaeological context in south-eastern 

Australia. The study found that cortex was underrepresented in stone assemblages. This result 

was interpreted as reflecting the ‘extensive transport of large cortical blanks away from their 

place of production, thus providing an indication of high levels of prehistoric mobility’ 

(Douglass et al. 2008:46). Cortical flakes were generally removed in the early stages of 

reduction and were not usually considered to be desired pieces, unless the knapper was seeking 

large and robust flakes for a task. These results, when compared to palaeoclimatic evidence, 

were interpreted as reflecting highly mobile hunter-gatherers moving across long distances as 

a response to an unpredictable environment (Holdaway et al. 2010). The cortex ratio was 

successfully applied in other archaeological contexts, including Egyptian assemblages 

(Holdaway et al. 2010a, 2015; Phillipps 2012) and adze preforms in the southern Cook Islands 

(Ditchfield et al. 2014). These studies also used the volume ratio together with the cortex ratio. 

The volume ratio works similarly to the cortex ratio: it involves dividing the observed 

assemblage volume by the expected assemblage volume. Expected assemblage volume was 

derived through calculations of original nodule size, shape and frequency specifically for core 

transport.  

Ditchfield (2016a) further refined this method to provide a more robust way of distinguishing 

the archaeological signatures of different transport options for flakes and cores. He tested three 

different transport scenarios using an experimental assemblage, 1: flakes transported from 

assemblages made on fully cortical nodules, 2: flakes transported from assemblages made on 

partially cortical nodules and 3: cores transported from assemblages made on fully cortical 

nodules. Ditchfield (2016a) supplemented the cortex and volume ratios with the flake to core 

ratio, non-cortical flake to cortical flake ratio and flake/core diminution test. These measures 

are affected both by reduction intensity and artefact transport because they are based on the 

frequencies of types of flakes and cores. If the type of artefacts that have been moved in and 

out of the site (e.g. cortical flakes or cores) are unknown, then the indices do not provide an 

accurate representation of reduction intensity. Cortex and volume ratios are not affected by 

reduction intensity as cortical surface area and volume do not decrease but spread across flakes 

as reduction proceeds. As these ratios only measure artefact transport, the effect of transport 

on the reduction indices can be examined before they are used to assess transport and reduction 
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intensity. Ditchfield (2016a) found that the ratios and supplementary measures changed in 

relation to the different transport scenarios. For example, when flakes were removed from fully 

cortical nodules, the cortex and volume ratios decreased (reflecting the removal of surface area 

and volume from the assemblage), the flake to core ratio decreased (reflecting the removal of 

flakes) but the non-cortical to cortical flake ratio increased as cortical flakes are removed. 

The results of Ditchfield’s (2016a) experiment and other successful applications of the cortex 

and volume ratio signal the potential applicability of this method for distinguishing transport 

patterns at Pilbara rockshelters. This method does not seek to find all the transport scenarios 

that took place at a site, but to identify the predominant transport pattern in an assemblage. 

There are, of course, limitations, one key one being that, currently, only three possible transport 

scenarios have been simulated out of the many different transport options that would have 

occurred in the past. The impact of other transport patterns on archaeological assemblages, and 

on the ratios and indices, is unknown. There is an element of circularity to the cortex and 

volume ratio as they are calculated using each other. Equifinality is another problem. As is 

typical of most archaeological interpretations, different transport scenarios, and other factors 

such as knapper skill and post depositional processes (e.g. recycling of materials from older 

deposits) could produce similar results. More case studies are required to interpret variation in 

ratios, and to consider the influence of contextual factors such as reduction intensity and nodule 

size (e.g. Ditchfield 2016b; Lin et al. 2015). However, this is a viable method for 

conceptualising past mobility distance through the ‘hard evidence’ for artefact movement. 

Ditchfield emphasised (2016a:49) that his set of indices can reflect artefact transport in 

scenarios of different reduction technique or knapper goals. Volume ratios will always be one 

if no items have been bought in or out of the site, and below one if items have been removed 

(assuming the assemblage is created from fully cortical nodules). Importantly, the identification 

of assemblage components which have been removed or added to informs on site formation, 

and, together with assemblage composition and independent reduction analysis, provides a 

more accurate understanding of reduction and therefore mobility frequency.  
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MEASURING MOBILITY FROM PLEISTOCENE STONE 

ASSEMBLAGES IN THE PILBARA 

The above discussion demonstrates how mobility can be reconstructed from stone artefacts 

using a range of techniques, some of which are suitable for application to Pleistocene 

assemblages in the Pilbara and some of which have less utility. An approach comprising a 

series of complementary measures to infer mobility from Pleistocene lithic assemblages in the 

Pilbara is proposed here. This approach predicts that mobility frequency and distance will 

affect particular characteristics of stone assemblages and that these aspects of mobility can be 

quantified and compared through time-averaged archaeological records in a relative (e.g. 

higher or lower) rather than absolute sense. The objective of the proposed analysis is to identify 

mobility from the Juukan 2, Murujuga Rockshelter and Yurlu Kankala stone assemblages 

through the following measures:  

• Artefact transport, 

• Flake utility and standardisation, 

• Raw material selection, 

• Assemblage composition, 

• Reduction intensity, and 

• Tool use.  

 

The rationale behind each measure is summarised below and the methods used to calculate 

them are detailed in Chapter 6.  

Transport is an important consideration in analyses of assemblage characteristics and 

reduction because the movement of artefacts in and out of a site directly impacts the 

composition of assemblages. Identifying what types of materials were transported is a critical 

step in understanding assemblage formation (e.g. Dibble 1987; Dibble et al. 2005; Ditchfield 

2016a; Ditchfield et al. 2014; Douglass and Holdaway 2011; Douglass et al. 2008; Holdaway 

et al. 2015; Lin et al. 2015; Phillipps and Holdaway 2016). A review of Pilbara rockshelter 

stone assemblages in Chapter 4 revealed a distinct paucity of cores which may signal core 

transport. Determining what type of items were moved in and out of sites (cortical flakes, non-

cortical flakes, cores) informs on how Aboriginal people provisioned themselves and can 

indicate relative mobility distance. Kuhn (1995) approached the relationship between mobility 
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and provisioning strategies as an informal optimality model, where a combination of the most 

advantageous options or mixes can be identified. Flake utility in relation to mass is an 

important design consideration for groups moving frequently and/or across long distances. 

Measures of flake utility, including the edge length to mass ratio, can be quantified and 

compared on unmodified flakes and discarded tools to assess flake selection and desired 

attributes (Roth and Dibble 1998:52–53). Additionally, as Douglass et al. (2018) suggested, 

quantifying core use-life adds an additional perspective to understanding the utilisation of 

unretouched tools because knappers could produce and use an abundance of edges through 

rapid flake production to continue their activities rather than retouching worn edges. Core use-

life can be quantified using SDI (Scar Density Index) and other metric and technological 

attributes.  

Raw material availability strongly impacts stone assemblage formation and can be connected 

to past behaviours like mobility. The problems associated with understanding the diversity and 

mobility dichotomy when applied to inland Pilbara assemblages were discussed above. In 

essence, sources of stone for flaking in the Pilbara uplands are unusually prolific and 

widespread within quite constrained catchments. Most materials located within proximity to a 

site and which can therefore be considered ‘locally available’ are also found across the 

surrounding uplands. This makes it difficult to determine whether tool-stone used by foragers 

is local or brought into the area. As a result, mobility cannot be identified through stone tool 

procurement strategies at most Pilbara upland sites. Murujuga Rockshelter is the exception to 

this, as the raw materials that are not available on the present-day island, i.e. within 10-12 km 

of the site are known and are considered as ‘non-local’ materials. Understanding raw material 

selection at each site is important because raw material selection is the product of a series of 

choices made by people and is influenced not just by economic or environmental factors, but 

by the socio-cultural landscapes in which they lived (Shiner 2008). Changes in raw material 

proportions through time can signal a change in circumstances but this requires examination 

with other measures. 

If suitable raw materials are universally easy to obtain, as is the case in many parts of the 

Pilbara uplands, then the extent to which artefacts were consumed depends more on the 

duration of occupations or regional patterns of land use rather than on material availability and 

costs (Kuhn 1995). Assemblage composition can inform on site use and function, leading to 

regional inferences on the role of rockshelters in human land-use and mobility systems. 
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Occupation duration refers to the relative length of time spent at a site as opposed to the 

movement between places and therefore informs on the frequency of group movement. 

However, in the case of time-averaged assemblages, while occupation duration might stay the 

same, the frequency of site visits within a time period might change. Therefore, sites that were 

frequently visited for short periods of time might accumulate similar amounts of debris to sites 

that were infrequently occupied for longer periods of time. To account for different occupation 

types, the proportion of components within an assemblage requires examination together with 

other measures to produce the most likely scenario. Artefact discard can be examined in 

relation to artefact type frequency (i.e. debris to long use-life tool ratio), to assess the 

relationship between retouch frequency and artefact density and whether tool or core use-lives 

exceeded occupation durations. Broken flakes can be classified into breakage types to 

determine the presence of breakage patterns that could be attributable to human behaviours. 

Flake to core ratios provide assemblage-wide indicators of reduction extent and/or the transport 

of artefacts in or out of a site. Independent reduction analysis using flake and core metric 

and technological attributes can identify reduction techniques and intensity and, in combination 

with other measures of assemblage composition, can suggest duration and frequency of 

occupation (e.g. Clarkson 2007; 2008; Dibble 1995; Hiscock and Attenbrow 2003, 2005; 

Holdaway et al. 2004; Smith 2006; Veth 1993, 2005). Viewing artefact retouch as a continuum 

(e.g. Hiscock and Attenbrow 2005), retouch intensity indices can be used to understand the 

extent of curation, or utility, of retouched tools. In sum, the measures described above can be 

applied to Pilbara rockshelter assemblages to produce relative measures of mobility distance 

and frequency that can be compared across temporal units to assess patterns and changes 

through the environmental changes of the late Pleistocene.  

CHAPTER CONCLUSION 

This chapter illustrates the diversity of methods and approaches that are used to infer hunter-

gatherer mobility from stone artefacts. Most measures derive from general concepts and 

theories about group movement and are therefore broadly applicable to a wide array of 

archaeological settings. Proponents of these measures argue that global aspects of people’s 

lives are ‘reflected fairly directly in technology’ (Bamforth 1991:216–217). However, this 

emphasis on very general conditioners of technology glosses over the local social and 

environment conditions that mediated the technological choices that people made. It cannot be 

expected that a specific methodological procedure developed under one circumstance would 
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automatically work in another (Nelson 1991:85). Interpretations of the same archaeological 

signature may differ depending on many factors including the spatial distribution of raw 

materials, raw material abundance and quality, technological systems, sedimentation rates, 

conflation of material and other post-depositional processes. Throughout this chapter, the 

importance of local context is continually emphasised in mediating the effects of global aspects 

of hunter-gatherer mobility and the interfaces between multiple causal factors as conditioners 

of technology. A series of measures for identifying relative mobility frequency and distance 

from Pilbara stone artefact assemblages have been outlined here. Validating and testing 

mobility measures through contextual observation and against each other are critical to 

strengthening inferences made and revealing ambiguities (Lin et al. 2015:99).  
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CHAPTER 6 METHODS 
 

 

This chapter describes the methods used to analyse the lithic assemblages at Juukan 2, 

Murujuga Rockshelter and Yurlu Kankala with the aims of reconstructing mobility and 

investigating whether we can identify if and how people responded to environmental change 

through their stone technology. Six complementary measures of mobility are examined: 

artefact transport, flake utility and standardisation, raw material selection, assemblage 

composition, reduction intensity and tool use. Other factors that affect assemblage formation, 

such as raw material quality and post-depositional factors, are also examined. The methods 

used to assess site formation and build site chronologies and analytical units are outlined in the 

first section of this chapter. The combination of techniques used to investigate the assemblages 

and procedures for their application are then presented. Statistical methods are outlined in the 

final section.  

CHRONOLOGY 

Investigation of archaeo-stratigraphic sequences was undertaken at all three sites to examine 

natural and anthropogenic depositional and post-depositional processes. The scale of 

investigations varied at each site and are individually detailed in each site result chapter. Age-

depth curves were built to assess the relationship between age, depth and sedimentation rate at 

each site. Bayesian analysis was undertaken at all three sites to provide the most probable site 

chronology by incorporating prior information on the chrono-stratigraphic context of all age 

determinations. 

Analytical units were created using stratigraphic units where applicable. These are defined by 

their natural features (sediment type, grain size, colour, texture, inclusions). Categorising 

artefact assemblages into analytical units carries certain assumptions about contemporaneity 

and integrity from both behavioural and natural processes (Dibble et al. 2016). Rockshelters 

and caves typically occur as palimpsests or time-averaged deposits that probably represent a 

mix of shorter and longer term visits with a combination of individual events and activities 
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(Bailey 2007:204; Bailey and Galanidou 2009; Straus 1990). The low chronological resolution 

of both the stratigraphic sequences and age ranges of most Pilbara Pleistocene chronological 

sequences mean that changes smaller than within 500-1000 years are often difficult to discern. 

This coarse-grained approach has limitations, mainly as it aggregates and homogenises data 

that masks variation within units. However, each “time-averaged” occupation phase represents 

samples of artefacts that represent not individual actions, but the actions of many, and it is this 

that enables the recognition of patterns over long periods of time (Dibble et al. 2016). In fact, 

many changes in lithic technology and stone reduction are only perceptible when viewing 

assemblages and toolkits on a broad scale (e.g. Muller and Clarkson 2016). What I am striving 

for is an understanding of the processes that produce the dominant patterns that arise from 

widely shared behaviours. Analysing lithics on this scale also allows for a sufficiently large 

sample size of artefacts per occupation phase to obtain more meaningful results – a necessity 

when analysing low density Pilbara lithic assemblages. This is the most appropriate framework 

for investigating questions about long-term rockshelter use, mobility patterns and behavioural 

responses to environmental change in the Pleistocene Pilbara.  

ANALYTICAL FRAMEWORK 

The six measures used to reconstruct mobility from the lithic assemblages at Juukan 2, 

Murujuga Rockshelter and Yurlu Kankala are shown in Table 6.1. Each section is explained in 

detail below. This information helped to build a picture of individual rockshelter use and 

informed on wider regional patterns of lithic technological behaviour. Patterns of strategic 

behaviour that are structured by mobility strategies and are in turn influenced by higher order 

economic and social strategies (Lin et al. 2013; Nelson 1991) could then be inferred.  

Following Ditchfield’s (2016a) recent work, artefact transport measures were applied to the 

Juukan 2 assemblage prior to independent flake and core reduction analyses to separate out the 

effects of transport (what has been added to or removed from an assemblage) and reduction on 

the assemblage. Cortex and volume ratios were calculated from the Juukan 2 assemblage 

because of its sample size and because of the large amount of the rockshelter that was excavated 

(15 sq. m). I was able to record this assemblage in the UWA archaeology laboratory with the 

use of the water displacement kit (Figure 6.3) to accurately calculate artefact volume. Artefact 

transport patterns were not examined using cortex and volume ratios at Murujuga Rockshelter 

and Yurlu Kankala because their lithic sample sizes per analytical unit were too small to obtain 
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meaningful results for this research, in effect a pilot study. However, their debitage 

assemblages were examined using other measures to inform on site formation and artefact 

transport. The results of the Juukan 2 transport test study were also used to provide possible 

explanations for similar patterning at these sites. 

Table 6.1. Analytical framework used to analyse lithic assemblages from Juukan 2, Murujuga Rockshelter and 
Yurlu Kankala.  

Method Measurements 

Raw material 
selection 

▪ Quantify proportion of materials 
▪ Raw material diversity (Murujuga Rockshelter only) 
▪ Cortex type and proportions 

Assemblage 
composition 

▪ Presence or absence of artefact classes: flakes, cores, formal tool types, other retouched 
and/or used artefacts, manuports, grinding material, hammerstones 

▪ Flake fragmentation type and frequency 
▪ Tool discard  
▪ Debris to tool ratio 

Artefact 
transport 

▪ Cortex ratio 
▪ Volume ratio 
▪ Flake (MNF) to core ratio 
▪ Non cortical to cortical flake ratio 
▪ Flake diminution test 

Reduction 
intensity 

▪ Flake (MNF) to core ratio 
▪ Non cortical to cortical flake ratio 
▪ Flake diminution test 
▪ Core type and rotation count 
▪ Flake and core metrics  
▪ Flake and core technological attributes 
▪ Core Scar Density Index (SDI) 
▪ Flake scar density index 

Flake utility and 
standardisation 

▪ Flake mass 
▪ Flake shape 
▪ Edge Length to Mass ratio  
▪ Platform metrics and exterior platform angle (EPA) 
▪ Flake initiations and terminations 

Tool use  ▪ Presence and type of retouch and use-wear 
▪ Perimeter of retouch and/or use-wear 
▪ Retouch intensity (Index of Invasiveness, GIUR) 
▪ Comparison between unmodified flake platform area and mass and tool platform area and 

mass 
▪ Frequency of retouch removed flakes 
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ARTEFACT DISCARD  

Stone artefact discard rates were used to identify the presence of people at a site and as a guide 

for building a chronology of site use and relative occupation duration (e.g. Clarkson 2007; 

2008; Smith 2006). Discard rates were calculated per cubic metre and per thousand years for 

each occupation phase. Sedimentation rates (SR) were also calculated for each unit using the 

following formula: 

𝑆𝑅 =  
𝑇 

𝑡
 

Where T is the average thickness of the unit and t is the modelled age span of the unit. Minimum 

Number of Artefacts (MNA) was calculated and compared to the total artefact count (NAS to 

MNA ratio) to test whether fragmentation affected artefact counts. The MNA used here is 

adapted from Hiscock (2002b) using the formula: 

𝑀𝑁𝐴 = 𝐹 +  𝑇 + 𝐿 + 𝑐𝑜𝑟𝑒𝑠 + 𝑅/𝑈 

Where F is unmodified complete flakes, T is the greater of either proximal or distal fragments, 

L is CL + BL (CL is the greater of either left or right longitudinally broken flakes and BL is the 

largest of the four categories of transversely and broken longitudinal flakes) and R/U is 

complete retouched/used artefacts. Broken flake types are defined in Figure 6.1 below. Only 

complete cores were included in the calculation.  

Discard rates can be affected by factors such as types of activities, site function, sediment 

deposition, post-depositional processes and technological systems (e.g. Hiscock 1984; Hiscock 

1988; Kuhn and Clark 2015:10). These factors were examined at each site before interpreting 

occupation intensity. Comparing raw artefact and Minimum Number of Artefact (MNA) counts 

and removing small (e.g. <2 cm) artefacts from the sample to test for fragmentation and 

comparing lithic discard rates to discard rates of other cultural materials such as charcoal, ochre 

and faunal remains, helped to resolve some of the above issues (Hiscock 1984, 2002b).  
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Figure 6.1. Classification of broken flakes (modified from Clarkson and O’Connor 2006:189). FFP is flake 
fragment proximal, LBF is longitudinally broken flake, FFME is flake fragment medial, FFMA is flake fragment 
marginal, MA is marginal flake (a complete flake with a small fragment FFMA missing, not pictured), FFD is 
flake fragment distal.  

RAW MATERIAL SELECTION 

Raw material proportions were quantified at each site by placing each artefact into a raw 

material category through macroscopic evaluation of composition, texture and structures and 

with assistance from comparative collections and the curator at the UWA Geological Museum. 

All materials occurring on the current island formation (Burrup Peninsula) where Murujuga 

Rockshelter is located are defined as ‘locally available’. Stone sourcing and intensive survey 

for tool-stone sources were not undertaken at Juukan 2 and Yurlu Kankala because the 

excavations were undertaken as part of heritage salvage work concerning only the rockshelters. 

However, lithic raw material environments at these places were assessed using 1:100 000 
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geological maps and records from previous heritage surveys. All materials discarded at these 

rockshelters are available (as outcrops/boulder/cobbles/gravels) within 5 km of each site. 

Recycling is also considered to be a lithic procurement strategy (Amick 2013) as places that 

were repeatedly visited may have become sources of tool-stone themselves. This strategy was 

assessed at each site in relation to site formation processes including sedimentation rates. 

Cortex types (riverine/cobble, weathered) on cores and flakes were quantified (see method in 

cortex ratio section below) to aid in identifying possible sources. When assessing the effect of 

raw material availability at each site, caution is used in assuming that locally available sources 

represent the actual sources used by foragers. I also consider that raw materials are universally 

easy to obtain in the uplands and changes in stone artefact use and assemblage composition are 

as a result more likely to be the result of human decisions and actions (Kuhn 1995).  

ASSEMBLAGE COMPOSITION 

The presence and frequency of retouched artefacts (including formal tools, see ‘tool use’ 

section below), unretouched tools and other artefact classes including flakes, cores, debris, 

manuports and grinding material was noted at each site. Artefact discard per thousand years 

was plotted against the flake to tool ratio (excluding unretouched flakes) and debris to tool ratio 

to examine the tool frequency/artefact density relationship and to derive an indication of 

relative occupation duration (Barton 2008; Barton and Riel-Salvatore 2016:29; Barton et al. 

2011; Burke et al. 2018; Clark and Barton 2017; Kuhn and Clark 2015; Riel-Salvatore and 

Barton 2004). The ‘flake’ class was divided into smaller categories of complete and broken 

flake types to assess fragmentation (Figure 6.1). Proportions of complete and broken artefact 

types (transversely and longitudinally broken flakes) were compared to identify variation in 

rates of flake fragmentation. The frequency of artefacts with macroscopic evidence for edge 

damage (chattering and small fractures that are not distinctly identifiable as use-wear) was also 

noted. I also considered the influence of sedimentation rates on artefact breakage because the 

length of time that artefacts lay on the floor surface before being buried affects the potential 

for artefact trampling (Holdaway and Stern 2004:114).  
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ARTEFACT TRANSPORT 

The Juukan 2 assemblage has a large enough sample size – including of cores – to test the 

capability of transport indices to distinguish artefact transport patterns at an inland Pilbara 

rockshelter. Cortex and volume ratios were calculated using the process illustrated in Figure 

6.2 from Ditchfield (2016a), with some modifications. These are described below.  

  

Figure 6.2. Ditchfield’s (2016a:47) schematic diagram showing the procedure used for calculating the cortex 
and volume ratios here. The ‘t’ marks where observed assemblage volume can be replaced with expected 
assemblage volume.  

To calculate the cortex and volume ratios the cortex percentage, mass and maximum length, 

width and thickness of each artefact with a maximum dimension over 20 mm were recorded. 

This size cut-off was used rather than the 25 mm used by Dibble et al. (2005) and Ditchfield 

(2016a) to increase the sample size and therefore the accuracy of the results. Experimental 

work (e.g. Dibble et al. 2005) shows that excluding flakes smaller than 25 mm does not affect 

the method or results. Small sample sizes (100-200 artefacts) were noted by Lin et al. 

(2015:100) to increase the chance for differences in ratio values to be the result of sampling 

error rather than reflecting differences in transport. In these cases, I was cautious of smaller 

differences in ratio values.  
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Mass was measured in grams to two decimal points using a digital electronic scale. Cortex was 

visually recorded to the nearest ten percent but placed into one of four categories to reduce 

errors: 0%, 1–49%, 50–99% and 100%. To derive artefact volume, water weight was recorded 

on a sample of 27–38 artefacts made on each material using a water displacement kit (Figure 

6.3). A Pearson correlation coefficient test was used to check for a significant positive 

correlation between artefact weight in air and artefact weight in water. These samples served 

as the basis for a linear regression to predict a value for water weight for all other artefacts. A 

t-test (paired two samples for means) was applied to the samples to check that the values for 

actual water weight and the predicted water weight were not significantly different. Artefact 

density was then derived for all artefacts using Berman’s (1939) calculation: 

𝐴𝐷 =
(𝑊𝐷)

(𝑊 − 𝑊1)
 

where AD is rock density, W is artefact weight in air, D is liquid density, and W1 is the artefact 

weight in water. Artefact volume was then calculated using the formula: 

𝑉 =
𝑊

𝐷
 

where V is volume, W is artefact weight in air and D is artefact density.  

 

Figure 6.3. Water displacement kit used to derive artefact density for a sample of artefacts.   
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CORTEX RATIO 

The cortex ratio involves calculation of the observed cortical surface area and the expected 

(original) cortical surface area. Tool-stone in the inland Pilbara was often repeatedly sourced 

from outcrops with gradually disappearing cortical surfaces and some exposed outcrops lack 

distinctly weathered surfaces. Cortex was recorded on dorsal and platform surfaces of flakes 

and on cores. Cortex is defined here as all surfaces (including heat fractured and cortical 

surfaces) that do not contain flake scars and includes surfaces that are not noticeably weathered. 

To find the observed cortical surface area the outer surface area of all artefacts is required. For 

all artefacts, except for cores, the maximum length with maximum width was multiplied to find 

surface area. Surface area for complete cores (excluding bipolar cores and flake cores, see 

below) was calculated by entering the semi-axis maximum length, width and thickness into the 

equation for an ellipsoid: 

𝑆 = 4𝜋 (
𝑎𝑝𝑏𝑝 + 𝑎𝑝𝑐𝑝 + 𝑏𝑝𝑐𝑝 

3
)

1
𝑝
 

where a, b and c are the maximum length, width and thickness semi-axes and p is 1.6075 

(Thomsen 2004). Bipolar cores were excluded from this analysis as they usually did not 

produce more than a few flakes and, if analysed together with cores that produced many flakes, 

would influence the estimate of the average size of nodules used to produce an assemblage 

(Douglass 2010). Flake cores are large chunky flakes removed from a parent stone by the 

application of force and which have then been used as a source for further flakes (see further 

definition in core section below). Because flake cores are the product of nodule cores, they 

were not included in nodule counts. Ellipsoid or sphere geometric solids cannot be used to 

calculate observed surface area or expected (original) surface area for flake cores because they 

have a ventral surface that is non-cortical. Instead, the formula for finding the curved surface 

area of a hemisphere (excluding the base surface area i.e. the ventral surface) was used. I first 

applied the formula to find the radius using known volume (V): 

𝑟 = (
3𝑉 

2𝜋
)

1
3
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and then used the following formula to find the curved surface area (A): 

𝐴 = 2𝜋𝑟2 

Core fragments represent another problem as they are also a product of a larger nodule and 

contain at least one broken (internal) surface that cannot be included as a cortical surface area. 

Core fragments were therefore excluded from the nodule count but included in assemblage 

calculations. The approximate surface area for core fragments was calculated by using the same 

formulas as for flake cores. Surface area on all artefacts was then multiplied by the midpoint 

of their ordinal cortex category: 0 (0%), 0.25 (1–49%), 0.75 (50–99%) or 1 (100%). The 

cortical surface area was then summed for the whole assemblage. On two occasions, Lin et al. 

(2010; 2015) demonstrated the usefulness of this method of calculating observed cortical 

surface area by comparing results of this technique to results made using laser scanning and 

photographic morphometric techniques on an experimental assemblage. Lin et al. (2010:700) 

observed that cortical surface area calculated using ordinal and metric measures tended to over-

estimate actual scanned values (using photographic morphometric techniques) by up to ten 

percent because of an over-approximation of artefact surface area. To account for this 

overestimation (made on the same experimental assemblage used by Ditchfield [2016a]), 

Ditchfield (2016a) increased expected assemblage volume by 10% (multiplication of 1.1) for 

his simulations. This modification was also applied here but as this step comes with the 

assumption that flakes are removed from the assemblage, its usefulness was evaluated in the 

context of the results.  

Calculating the expected (original) cortical surface area requires an estimation of original 

nodule size. Estimated original nodule volume was calculated in two ways. First, by dividing 

the observed assemblage volume by the number of complete cores in the assemblage. This data 

is used to produce an ‘initial cortex ratio’. Other researchers have used different approaches to 

estimating original nodule size, such as using multiple regression equations to predict mass lost 

from cores (Douglass 2010), using the longest flake length at a site (Lin et al. 2015) or 

collecting data on nodule size and shape from the tool-stone source if it is known (Douglass 

2010, Phillips 2012). However, the former was not possible as I did not visit the site, and the 

latter two options require experimental replication using local materials before application to 

archaeological assemblages. Expected assemblage volume (see ‘volume ratio’ section below 

for calculation) was then divided by the number of complete cores in the assemblage to 
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produce, as Ditchfield (2016a) demonstrated through his experimental assemblage, a more 

accurate estimation of original nodule volume. This is because artefacts were undoubtedly 

moved in and out of the assemblage and so the expected assemblage volume is most likely a 

closer estimate. This, as Ditchfield (2016a) pointed out, assumes that one core is produced per 

nodule, which is not appropriate for a heavily reduced assemblage. However, Dibble et al. 

(2005) have shown through their experimental work that the effects of incorrectly estimating 

the original number of nodules is minimal if it is not more or less than about 30%. The risk of 

non-accurate results increases with smaller assemblages as percentage errors become more 

sizeable (Dibble et al 2005; Lin et al. 2015).  

A sphere surface area equation was used to derive an estimation of original nodule surface area: 

𝑆 = 4𝜋 (
3𝑉 

4𝜋
)

2
3
 

where V is the estimated original nodule volume. Dibble et al. (2005) concluded that the 

geometric sphere shape portrays the most robust geometric relationship between surface area 

and volume for the average shape of nodules. Importantly, they demonstrate, using an 

experimental assemblage comprised of nodules that are highly varied in shape, that differences 

in nodule size and shape must deviate more than 25% before they significantly affect cortex 

ratio values. In other words, application of a single geometric model provides accurate results 

even on a varied assemblage. The original nodule surface area was then multiplied by the 

number of cores to arrive at the expected amount of cortical surface area that should be present 

if all the products of reduction remain. The observed cortical surface area was divided by the 

expected cortical surface area to arrive at the cortex ratio value. This produces a value that 

signifies what has been lost or gained in the assemblage. A value around one indicates that 

most of the cortical surface area remains at the site. If the ratio value is well below one, then 

cortical surface area is underrepresented at the site (i.e. the removal of cortical items). If the 

value is over one, it signals that cortical surface area is overrepresented at the site (i.e. cortical 

items have been added to the assemblage).  
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VOLUME RATIO 

The volume ratio works similarly to the cortex ratio. The observed assemblage volume is 

divided by the expected (original) assemblage volume to derive a value indicating whether 

volume has been lost or added to the assemblage. All artefact volumes were summed to find 

the observed assemblage volume. Calculating the expected assemblage volume is more 

complicated. In a scenario where artefacts are transported from an assemblage made on fully 

cortical cores, the observed assemblage volume is either divided or multiplied by the modified 

cortex ratio to estimate expected assemblage volume. This is because the cortex ratio is also an 

indicator of how much volume has been lost or gained through transport. The observed 

assemblage volume is divided if the cortex ratio is below one or multiplied if the cortex ratio 

is above one. However, this method assumes that the amount of cortex on a nodule represents 

the amount of volume lost from the nodule reduced. In other words, nodules with very little 

cortex are assumed to be highly reduced and have lost significant volume on-site. If nodules 

were only partially cortical to begin with (because they were decortified elsewhere) and have 

not been intensively reduced (i.e. lost much volume) on-site, then the calculation greatly 

overestimates the original nodule volume lost from the site. The resulting low cortex ratio 

would therefore reflect the partially cortical state of the nodules rather than a transport scenario 

(the removal of cortical surface area). This means that the assumption for calculation of the 

expected (original) assemblage volume is not met. To rectify this, Ditchfield (2016a:50) 

proposes an alternative calculation to produce more accurate ratios for assemblages made from 

partially cortical cores: 

𝑁𝑆 = [(𝑉𝑅𝑁𝑆 −  𝐶𝑅𝑁𝑆)/2] + 𝐶𝑅𝑁𝑆  

where NS is nodule size, VRNS is the nodule volume calculated using expected assemblage 

volume (an overestimation) and CRNS is the nodule volume calculated using the observed 

assemblage volume (an underestimation). The formula balances out the overestimation (nodule 

size using expected assemblage volume) and the underestimation (nodule size using observed 

assemblage volume) by producing a nodule size estimate that is halfway between both values. 

Ditchfield (2016a:50-51) developed and tested this formula on an experimental assemblage 

made on partially cortical cores (approximately 85% cortex remaining) and found that it 

produced cortex and volume ratio values which were not significantly different to the actual 

ratio values. The nodule size result is then used to recalculate the cortex ratio and then the 
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volume ratio. In the case of the volume ratio, the observed assemblage volume is either 

multiplied or divided by the modified cortex ratio. Recalculation of the cortex and volume 

ratios using this value produces a more accurate representation of the amount of cortex and 

volume lost or gained from on-site knapping. The application of this formula brings with it an 

assumption that partially reduced nodules were carried into the site. The reasoning for this 

assumption must therefore be addressed before this formula is applied.  

FLAKE (MNF) TO CORE RATIO, NON-CORTICAL TO CORTICAL FLAKE RATIO AND 

FLAKE DIMINUTION TEST 

The cortex and volume ratios show whether cortical surface area and volume were moved in 

and/or out of a site. These ratios were examined together with the flake to core ratio, the non-

cortical to cortical flake ratio and the flake diminution test. These measures are indicators of 

both transport and reduction. The Minimum Number of Flakes (MNF) to core ratio is a 

comparable measure of how many flakes were produced per core. The minimum number of 

flakes was divided by the number of complete cores to find the ratio value. MNF, rather than 

a complete flake count, was used to account for breakage and was calculated following Hiscock 

(2002b):  

𝑀𝑁𝐹 = 𝐹 +  𝑇 + 𝐿 + 𝑅/𝑈  

Where F is unmodified complete flakes, T is the greater of either proximal or distal fragments, 

L is CL + BL (CL is the greater of either left or right longitudinally broken flakes and BL is the 

largest of the four categories of transversely and broken longitudinal flakes) and R/U is 

complete retouched/used flakes. Complete tools (used and retouched flakes) were included in 

this count because they also derive from cores.  

The non-cortical to cortical flake ratio is calculated by dividing the number of non-cortical 

unmodified complete flakes (≥20 mm) by the number of flakes with cortex on their dorsal or 

platform surfaces. The flake diminution test signals the presence or absence of and the size of 

cortical and non-cortical flakes. Flakes were classified according to the amount of cortex on 

their dorsal surface (including platform). Following Ditchfield (2016a:49), three cortex 

categories were used: 0%, 1–50% and 51–100%. Median surface area (maximum length x 

maximum width) was calculated for each class. This test is based on the premise that if all 
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stages of reduction are present, the results should show a progressive diminution of flake size 

with decreasing amounts of cortex. If flakes, such as large cortical flakes, are removed or added 

to the sequence, the corresponding class (51–100%) will be under-represented or over-

represented compared to the other classes.  

REDUCTION INTENSITY 

The ability to distinguish stone artefact transport scenarios provided a clearer understanding of 

assemblage formation and basic reduction extent at Juukan 2. This test study was 

complemented with independent reduction analysis using recorded metric and technological 

flake and core attributes. These analyses were more approximate at Yurlu Kankala and 

Murujuga Rockshelter because of their smaller assemblage sample sizes. However, 

technological planning, efficiency and provisioning provide other ways of understanding the 

different pathways by which artefacts were moved around and eventually discarded at these 

rockshelters (Bleed 2001; Kuhn 1995:34; Nelson 1991).  

An attribute-based reduction analysis on flakes and cores which could be quantified and 

compared was undertaken. Attributes were analysed together as no single attribute provides an 

accurate reading of reduction intensity. Reduction exists along a continuum and non-linear 

changes in metric and technological attributes occur as reduction continues (see Chapter 5 and 

Bradbury and Carr 1999; Brown 2015; Clarkson 2007, 2013; Shott 1996b). For instance, as 

cores are further reduced, fresh flake removals may remove previous flake scars and these 

removals lead to a smaller overall flake scar count despite a later reduction stage. The flaking 

properties of the material as well as the nature of the source material greatly influences metric 

and technological characteristics (e.g. Amick and Mauldin 1997; Ditchfield 2016b; MacDonald 

2008). Raw materials were analysed separately to control for the influence of variation in the 

mechanical properties of different raw materials on patterns of artefact manufacture, use and 

discard. Examining the interaction between different technological variables allowed me to 

piece together the strategies that knappers used to control the fracture process during knapping 

and to shape cores and flakes (Clarkson 2007). The attributes recorded and analysed on 

unmodified flakes and cores are described below.  
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UNMODIFIED COMPLETE FLAKES 

METRICS 

Mass is often seen as an indicator of reduction because of the reductive nature of stone 

knapping (Burton 1980; Magne and Pokotylo 1981; Odell 2004; Shott 1994, 1996b). However, 

experimental studies such as that undertaken by Magne (1985) have found that artefact mass 

is not always a reliable indicator of reduction order. Flake size may not reflect reduction at all 

when analysing assemblages that could be made up of many different core reduction events 

using different sized nodules. Metric attributes become more robust measures of reduction 

intensity if the same materials made on similar nodules are compared (Dibble et al. 1995:267). 

Flake size can inform on original nodule size, standardisation between materials that may 

indicate raw material management strategies (see below) and, if used in concert with other 

measure of reduction, on reduction intensity.  

Because this is an analysis of reduction intensity rather than blank selection or standardisation, 

unmodified complete flakes measuring over 10 mm in maximum diameter were examined to 

increase sample size and therefore the robustness of the results. Maximum length, width and 

thickness were recorded on each flake (Figure 6.4). Maximum length is the largest possible 

dimension across the ventral surface of an artefact. Maximum width was recorded 

perpendicular at the mid-point of length, and maximum width perpendicular to both. To assess 

elongation (see ‘flake standardisation’ below), percussion dimensions using the axial method 

were also measured, where length is a distance represented by the straight line from the point 

of percussion to the distal end, following the axis of percussion (Figure 6.4, Dogandzic et al. 

2015). Width was taken at the midpoint of the length, perpendicular to it, and thickness at the 

midpoint of width. All measurements were taken to one decimal place using digital callipers. 

Flake size was assessed using mass and estimated surface area (multiplying maximum length 

and maximum width). The two measures were used and compared because surface area 

estimates have some degree of inaccuracy as they are dependent on the regularity of flake 

morphology (Dogandzic et al. 2015).  
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Figure 6.4. Flake measurements: (a) axial length and width, thickness, and (b) maximum length and width.  

PLATFORMS 

Flake platforms provide information about how a core was worked and can suggest at which 

stage of reduction that the flake was removed from the core. Flakes with platforms retaining 

the natural outer rock surface are typically removed during initial core decortification. Flat 

platforms comprise a single smooth section of a previously removed flake scar and are related 

to early or middle stages of reduction when production ‘was presumably under greatest control’ 

(Clarkson 2007:89). Flaked and facetted platform flakes have two (flaked) or more flake scars 

(facetted) indicating prior flake removals and the removal of flakes from the platform surface. 

These platforms are often removed during late stages of core reduction after cores are rotated 

(Andrefsky 2005:94; Hiscock 1988:372; Tomka 1989:147). Crushed or collapsed platforms 

occur when the platform is damaged during impact, often because of bi-polar technique 

(Holdaway and Stern 2004:120), which is a way to extend the use-life of a nearly exhausted 

core. Platform surfaces as indicators of reduction must be used cautiously and together with 

other attributes. Experimental knapping (e.g. Brown 2015; Shott 1994, 1996b) has shown that 

some flakes removed at a later part of the sequence can have flat or cortical, rather than flaked 

or facetted platforms, depending on how the core was reduced and from where each flake was 

removed.  

Platform length and width on all flakes retaining complete platforms were recorded. Platform 

surface area estimates were calculated from platform width and thickness. Many experimental 

studies (e.g. Dibble 1997; Dogandzic et al. 2015; Lin et al. 2013; Pelcin 1997c; Shott et al. 

2000) show the importance of flake platform size and exterior platform angle (EPA) in their 

effect on the size of blanks, and in therefore providing a relative measure of size and shape. 
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Additionally, Dogandzic et al. (2015) showed with an experimental dataset that estimates of 

flake edge length and surface areas are sometimes prone to errors. The key is to be consistent 

in the position of measurement, and, because of degrees of inaccuracy of using length and 

width measurements to estimate edge length and blank area, to include platform variables to 

assess size and shape properties (Dogandzic et al. 2015). I compared the platform size of flakes 

to retouched complete flakes to assess what type of artefacts people selected for tool use (see 

below). Platform size can also indicate whether material conservation was an issue. EPA was 

measured with a goniometer to the nearest degree as the angle between the platform surface 

and dorsal surface area along the axis of flaking. EPA measurements are sometimes prone to 

large errors depending on factors such as presence of cortex, abrasion and personal error (Shott 

1994) so slight differences in results were not taken as significant changes in flaking strategies 

on their own.  

The best way to understand lithic technology and the manufacturing process is to examine the 

procedures and strategies people used to control tool-stone. The initiation type of each flake 

was recorded as either bending, Hertzian or wedging/flat (Figure 6.5). Bending initiations have 

a prominent lip and occur when the fracture begins away from the immediate contact area 

(Cotterell and Kamminga 1987:689; Pelcin 1997c:1111). These initiations are more likely to 

occur with low platform angles and blows placed relatively far from the edge of the core. The 

greater the angle, the more likely it is to result in a Hertzian initiation. Decreasing platform 

thickness and EPA produces small flakes whereas increasing these variables produces larger 

and longer flakes (e.g. Clarkson 2007; Dibble and Pelcin 1995; Dibble and Rezek 2009; Dibble 

and Whittaker 1981; Dogandzic et al. 2015; Pelcin 1997c; Speth 1975, 1981). Both hard and 

soft indenters can produce bending initiations (Pelcin 1997b). Hertzian initiations can only be 

made with a comparatively hard indenter such as stone. Wedging and flat initiations are 

commonly associated with bi-polar reduction (Cotterell and Kamminga 1987; Flenniken and 

White 1985; Hiscock 1996).  
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Figure 6.5. Initiation types recorded on flakes (from Clarkson 2007:28). 

Overhang removal refers to consistent small fractures (<5 mm) along the edge of a platform 

created from brushing a hammerstone along a core platform to remove fractures or overhangs 

(Flenniken and White 1985; Hiscock 1988). Overhang removal can indicate the degree of 

preparation before flaking and potentially aids in control over the knapping process as knappers 

adjust core platforms to prepare them for blows. This technique can increase platform angle 

and platform strength (Clarkson and O'Connor 2006:160). The presence or absence of 

overhang removal was noted for all flakes retaining complete platforms. 

DORSAL SURFACES 

Because the dorsal surface of a flake retains the previous core surface, they can be used in 

combination with other attributes to reconstruct the reduction strategy used to reduce cores and 

produce tools (Bradbury and Carr 1995; Holdaway and Stern 2004:143; Shott 1994, 1996b). 

Cortex may also provide some hints of the nature of tool-stone sources and distance to source. 

Increasingly smaller proportions of the natural outer surface of a rock will remain as reduction 

proceeds (Shott 1996b). Several possible scenarios, including human behavioural factors or 

source material characteristics, can alter the amount of cortex in an assemblage (Dibble et al. 

2005). Nearby outcrops may have been used repeatedly as a material source, resulting in a loss 

of gradual loss of outcrop cortex over time and the use of partially cortical or completely non-

cortical nodules. The size and shape of the original nodule also affects cortex proportions 

(Dibble et al. 2005). Nodules could have also been transported to the site after they were already 

partially decortified elsewhere in the landscape. Essentially, the degree of reduction affects the 

amount of observable cortex (Dibble et al. 1995). Proportions of cortex and heat fracture were 

visually estimated to the nearest ten percent. Cortex type was additionally recorded as riverine 

(water-worn) or weathered if applicable.  
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Dorsal scars are formed through the removal of flakes from a core. As core reduction proceeds, 

the number of dorsal scars generally increases. The frequency of scars on the dorsal surface of 

each flake was counted. The number of scars was divided by flake dorsal surface area (see 

above, Shott 1996) to find dorsal scar density. I used dorsal scar density rather than a dorsal 

scar count to account for flake size because smaller flakes have fewer scars than larger flakes 

(Shott 1996). The orientation of scars (Figure 6.6) was also recorded if flake scar orientation 

was identifiable through the direction of initiations, terminations or force lines. This provided 

an indication of whether the core that the flake was removed from had been rotated. I 

additionally noted the frequency of redirecting flakes in each assemblage. These flakes were 

removed to strike off an old core platform and hence contain a previous core platform on their 

dorsal ridge (Clarkson and O'Connor 2006). Their presence signals on-site core rotation. 

 

Figure 6.6. System used to record the orientation of scars. The number of a quadrant is recorded if a flake 
removal was initiated from that quadrant. For example, previous flakes removed at angles parallel to the 
platform were recorded as either 2 or 4.  

TERMINATIONS  

Flake terminations indicate how the flake was removed from the core. Feather terminations are 

desirable as they produce more usable edge length than other terminations (Figure 6.7). Pelcin’s 

(1997c) experiments showed that increasing platform thickness leads to a change in termination 

from feather to hinge. Aberrant terminations (step, hinge, axial) produce more inefficient edges 

that make further flake removals from the core challenging (Hiscock 1988, 2007a; Holdaway 

and Stern 2004; Macgregor 2005; Pelcin 1997c). This may have resulted in the core being 

discarded. A high frequency of feather terminations can indicate knapper skill or a targeted 

knapping strategy whereas aberrant terminations often occur because of too much force used 
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to remove the flake (Hiscock 1988:16, 367). Flakes terminating in feather, step or hinge 

terminations are typically made with Hertzian or bending initiations, while axial terminations 

often derive from flat or wedging initiations (Cotterell and Kamminga 1987; Odell 2004). 

Terminations were recorded as per Figure 6.7.  

 

Figure 6.7. Recorded terminations on flakes.  

CORES 

Quantifications of core reduction and use-life provide important complementary perspectives 

to flake measures in examining material reduction and use (Douglass et al. 2018). Cores were 

categorised according to their number and type of platforms. Core rotation – i.e. changing 

platforms – allows core reduction to continue (Hiscock 2007a). Single platform cores were not 

rotated. This category includes test cores, defined as nodules with a single flake scar which 

indicates testing of the nodule. Cores with more than one platform were grouped together as 

multi-platform cores. These include bifacial cores that contain a ridge platform with scars 

originating out on two core faces (Holdaway and Stern 2004:181). Core use-life can be 

extended by rotating the nodule following the exhaustion of a platform (Flenniken and White 

1985; Phillipps et al. 2016). This could reflect diminishing material supply and/or preferred 

use of a high-quality core. However, there is not a simple dichotomy between the number of 

core platforms and reduction. Single platform cores can be more intensively reduced than 

multi-platform cores by having had more flakes removed from the one platform. Bipolar cores 

usually exhibit crushing at one or both ends from where the nodule was placed on an anvil and 

from a hammer and often have obtuse, straight platform angles (Cotterell and Kamminga 1987; 

Flenniken and White 1985; Hiscock 1996). They often represent the final attempt to extend the 

use-life of a small core.  
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The presence of flake cores in assemblages was also noted. Flake cores, also known as ‘flaked 

flakes’ or ‘cores-on-flakes’ (see papers in McPherron 2007), are large chunky flakes that were 

repurposed as cores. Flake cores are differentiated from other cores by the presence of a ventral 

surface with a bulb of percussion and a dorsal surface that may have cortex or previous flake 

removals (Figure 6.8). Flake scars are often initiated from the ventral surface. These artefacts 

are variably classified as cores or retouched flakes depending on the researcher’s classification 

system (Hiscock 2007b). Cores are defined here as a mass of material (including a flake or a 

nodule) from which a series of flakes of potentially usable size were removed as end products 

(used directly or retouched, Hovers 2007:45; Kuhn 2007:268). These artefacts were classed as 

a tool if they exhibited macroscopic evidence for use along their edge and on top of larger flake 

removals (see tool section below). It is possible that some flake cores have use-wear that cannot 

be identified without detailed microscopic work or were simply not used as intended (Kuhn 

2007). The presence of flake cores at a site demonstrates flexibility in technology (Ashton 

2007) and can indicate recycling and maintenance behaviour, possibly in response to factors 

such as raw material constraints and/or mobility strategies (Hovers 2007:43). Cores were 

recorded as core fragments if they contained an obvious break and/or did not contain a complete 

platform.  

 

Figure 6.8. Example of chert flake core from Juukan 2 (SU4a, SQ J XU 22).  

METRICS 

Core size is strongly influenced by original nodule size (Ditchfield 2016b) and so is a less 

useful indicator of a reduction or technological strategy on its own. However, core size can 

inform on what type of nodules were selected by people for flake production and are key to 

reconstructing core surface area (see ‘artefact transport’ section above). Maximum length, 

width and thickness were recorded on each core as illustrated in Figure 6.9.  
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Figure 6.9. Recorded core dimensions. 

PLATFORMS 

Core platform attributes provide information on how a core was reduced. Length, width and 

surface of core platforms were recorded in the same manner as for flake platforms (see above). 

EPA was measured using a goniometer to the nearest degree as the angle between the platform 

surface and scar surface area. Numerous experimental replication studies have shown that, as 

this angle approaches 90°, it becomes increasingly more difficult to remove a flake (e.g. Dibble 

1997; Dibble and Pelcin 1995; Dibble and Whittaker 1981; Lin et al. 2013; Pelcin 1997c). 

Because EPA is prone to errors through manual measurements and platforms may have varied 

angles, up to three angles were recorded for each platform to find an average. I also noted the 

presence or absence of platform preparation (as evidenced as small fractures along the edge of 

a platform) on each core platform. 

CORTEX 

Cortex (natural surface) proportions on cores were recorded as an indicator of reduction and 

for calculating cortical surface area (see ‘artefact transport’ section above). The amount and 

type of remaining cortex and heat fracture retained across the entire core surface were visually 

estimated to the nearest ten percent. Cortex type was additionally recorded as riverine (water-

worn) or weathered if applicable. 
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FLAKE SCARS 

As core reduction proceeds, the number of flake scars generally increases in frequency and 

these can therefore serve as a gauge for reduction intensity (Clarkson 2007; Holdaway and 

Stern 2004; Shott 1996b). The number of flake scars (≥5 mm) were counted on each core. 

These include truncated scars but not platform preparation scars (scars deriving from the 

platform edge smaller than 5 mm). However, scar frequency, as well as the intensity of core 

reduction itself, is influenced by nodule size. I therefore used the flake scar count to calculate 

Scar Density Index (SDI), which is the total number of scars divided by core surface area (SDI, 

Clarkson 2013). Clarkson (2013) notes that 3D scanning provides the most accurate measure 

of core surface area. However, he found that estimating the surface area of cores using the 

formula for a rectangular prism produced results that, whilst ‘dramatically over-estimated’, 

were very strongly correlated (r2 = 0.944, p = <0.05) to 3D surface area (Clarkson 2013:4352). 

The formula for an ellipsoid for all cores (except for flake cores) and the formula for a curved 

surface area of a hemisphere for flake-cores were used to find core surface area at Juukan 2 

(see equations above in ‘artefact transport’ section). The formula for a rectangular prism was 

used for cores discarded at Murujuga Rockshelter and Yurlu Kankala. These measures provide 

a consistent way of comparing differently sized cores at each site which delivers a more 

accurate idea of what flake scar counts represent in terms of reduction intensity. 

Flake shape was classified according to the relative shape categories described above in the 

‘flake standardisation’ section. Axial length and width of complete flake scars (≥10 mm) were 

also recorded to calculate the average scar length and width per core. Average flake scar 

elongation on each core was measured by dividing scar length by width. I compared these 

measurements with flake dimensions to inform on reduction strategies and what was removed 

from the site. For example, if flakes are much larger than flake scars on cores than it is possible 

to argue that cores have been intensively reduced (Holdaway and Stern 2004:187) or that larger 

cores were removed from the site. This example again demonstrates the need to assess 

measures of reduction and transport together. Flake scar terminations were recorded using the 

categories defined in Figure 6.7 above. The presence of multiple aberrant terminations on cores 

may indicate the reason that they were discarded.  
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FLAKE UTILITY AND STANDARDISATION  

Numerous ethnographic studies show the significance of unretouched flakes in the organisation 

of Australian Aboriginal technology (Chapter 3, also Binford 1986; Binford and O'Connell 

1984; Gould 1971; Hayden 1979; Holdaway and Douglass 2012; Jones and White 1988; Roth 

and Queensland Department of Public Lands 1904; Tindale 1965; White 1977). This practice 

is also common in places with locally abundant material as it is more practical to make new 

tools as needs arise rather than resharpening them (Kuhn 1995:34). The most desirable artefacts 

were presumably transported away from the assemblages with unwanted pieces left behind. 

However, debris from flake production can indirectly suggest intentions of flaking strategies, 

portability, utility and use-life and can be assessed and compared with transported and used 

items left on-site (Jeske 1989; Kuhn 1994, 1995; Torrence 1983, 1989a).  

Although flake size and shape are strongly influenced by the size of the original nodule, I 

examined overall variation (using statistical measures of variance and central tendency, see 

statistics section below) in flake size and morphology to assess the extent to which flake 

production was standardised and to inform on design considerations (e.g. 

reliability/maintainability) and utility. Flake elongation was calculated by the axial 

length/width ratio and is used here as an indication of shape. Flake shape was classified using 

the size categories of elongate (where length is more than twice the width), long (the length of 

a flake is longer than its width but not twice as long), intermediate (length and width are 

approximately the same) and wide (flake is wider than it is long). 

Australian ethnographic records (see summary in Holdaway and Douglass 2012) suggest that 

the usable sharp edge of a flake is the most important aspect in its selection as a tool. The 

amount of cutting edge represents the utility of unretouched flakes and this can be altered by 

the knapper to economise raw materials. In other words, changing or controlling the 

morphology of flakes to provide more usable edge per units of mass is an economic strategy to 

increase the efficiency of lithic technologies and the material itself (Dibble and Rezek 2009; 

Dogandzic et al. 2015; Lin et al. 2013; Mackay 2008, 2009). The edge length to mass ratio 

(EL/M ratio) is used here as a proxy for flaking efficiency (Mackay 2008). Axial length, 

maximum dimension and width were summed to estimate flake edge length. This value is then 

divided by flake mass to produce a comparable ratio of edge length to mass (mm/g). Only 

unmodified flakes with a maximum dimension over 20 mm were included here as these flakes 
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can most easily be manipulated in the hand for tool use (Muller and Clarkson 2016) and smaller 

flakes often produced anomalous EL/M values. I stress that this is one method and viewpoint 

of assessing flake utility. Knappers may only have desired a specific edge for a particular task. 

Another important part of contextualising flake blank choice is comparing dimensions of 

unmodified flakes with retouched and used flakes. The methods used to do this are detailed 

below.  

TOOL USE 

Artefacts with retouch and/or use were placed into the tool category. Detailed microscopic 

investigation of a sample of 29 artefacts from Murujuga Rockshelter with potential use-wear 

and/or residues was undertaken by use-wear and residue specialist Birgitta Stephenson in 2016 

(McDonald et al. 2018a). Detailed residue and use-wear analysis were not undertaken on the 

Juukan 2 and Yurlu Kankala assemblages. Instead, a hand-held polarising Dino-Lite 

AM4815ZT microscope at a magnification of 30 times (30x) was used to identify distinct use-

wear and retouch on artefacts from Juukan 2 and Yurlu Kankala. It is often difficult to 

distinguish between edge damage from trampling and use-wear (e.g. McBrearty et al. 1998) 

and in the absence of detailed use-wear analysis it is possible that some identified use-wear 

resulted from other processes. The location (Figure 6.10) and length (mm) of the used edge 

was recorded. The used edge length was then divided with the total length of the tool’s edge 

(excluding the platform) to find the percentage of the chord which was used.  

 

Figure 6.10. Divisions used to record location of retouch and use-wear. Bold letters indicate abbreviations used 
in artefact database. 
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Small flake scars on an artefact were classified as retouch if they were clearly initiated after 

the creation of the ventral face (e.g. initiated from the ventral surface or encroach onto the 

ventral surface, Hiscock 2007b). Burren adzes are flakes with step retouch on one or more of 

their lateral margins and that have been hafted for use (Flenniken and White 1985; Holdaway 

and Stern 2004:257). Clarkson (2007) analysed retouch morphologies on 14 burrens and 341 

scrapers from Wardaman Country, northern Australia. He found that burrens fit ‘neatly’ within 

the overall scraper reduction sequence and concluded that they should not be considered a 

distinctive tool class in Wardaman Country. In Australia, the term ‘scraper’ is used to describe 

a wide range of non-formally retouched artefacts that are common in Pleistocene assemblages 

(Allen 1972; Clarkson 2007; Clegg 1977; Hiscock 1988; Holdaway 2004; Jones 1971; 

McCarthy et al. 1946; Mulvaney and Kamminga 1999; White 1969). However, retouched 

artefacts were not analysed in scraper type categories (e.g. notched, steep edges scraper, 

concave and nosed scraper) because type classes are not designed to investigate reduction 

(Clarkson 2007:94; Kuhn 1992). Additionally, the non-exclusive relationship between form 

and function has been extensively discussed in both experimental and ethnographic work (e.g. 

Hayden 1977; Kamminga 1978). Essentially, I approached tool retouch intensity as a 

continuum and used measures of retouch intensity to document changes in tool morphology 

(Hiscock and Attenbrow 2005). These include length of retouch perimeter, edge angle, the 

Index of Invasiveness (Clarkson 2002b) and the Geometric Index of Unifacial Reduction 

(GIUR, Kuhn 1990). Formal tools (e.g. geometric backed artefacts, backed points and tula adze 

slugs) are more commonly found in Holocene contexts and were classified as such. Definitions 

for these are provided in McDonald et al. (2018b). Backed artefacts were further classified into 

two sub-types: geometric microliths and backed points. Tools were classed as ‘broken backed’ 

artefacts where the sub-type could not be distinguished.  

The location of retouch (see Figure 6.10 above) and the length (mm) of retouched edge along 

the chord (excluding the platform) were recorded. This dimension was then calculated with the 

total length of the tool’s edge to find the proportion of the edge that is retouched (Holdaway 

and Stern 2004:158). The edge angle of retouched edges (using an average of multiple 

measurements) was recorded on retouched flakes using a goniometer to assess whether edge 

angle increased with retouch intensity (Clarkson 2002a, 2007). The number of retouch flake 

scars were counted, and the axial length of the longest flake scar measured. This information, 

together with the recorded data on the type of retouch (scalar, stepping, backed, notched, 
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Holdaway and Stern 2004:163-165) helped to interpret the extent of tool reuse and maintenance 

and degree of curation (e.g. Andrefsky 2005, 2009; Bamforth 1986; Kuhn 1992; Shott 1989).  

The Index of Invasiveness (Clarkson 2002b) was calculated on retouched complete flakes to 

compare the surface coverage of retouch scars between tools (see Figure 6.11 for method). 

GIUR (Kuhn 1990) was used to quantify the difference between retouch height and flake 

thickness (expressed as a value between 0 and 1, Figure 6.11) on unifacially and dorsally 

retouched flakes. These indices place each artefact into the reduction sequence and quantify 

retouch as a proxy measure to assess the degree that a tool was curated. They allow for an 

interpretation of the extent of tool reuse and maintenance, its effect on tool form and degree of 

curation and the use of tools for economic or cultural purposes.  

 

Figure 6.11. Measurement of the Geometric Index of Unifacial Reduction (left) and the Index of Invasiveness 
(right, from Clarkson 2007:36). To calculate the index of invasiveness, each artefact is divided into 16 zones, all 
of which have an inner and outer zone. Scores of 1 (inner) or 0.5 (outer) are given for retouch that reaches 
each zone. The results are totalled and then divided by 16 to produce a value between 0 and 1.  

Flake blank selection was examined by comparing platform size (surface area: length x width) 

and mass on complete retouched flakes, used flakes and unmodified flakes to examine the 

decision-making behind what pieces people chose to use, or whether people just picked up 

anything at hand (Clarkson 2007). Only lightly retouched flakes with an Index of Invasiveness 

score below 0.5 were used to ensure that flakes were not extensively reduced from their original 

size. Flake shape was also quantified according to the relative shape categories described 

above: elongate, long, intermediate and wide. As discussed above, these variables provide a 

good indication of original blank size (Dibble 1987; Dogandzic et al. 2015; Shott et al. 2000), 

tool design considerations and morphological preferences.  
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STATISTICS 

MEASURING CENTRAL TENDENCY AND VARIATION 

Measures of central tendency and variance were used to compare datasets. On most occasions 

the median and Interquartile Range (IQR) were used rather than the mean and standard 

deviation because many datasets have outliers that strongly skew the mean. The median is more 

robust in the presence of outlier values (Drennan 2009:23). The median is simply the middle 

number of a batch and the IQR is the range between the upper and lower quartiles. These 

measures provide an indication of the level and spread of a batch (Drennan 2009:29). 

Comparison of IQR as a measure of variability on its own is not robust if the medians of two 

samples are markedly different. To compare variability between two samples I calculated the 

Coefficient of Quartile Variation (CQV, Bonett 2006): 

𝐶𝑄𝑉 =
𝑄3 − 𝑄1

𝑄3 + 𝑄1
 

using the first (𝑄1) and third (𝑄3) quartiles for each dataset. This is a measure of relative 

variability which is akin to the Coefficient of Variation (which is only appropriate for generally 

normally distributed data, Fletcher and Lock 1991:48-49) and is robust to outliers. Since this 

coefficient is unitless it is very useful for comparing variables that have different units. This 

ratio is only used on samples where the median is not near zero i.e. ratio data. Box plots (Levin 

and Fox 1994) were also used to visually show variability between datasets.  

TESTS OF SIGNIFICANCE 

A series of statistical tests were used to provide support for the strength and accuracy of patterns 

detected in the datasets. Significance refers to the probability that the results are attributable 

just to the vagaries of sampling. That is, that they represent nothing more than the normal 

variation to be expected in the random sampling process (Drennan 2009:151-152). Significance 

testing simply indicates how likely it is that the null hypothesis is correct. The significance 

tests used in this study are paired sample t-tests, Mann Whitney U, chi-square tests and Fisher 

Exact tests.  
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Independent non-normal distributed data were analysed using the non-parametric Mann 

Whitney U test (Levin and Fox 1994:306-310; Shennan 1997:65-68). This test is well suited to 

continuous datasets such as metrical attributes (summarised using median and IQR) recorded 

on cores and flakes. It was used in place of t-tests for metrical datasets because most samples 

have outliers, a non-normal distribution and some sample sizes are below 40 which makes the 

t-test more susceptible to violating the assumption of normality – it becomes more robust with 

larger samples (Drennan 2009:161). I used the paired sample t-test (also known as the 

dependent sample t-test) to compare the difference between the means of two paired samples. 

In a paired t test, each sample is measured twice (for example, actual artefact water weight and 

artefact water weight predicted using linear regression). The null hypothesis assumes that the 

mean difference between two sets of observations is zero. The Shapiro-Wilk test was used to 

assess normality. Datasets with skewed distributions were transformed, using the natural 

logarithms, before t-tests were conducted to satisfy the prerequisite assumptions of normality.  

Categorical attributes such as platform type and the presence or absence of cortex were 

examined using contingency tables. Chi-square tests evaluate the probability that two samples 

could be as different as they are if they came from an identical population (Drennan 2009:183; 

Fletcher and Lock 1991:129). Fisher's exact test was used in the analysis of contingency tables 

when more than 20% of an expected frequency table for Chi-Square was under five (Drennan 

2009:192-193).  

Linear regression analysis was used to predict variables (e.g. artefact water weight) by 

determining the line of best fit between the points formed by the intersection of two variables 

on an x and y axis and how far each point diverges from the line (Drennan 2009:202; Levin 

and Fox 1994). I used the Pearson correlation coefficient to measure how strongly and in which 

direction the linear relationship is between two datasets (Levin and Fox 1994). Here, r returns 

either a positive or negative value with the strength of the relationship determined by its value 

between 0 and 1. The variable with the value to be predicted is the dependent variable (Y) and 

the variable with the known value is the dependent variable (X). Predicted values were 

produced using the following formula where a is the intercept and b the slope variable (Drennan 

2009:204): 

Y = a + bX 
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CHAPTER CONCLUSION 

Tool-stone use can be linked to higher-order human strategies through examining how foragers 

organised and used lithic technologies. This chapter has described how mobility was 

investigated at Juukan 2, Murujuga Rockshelter and Yurlu Kankala through the analysis of 

artefact specific, pooled and comparative attributes on the discarded tools and debris that were 

left behind and by applying a series of techniques to distinguish artefacts that were transported 

(i.e. what is missing from site assemblages). This approach is strengthened by the inclusion of 

other cultural material including hearth types, faunal remains and other organic material to 

investigate other proxies for mobility. Interpretations are made in the context of the economic, 

environmental and socio-cultural landscapes in which artefacts were used and modified. The 

next four chapters present the results of the lithic analysis. 
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CHAPTER 7 JUUKAN 2 SITE CONTEXT, 
EXCAVATION AND CHRONOLOGY   
 

The Juukan 2 investigation is presented in the following two chapters. Here, the cultural, 

geological and environmental context of Juukan 2 rockshelter is described. The rockshelter 

excavation methods are subsequently detailed and stratigraphy, chronology and a summary of 

excavated cultural materials at the site are discussed. In Chapter 8 the lithic analysis from the 

site is presented. 

SITE CONTEXT 

Juukan 2 (also known as Brock-21 or Department of Planning, Lands and Heritage (DPLH) 

site ID 22299) is located on what is now Rio Tinto’s Brockman 4 mine site (80,000 sq. km) in 

eastern Puuntu Kunti Kurruma and Pinnikura (PKKP) country, central Hamersley Range, 

Western Pilbara (Figure 7.1).  

  

Figure 7.1. Location of Juukan 2 showing (l) landscape context (aerial from ESRI) and (r) geological context 
(Geological Survey of Western Australia 1990). Legend: Dark blue - Mamba Mamba iron formation of chert, 
BIF and pelite (AHm) and Weeli Wolli Formation and Brockman Iron Formation of BIF, chert and pelite. Brown 
– Jeerinah formation of pelite, chert and metamorphosed sandstone (AHs) and pelite, chert and BIF (AFj), with 
metasandstone, chert breccia and metamorphosed felsic volcanic rock (brown/white circles). Yellow – quartz 
colluvium. 
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The name Juukan refers to a small gorge with archaeological and ethnographic sites known 

collectively as the “Juukan complex” (Figure 7.2, Table 7.1). The area was named after a 

nearby creek which relates to a hill and birthplace of a PKKP Traditional Owner’s deceased 

father, as a marked sign of respect to his memory (Williams 2008). The complex is highly 

culturally significant to PKKP, not just because of its rich archaeological finds, but because of 

the ‘actual and potential traditional, historic and contemporary knowledge curatively stored 

within the complex’ (Williams 2008:13). 

 

Figure 7.2. The “Juukan complex” with DPLH archaeological site boundaries (aerial from ESRI, site data from 
DPLH). Note, this aerial photo was taken in 2015. The terrain, creek and heritage sites have since been 
disturbed or destroyed as part of expansion of Pit 1 at Rio Tinto’s Brockman 4 mine.  

 

Evidence from rockshelters in the Juukan complex demonstrates at least occasional use of this 

area by Aboriginal people during the Pleistocene and the late Holocene (Table 7.1). Excavation 

of Juukan 1 and Juukan 2 in 2008 (Slack et al. 2009) revealed Pleistocene sequences. Juukan 

1 was first briefly visited just before 37-36 cal ka BP (Slack et al. 2009). The extent of site 

visits after this time is unclear as only 32 lithic artefacts were found in the deposit and most 

derive from the top of the excavation which is late Holocene (Table 7.1). Site Brock-24 has 
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evidence for Aboriginal use of the area within the last thousand years (Table 7.1, Scarp 

Archaeology 2008a), and flaked glass identified at a nearby rockshelter further along Purlykuti 

Creek (BS4-07-40, Scarp Archaeology 2008b) demonstrates continued Aboriginal use of this 

area into historical times, probably when people were working on stations and used the area as 

a thoroughfare (Builth 2013). Brock-25 is a large surface artefact scatter located adjacent to 

Purlykuti Creek (Table 7.1, Figure 7.2). During an ethnographic survey in 2013, PKKP 

Traditional Owners (relatives of those who used to regularly visit the country and knew the 

stories) spoke of people camping in this place when they came to and continued moving 

through the area (Builth 2013). 

Table 7.1. Details of archaeological sites recorded in the Juukan complex (Juukan 2 is not included here as it is 
discussed in detail below). 

Site ID Type Archaeological material Reference 

Juukan 1  
(DPLH ID 
22298) 

Rockshelter - Flaked stone artefacts on surface of shelter. 1 sq. m test pit 
excavated to depth of 75 cm bs.  

- Radiocarbon dates on charcoal:  
     37-36 cal ka BP (Beta-249759) at 60 cm bs 
     31-30 cal ka BP (Beta-249758) at 35 cm bs 
     723-563 cal BP (Beta-249757) at “near surface” 

- 32 flaked stone artefacts in deposit – mostly from upper 
two XUs. 1 lithic at 70 cm bs below the 37 ka date. 

Jackson and Fry 2004; 
Scarp Archaeology 2008a; 
Slack et al. 2009 

BS4-08-
44 
(DPLH ID 
28479) 

Artefact 
scatter, 
Rockshelter 

- One ironstone flake and a single grindstone base on surface 
of shelter. Deposit too shallow for excavation 

Scarp Archaeology 2008a 
 

Brock-22 
(DPLH ID 
22373) 

Artefact 
scatter, 
Rockshelter 

- Nine flaked stone artefacts, a large grindstone base and an 
upper grinding stone on surface of shelter. Deposit too 
shallow for excavation  

Jackson and Fry 2004; 
Scarp Archaeology 2008a 
 

Brock-23 
(DPLH ID 
22374) 

Artefact 
scatter, 
Rockshelter 

- 36 flaked stone artefacts, two grindstone bases, a complete 
upper grinding stone and two upper grindstone fragments 
on surface of shelter. 

- 1 sq. m test pit excavated to depth of c.30 cm bs. 52 flaked 
stone artefacts recovered from depths of up to 25 cm bs: 45 
flakes, five retouched flakes and one core – mostly made on 
chert. No dates.  

Jackson and Fry 2004; 
Scarp Archaeology 2008a 
 

Brock-24 
(DPLH ID 
22375) 

Artefact 
scatter, 
Rockshelter 

- Five flaked stone artefacts (two are retouched), a 
grindstone base and an upper grindstone on surface of 
shelter.  

- 1 m x 1 m test pit excavated to depth of c.40 cm bs. 
Radiocarbon date on charcoal from 31 cm bs of 290 ± 140 
BP (Beta-249760) 

- 81 flaked stone artefacts recovered from depths of up to 
c.31 cm bs: 69 flakes, nine retouched flakes and three 
cores, mostly made on chert.  

- 10 large macropod fragments (five are burned) in XUs 1-4 
most likely from Macropous rufus. 

Jackson and Fry 2004; 
Scarp Archaeology 2008a 
 

Brock-25 
(DPLH ID 
22376) 

Artefact 
scatter, 
water 
source 

- Large artefact scatter located adjacent to Purlykuti Creek.  
- 176 flaked stone artefacts recorded in surface sample of 

2.4% of area. Main materials recorded were ironstone 
(48.9%), chert (33.4%), siltstone (11.4%), also chalcedony, 
quartz and sandstone. High proportion of retouched flakes 
(n=27, 15.3%), also grindstones (n=12, 6.8%) and cores 
(n=10, 5.7%). 

Jackson and Fry 2004; 
Scarp Archaeology 2008a 
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Site ID Type Archaeological material Reference 

- Archaeological material was found outside the site 
boundaries during an ethnographic survey in 2013 (Builth 
2013), and PKKP expressed a desire for more detailed 
recording to take place. 

 Walled niche - No further information is available Builth 2013:37 

 Rockhole - Non-permanent water source Identified by PKKP in 2013 as 
a significant spiritual place that was created by a water 
snake and which was the reason why the rockshelters, and 
the valley itself, was so important to the ‘old people’. Two 
other small rockholes are also located in the gorge (M Slack 
pers. comm. 2018). 

Builth 2013:27–28 

 

The function of watercourses as ‘corridors through country’ were discussed in Chapter 4. 

PKKP Traditional Owners believe that Purlykuti Creek functioned as one such corridor, 

providing access to the south through the high ranges south of Boolgeeda River (known as 

Ngarlamiju) and which connects with Vivash Gorge, a corridor through to the Beasley River – 

the southern boundary of PKKP country (Figure 7.3, Builth 2013:30). Vivash Gorge and other 

nearby areas contain extensive engravings and blade quarries (archaeologists Craig Westall 

and Vivienne Wood pers. comm. in Builth 2013:29) and is noted by PKKP to be the place of 

the “very very old people” (Builth 2013:26). The Purlykuti corridor also connects the gorge in 

which Juukan 2 lies with the engraved art and other sites in the range north of the Boolgeeda 

(Builth 2013). Purlykuti Creek itself is a registered DPLH site (ID 36229) with high 

significance to Aboriginal people. In fact, this creek is such an important and strategic place to 

the PKKP that it gave them their name: the Puuti Kunti (Builth 2013:27). In 2013, the PKKP 

spoke of the creek and Juukan complex as the ‘gateway to the important ceremonial sites in the 

south-west’ (Builth 2013:23). While of course this cannot be directly extrapolated into the past, 

these records show how the PKKP conceptualise physical landscapes as cultural landscapes. 

Implications of the strategic location of the Juukan complex within the wider cultural landscape 

are discussed further below.  
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Figure 7.3. Extended landscape around Juukan 2 showing features mentioned in the text (aerial from ESRI).  

LITHIC ENVIRONMENT 

The central Hamersley region is characterised by high eroded BIF ranges, ridges, hills and 

plateau, some with steep cliff lines, and deep chasms and gorges. BIF is interlaced with 

intrusions of chert, shale, siltstone and dolomite (Trendall 1975). Other formations include 

mudstone and metamorphosed siltstone, breccias and local thin beds of metamorphosed 

sandstone and dolomite. Many of these rocks are suitable for stone artefact manufacture (e.g. 

Brown 1987: 4-5). Juukan 2 itself is situated in a distinctive deep and narrow ironstone gorge 

on the southern side of a BIF ridge which forms part of a much larger NE-SW aligned series 

of ranges. The wider landscape around Juukan gorge has been subjected to systematic 

pedestrian survey (parallel transects walked c.30–50 m apart) during four separate 
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archaeological surveys (Jackson and Fry 2004, 2007; Scarp Archaeology 2008a, 2008b). 

However, as Builth (2013) noted, large sections of these survey areas were not surveyed on 

foot because of steep terrain. This included the ridges directly north and south of the “Juukan 

complex” gorge.  

There is no mention of suitable stone tool sources in Juukan gorge itself and no quarry sites 

were recorded. Slack et al. (2009) noted that BIF, ironstone, chert, quartz and siltstone are 

available as cobbles or gravels in the floodplain located 200 m southwest of Juukan 2 (Table 

7.1) and in Purlykuti Creek. It is also very likely that cobbles and gravels made on various 

materials were sourced from the drainage line running through the gorge itself (see below). 

Some rockshelters in the area are sources of stone themselves, displaying evidence of quarrying 

in the form of negative flake scars in exposed BIF/chert bands within rockshelter walls (e.g. 

BS4-07-03, Scarp Archaeology 2008b). Michael Slack (pers. comm. 2018) recalled seeing high 

quality BIF outcropping in a shelter about 500 m away from Juukan 2. The next closest 

recorded tool-stone source is a ‘cherty siltstone’ gravel quarry located approximately 2.7 km 

east of the shelter (V. Anderson pers. comm. 2018). BIF and chert quarries were also recorded 

on ridges approximately 3.8 km and 4.4 km to the east of Juukan 2 (V. Anderson pers. comm. 

2018). There may also be quarries in the unsurveyed area more than one kilometre west of 

Juukan gorge. Several gorges in other parts of the stony hills were noted by Scarp 

archaeologists (2008b:271) as being deeply scoured which has created tool-stone sources. No 

fine-grained volcanic and chalcedony quarries have been recorded in the area. However, these 

materials are part of the local geology and it is probable that local sources are present and were 

used by Aboriginal people. To summarise the Juukan 2 lithic environment, materials found in 

the rockshelter are currently locally available within the Purlykuti catchment area (Table 7.2). 

It is tempting to make the assumption that material procurement was local, but this cannot be 

verified without geochemical sourcing work. However, a review of raw material use in the 

surrounding area sheds light on distance-decay and local raw material consumption.  

Materials recorded at surface artefact scatters in the Brockman 4 area include ironstone, chert, 

dolerite, siltstone, quartzite, volcanic material, BIF, quartz and chalcedony (Jackson and Fry 

2004, 2007; Scarp Archaeology 2008a, 2008b). Crystal quartz is not mentioned in heritage 

consultancy reports, however, artefacts made on this material may have been recorded as 

quartz. In their analysis of 403 stone artefacts from 67 surface artefact scatters and rockshelters 

at Brockman 4, Scarp Archaeology (2008b) found that most flakes and cores were made on 
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chert, BIF and siltstone. They noted patterns in material use in different landforms. Chert 

artefacts were more frequently found in drainage areas, whereas on the plains BIF artefacts 

predominate (Scarp Archaeology 2008b). BIF and chert were more equally represented in the 

stony hills. Chert cores were least intensively reduced within drainage areas, more intensively 

reduced on the plains, and heavily reduced in the stony hills. They linked this patterning to 

distance to source and concluded that tool-stone procurement was local, and that stone was not 

transported over great distances in the Brockman 4 area.  

Table 7.2. Availability and brief description of lithologies identified at Juukan 2 (scale = 5 mm). 

Banded-iron formation (BIF) 

 
Available within 1 km. 
 
Iron-rich banded sediments. 
Distinctive banding and colour 
(ranging from light mottled 
brown to very dark brown). 
Fracturing properties vary. Range 
of grain sizes and inclusions from 
coarse-grained ironstone rich 
pieces to fine-grained varieties. 
 

Chalcedony 

 
 
Available within 1 km. 
 
Cryptocrystalline silica-rich rock. Range 
of textures and colours, some with 
inclusions or banding. 

 Chert  

  

Available within 1 km. 
 
Cryptocrystalline siliceous rock, wide 
variety of colours. Form and fracturing 
properties vary.  
Some pieces have BIF banding. These 
artefacts were recorded in the chert 
rather than BIF category as they were 
mostly siliceous and correspond to 
chert rather than BIF flaking properties.   
 

Crystal quartz 
  

 
 
Availability unknown but possibly 
local. 
 
Recorded separately to quartz 
because it has a more 
homogenous internal structure 
than regular quartz.  
 

Fine-grained volcanic 

 
 
Presumed available within 1 km. 
 
Fine grained volcanic rock. 
 

Ironstone   

 
 
Available within 1 km. 
 
Heavy and coarse-grained sedimentary 
rock. Some with BIF banding, but 
classified as ironstone if piece is mostly 
ironstone with little banding and is very 
coarse grained and heavy. 
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Quartz 
 
 
 

 
 
Available within 1 km. 
 
Hard, crystalline silica rich rock. 
Most artefacts are good quality 
with predictable internal 
structures which have fractured 
conchoidally. Some low quality 
vein quartz gravels noted in 
deposit. 
 
 

Siltstone (silicified) 

  
 
Available within 1 km. 
 
Sedimentary rock that has been silicified 
metamorphically. Fine-grained, fractures 
conchoidally. Often grading/inclusions of 
BIF, chert or chalcedony. Wide range of 
colours, often mottled. 
 

WATER SOURCES 

Three small rock holes and an ephemeral drainage line are located in the Juukan complex 

(Figure 3, Builth 2013; Williams 2008). Jackson and Fry (2004:97) noted that the drainage line 

at the base of the gorge is approximately 4-5 m wide and is evidently shallow and fast flowing 

when water is present. One rockshelter sits approximately 8 m above the drainage line and is 

about 40 m from the rockhole. This rockhole (Figure 7.4) held water during an ethnographic 

survey in June 2013 (Builth 2013) but was empty in November 2008 (Williams 2008). PKKP 

stated that the rockhole was a significant spiritual place that was created by a water snake and 

was the reason why the rockshelters, and the valley itself, were so important to the old people 

(Builth 2013:27-28). Waterholes occur within rugged ironstone formations across the 

Brockman 4 area. Many are only a few metres across and deep but Scarp archaeologists 

(2008b:42) have recorded at least three larger waterholes up to 10 m wide and over 2 m deep. 

No information on their exact location is available.  

Boolgeeda Creek runs east-west 5.5 km north of the site and the minor Purlykuti Creek comes 

off this branch. These watercourses are characterised by braided, meandering drainage lines 

with multiple active and inactive flow channels typical of ephemeral creeks in the Pilbara. 

Duck Creek, which marks the northern boundary of PKKP country, is located approximately 

20 km to the north and the large Ashburton River is over some 78 km south of the rockshelter. 

These, and the rockholes, are temporarily filled after heavy rainfall. The Hamersley Range 

experiences an annual rainfall of 461 mm which mostly falls between December and March 
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(Figure 7.5, Bureau of Meteorology 2018c). Evaporation greatly exceeds transpiration most of 

the year which keeps the region relatively arid. Winters are typically mild and dry although 

winter rain events can occur in June and July.  

 

Figure 7.4. Rockhole “snake pool” in Juukan complex (from Builth 2013:28). 

 

 

Figure 7.5. Average monthly rainfall and minimum and maximum temperatures at Wittenoom in the Hamersley Range, 

some 125 km northeast of Juukan 2, between 1951-2018 (data from Bureau of Meteorology 2018c). 
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PLANT AND ANIMAL RESOURCES 

Vegetation within the gorge comprises dense spinifex (Triodia spp.), grassland and scattered 

Eucalyptus spp. (predominantly E. leucophloia) and Acacia spp. shrubs lining the base and 

steep sides (approximately 45°) of the valley (Figure 7.6). A total of 367 taxa of native vascular 

flora from 149 genera are recorded in the Brockman 4 area (Biota Environmental Sciences 

2005): these are the dominant species typicalof the wider Pilbara region. Stony hills slopes and 

gorges are vegetated with open Eucalyptus. spp. or Corymbia spp. woodland and low open 

mulga (Acacia spp.) and Grevillea spp. woodland over bunch grassland (savannah) and open 

hummock grassland (Beard 1975; Biota Environmental Sciences 2005, 2007). Rocky substrate 

and low stony hills are vegetated with spinifex (various Triodia species), scattered trees 

(Eucalyptus spp., Melaleuca spp.) and shrubs (e.g. Hakea spp., Grevillea spp., snakewood A. 

xiphophylla) of varying densities. The steeply incised gorges that dissect the banded-iron 

formations provide important habitats for relic floral species including Ficus spp., kurrajongs 

(Brachychiton spp.) and native cypress (Callitris columellaris) (van Vreeswyk et al. 2004). 

Rocky ridges and breakaways also create diverse microhabitats and refugia for vertebrate fauna 

in the form of overhangs and crevices and foraging habitats (Biota Environmental Sciences 

2005). Ephemeral creek beds support a denser community of shrubs and trees, often with a 

Eucalyptus or Corymbia overstory (Biota Environmental Sciences 2005, 2007). Annual grasses 

appear after summer rains. Many plants provide edible and medicinal resources including 

tubers, seeds and honey.  

Eighty-three species of birds, 54 reptile species and 13 species of ground mammals have been 

identified during environmental surveys in the Brockman 4 area (Biota Environmental Sciences 

2005). Kangaroo species include the red kangaroo (Macropus rufus) and the common wallaroo 

(M. robustus). Smaller mammals include the bilby (Macrotis lagotis), northern quoll (Dasyurus 

hallucatus) and short-nosed echidna (Tachyglossus aculeatus). Geckos account for 48% of 

reptiles but larger economic reptile species such as goannas (Varanidae) are also recorded. 

Other economic species such as the Australian bustard (Ardeotis australis) were also noted. 

Fish and other freshwater resources are not discussed in previous heritage survey reports or 

environmental surveys but may have been variably available resource in larger creeks and 

waterholes (Morgan et al. 2009, 2014a, 2014b). 
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Figure 7.6. View north across the gorge towards Juukan 2 during excavation showing vegetation structure. 
Juukan 1 rockshelter is on the right (photo provided by Michael Slack). 

SUMMARY  

The Hamersley Range displays topographical and spatial complexity and microclimatic 

variation, providing environments where plant and animal species could survive and persist 

through climatic fluctuations (e.g. Byrne et al. 2017). This is also the case for human 

populations. However, the availability of resources varies across landforms in the central 

Hamersley. Drainage areas typically have a higher biodiversity than plains and stony ridges, 

providing more abundant and predictable food resources such as honey, fruit, small to medium 

sized macropods and edible tubers. Seasonal or ephemeral waterways are also a tool-stone 

source: cobbles and gravels move through water channels during high-flow events and exposed 

stone outcrops occur in the shallows of creeks. In contrast, vegetation cover and biodiversity 

are typically lower on stony ridges and hills and little residual soils occur on these landforms. 

However, gorges and steep-sided gullies provide pockets of high biodiversity, foraging habitats 

for vertebrate fauna and protective shelters (rockshelters, crevices etc.) from weather 

conditions and other predators. Different parts of the landscape clearly held different economic 

values for resident Aboriginal groups and would have been visited periodically during different 

seasons for particular resources.  
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Previously recorded archaeological sites in the wider Brockman 4 area surveys (Jackson and 

Fry 2004, 2007; Scarp Archaeology 2008a, 2008b) indicate a clear patterning in Aboriginal 

landscape use. Fewer and smaller artefact scatters and quarries are recorded in the plains than 

near drainage areas – where the largest and most complex sites were recorded near Boolgeeda 

Creek (Scarp Archaeology 2008b). Stony hills contain small artefact scatters and occasional 

isolated finds but places with ephemeral water sources in gorges and gullies have a higher 

density of sites. Scarp (2008b:271) mentioned finding two edge ground axes in the stony hills 

– indicating visits to these areas for tasks such as collecting timber for firewood, chopping out 

honey or for making wooden implements. Hardwoods such as Acacia spp., which grow in 

thickets across the region, are important sources for item manufacture. 

The gorge in which Juukan 2 is located itself contains rockshelters and overhangs (shelter for 

both people and animals), outcropping stone, ephemeral water, and plant and animal resources. 

Lemon grass (Cymbopogon ambiguus) grew next to the rockhole: a PKKP elder collected this 

plant for use as bush medicine during an ethnographic survey in June 2013 (Builth 2013). The 

presence of grindstones and faunal material (including a fish bone fragment) in these 

rockshelters attest to Aboriginal resource use in the gorge and surrounds. Indeed, previous 

heritage survey work in the wider Brockman 4 area (Jackson and Fry 2004, 2007; Scarp 

Archaeology 2008a, 2008b) has identified abundant evidence for past plant and animal 

resource exploitation by Aboriginal people. Scarred trees, typically comprising single large 

elongated scars on snappy gum (E. leucophloia) trees, demonstrate the use of wood for tools 

such as wooden dishes and shields. A small wooden dish (yandi) was found on the ground 

surface of a small rockshelter in the Brockman 4 area (BS4-07-68, Scarp Archaeology 

2008b:162). Balls of spinifex resin were found on the surface of rockshelters. Tula adzes used 

for scraping hard wood were identified at multiple surface artefact scatters and rockshelters, 

and a ground edge axe was recorded as an isolated find in the area (Scarp Archaeology 

2008b:201). Grindstones were recorded throughout the Brockman 4 area in open site and 

rockshelter contexts. Heritage survey work elsewhere on the Rio Tinto Brockman 4 mine has 

resulted in the identification of over 90 further sites including artefact scatters, engravings, 

modified (scarred) trees, historical camps and rockshelters (Jackson and Fry 2004, 2007; Scarp 

Archaeology 2008a, 2008b). The gorge and the wider Brockman 4 area clearly supported 

human populations over a long period of time. The extent and nature of this occupation is less 

well understood and is the focus of the Juukan 2 excavations and analysis.  
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EXCAVATION  

I did not take part in the Juukan 2 excavations. The following information derives from data 

provided by Michael Slack and W. Boone Law, a published paper (Slack et al. 2009) and three 

unpublished preliminary advice reports prepared for Rio Tinto and the PKKP (Scarp 

Archaeology 2014a, 2014b, 2014c). 

Juukan 2 is a large, two-chambered rockshelter originally recorded in 2003 as BROCK-21 

(Jackson and Fry 2004). The large western chamber measures approximately 15 m wide, 9 m 

deep and a maximum of 8 m high at the dripline (Figure 7.7). A hole in the roof in the western 

side of this chamber has allowed rain to enter and, as a result, the top layers of the deposits 

have been disturbed by water movement, roof-fall and rubble (Figure 7.8). The talus slope is 

steep (c. 45°) and thickly vegetated with seasonal grasses (Jackson and Fry 2004:97). Twenty-

seven flaked stone artefacts and a dolerite upper grindstone were found on the surface in the 

western chamber. In 2008, Scarp Archaeology excavated a 1 m x 1 m test pit (Square A) to a 

depth of 1.05 m, uncovering hearths, faunal remains, and 272 flaked stone artefacts (Slack et 

al. 2009). Dates on three charcoal samples (Table 7.3 below) indicated a Pleistocene sequence 

with some evidence for LGM site visits. In 2013, Rio Tinto advised that the shelter would be 

destroyed by the development of the proposed Pit 1 expansion at the Brockman 4 mine. A 

large-scale salvage excavation of Juukan 2 was subsequently undertaken in 2014 by Scarp 

Archaeology and PKKP Traditional Owners after ministerial consent to destroy the site under 

section 18 of the WA Aboriginal Heritage Act was granted in December 2013.  

The main aim of the 2014 salvage excavation was to sample a large area within the shelter in 

a time-efficient manner and target Pleistocene deposit and cultural assemblages (Scarp 

Archaeology 2014a). Deposit was removed in arbitrary c.4–5 cm spits with reference to a 1 m 

x 1 m grid. Artefacts found in situ were recorded in three dimensions, collected and bagged. 

Sediment was sieved on-site through 4 mm and 2 mm mesh and artefacts were collected from 

sieves and stored in labelled plastic bags. As material was sorted in the field rather than in a 

laboratory (where materials are typically washed and collected under well-lit conditions), 

artefact counts and interpretations based on this data require caution because some small 

artefacts were probably not identified and recovered on-site. Stone artefacts were bought to the 

UWA lab in 2016 for artefact recording. Munsell and pH were not tested on site but were 
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subsequently recorded in 2018 on 35 soil samples available from Square C as part of this 

research.   

 

Figure 7.7. View north towards Juukan 2 showing large western chamber where excavations took place (photo 
provided by Michael Slack). 

 

Fifteen 1 m x 1 m squares were excavated in total (Figure 7.8 and Figure 7.9). Not all squares 

were excavated to bedrock because of depth safety requirements. Excavation of the original 

test pit (Square A) was continued below the 2008 base (105 cm bs) to bedrock at 179 cm bs. 

Squares B, C, D, J, K, P and Q were also excavated to bedrock or impenetrable roof-fall at 

depths between 133 – 167 cm bs. Excavation of Square L stopped at 60 cm bs to provide a safe 

bench access for deeper work. Squares S and T were each excavated to 30 cm bs before 

excavation was discontinued for the same reason. Squares E and F are in a washed-out area 

with rubble and roof fall (Figure 7.8). The top 110 cm of deposit in these squares was removed 

as a single unit (as a safety bench). Excavation continued in Square E to bedrock at 177 cm bs.  
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Figure 7.8. Juukan 2 site plan showing the location of the 2014 excavation and Square A from the 2008 test 
excavation (figure provided by Michael Slack).  

 

 

Figure 7.9. Juukan 2 near completion of excavation (photo provided by Michael Slack).  
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STRATIGRAPHY AND SITE FORMATION 

Micromorphological analysis was not undertaken at Juukan 2 but grain size analysis was 

completed on 15 bulk sediment samples from square C (Ward 2017). Results showed that the 

sediments are made up of poor to moderately-sorted, coarse-to-fine sands of degraded 

ironstone, quartz and feldspar with varying contributions of finely disseminated organics 

(charcoal) and some bone. Sedimentation mainly derives from slow exfoliation of the 

rockshelter walls (Ward 2017; pers. comm. 2018). The coarse quartz grains are moderately 

rounded in contrast to the feldspar, which is more angular, and implies that the quartz derives 

from a more distant source. Coarse sand (620-800 um) is dominant throughout most of the 

sequence except in XUs 16, 18 and 30 where finer silt (50-75 um) predominates. This suggests 

relatively constant sediment source and transport except for around these three XUs. 

The Juukan 2 stratigraphic sequence is complex. Over 35 distinct layers made up of combustion 

features, preserved organic features (e.g. grasses) and changes in sediment colour and 

consistency were noted during excavation (Figure 7.1, Scarp Archaeology 2014b). Four main 

distinctive stratigraphic units (SUs, Figure 7.10) can be identified based on sediment colour 

and composition and are present in all squares excavated to bedrock. The stratigraphy in 

squares P and Q in the back of the shelter has less clearly defined boundaries than other squares. 

I compiled the following stratigraphic units/descriptions using information on XU sheets, 

section drawings (Figure 7.11) and photos and from discussions with Michael Slack (pers. 

comm. 2017).  

SU1 comprises the uppermost unit and consists of loose topsoil and brown (7.5 YR 4/3) silty 

sands extending to a depth of 15 cm bs where a change to more compact lighter brown (7.5 YR 

4/2) sediment occurs (SU2). Numerous organics and hearth features were found in SU2. 

Excavators noted the presence of some faunal bioturbation including rat nests. The boundary 

between SU2 and SU3 is marked by a clear change in sediment colour and composition at c.40-

45 cm bs across all squares (Figure 7.10). SU3 comprises a very rocky grey brown (7.5 YR 

3/3, 7.5 YR 4/3, 7.5 YR 4/2) layer with numerous combustion features which give the sediment 

variable colours from dark brown to light grey. Overall, SU3 is a noticeably greyer unit than 

all other units. This is at least in part because of extensive hearth activity: many hearths have 

retained their shape and sediments are rich in loose charcoal and ash. Numerous pieces of large 

rockfall and rubble occur in concert with increased sediment accumulation. This could relate 
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to human behavioural processes or to changes in sediment source or other external processes. 

Roof-fall events are more likely to have occurred during wetter periods (Vannieuwenhuyse 

2016:204). More humid/wet periods could result in an increase in weathering processes and 

therefore sediment deposition. Rock weathering is activated by water dissolution on the shelter 

walls which induces rock breakdown that releases fine particles and sometimes rock fall 

(Vannieuwenhuyse 2016:204).  

 

Figure 7.10. Northern section of squares J and K showing the four main stratigraphic units (figure made using 
photo provided by Michael Slack).  

Beneath SU3, at approximately 90 cm bs, sediment is a distinct orange/brown (5 YR 4/4, 5 YR 

4/3, 7.5 YR 4.3, SU4) colour with fewer rocks and gravels until the base of the unit where 

rubble occurs amongst bedrock. Again, a high number of anthropogenic particles such as 

charcoals and ashes produce variable lenses of darker and lighter browns and greys throughout 

this lower section (SU4) to bedrock (Figure 7.10). A change in sediment colour (from 

orange/brown 5 YR 4/4, 5 YR 4/3 to brown 7.5 YR 4/3) is apparent in squares E and C in SU4b 

but does not occur across all squares and a stratigraphic change is difficult to confirm without 

further detailed information, particularly from squares A and D. Ward (2017) found a marked 

change to fine silt in square C XU 30 (Figure 7.11) which corresponds to the change in sediment 

colour across squares E and C at this depth.  
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Figure 7.11. Northern sections of squares C and A showing the variation in SU depth across squares (figure 
made using section provided by Michael Slack).  

 

CHRONOLOGY 

In addition to the three radiocarbon dates from the 2008 square A excavations (Slack et al. 

2009), a further 13 radiocarbon dates were obtained from in situ charcoal or hearths at Juukan 

2 in 2014 (Table 7.3). In addition, five OSL age ranges were derived from sediment samples 

from the northern section of squares A and C (Table 7.4). 
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Table 7.3. Details of radiocarbon dates from Juukan 2. Dates calibrated using OxCal v. 4.3 (Bronk Ramsey 2008, 2009a) with SHcal13 curve (Hogg et al 2013) All radiocarbon 
dates from Beta Analytic Inc. 

Sample ID Lab code SQ XU SU Depth below 
datum (cm) 

Depth below 
surface (cm) 

Sampling details  14C Error Cal BP 95% Average age 
cal BP 

Beta-247330 Beta-247330 A 2 1 Not available 7 
 

450 40 541-330 436 

BROCK21 C6A 432029 C 6a 2 55 24 in situ loose charcoal 6790 30 7660-7570 7615 

BROCK21 C4 432028 C 4b 2 50 19 in situ loose charcoal 3330 30 3580-3450 3515 

BROCK21 C9 432030 C 9 3 73 42 hearth 14220 50 17420-17105 17262.5 

BROCK21 C12 432031 C 11/12 3 82 51 hearth (XU 12a) 16340 50 19785-19550 19667.5 

Beta-247331 Beta-247331 A 11/12 3 70 62.7   16130 80 19685-19195 19440 

BROCK21 C14 432032 C 14 3 101 70 in situ loose charcoal 18070 60 19995-19770 19882.5 

BROCK21 C16A 432033 C 16a 3 107 76 in situ loose charcoal 18210 70 22225-21845 22035 

BROCK21 C18B 432034 C 18b 3 118 87 hearth 19570 80 23705-23370 23537.5 

BROCK21 C20 432035 C 20 4a 128 97 in situ loose charcoal 21270 90 25745-25400 25572.5 

BROCK21 C22 432036 C 22 4a 138 107 in situ loose charcoal 21230 70 25680-25400 25540 

BROCK21 C24 432037 C 24 4a 145 114 in situ loose charcoal 22560 80 27085-26585 26835 

Beta-247332 Beta-247332 A 17 4a Not available 95 
 

20050 100 24390-23839 24115 

BROCK21-C-27B Beta-383965 C 27 4a 164 133 hearth 24410 110 28707-28095 28401 

BROCK21 E32 432027 E 32 4b 192 155 in situ loose charcoal 38020 400 42705-41710 42207.5 

BROCK21-D-32 Beta-383966 D 32 4b 192 157 in situ loose charcoal 38620 430 43215-42025 42620 
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Table 7.4. Details of Juukan 2 OSL dates using a Central Age Model (CAM, figure provided by Luke Gliganic).  
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Figure 7.12 shows all dates plotted against depth below surface. A chronological gap occurs 

between SU3 and SU2. There is only 20 cm between OSL date BR21-5 (11 ± 0.6 ka) and 

BROCK21 C9 (c.17 cal ka BP) and a clear stratigraphic change (SU2 and SU3) between these 

dates. We have interpreted this gap in dates as a discontinuity pending further radiocarbon 

dating. A chronological discontinuity is also apparent in SU4: there is only 10 cm of deposit 

between OSL dates BR21-1 (41.1 ± 2.3 ka) BR21-5 (30.7 ± 1.8 ka). Ward (2017) noted that 

XU 30 corresponds with the chronological discontinuity in SU4 and suggested that the change 

to silt may mark a sedimentological discontinuity. This might be an erosion surface – where 

evidence from human site visits was removed (although no evidence of disturbance of a lag 

deposit was noted during excavation), a sedimentological discontinuity or an absence of people 

at Juukan 2 between c.40–30 cal ka BP. However, given that the adjacent rockshelter Juukan 

1 has evidence for at least a fleeting site visit during this time (Slack et al. 2009), it most likely 

reflects a disconformity rather than a real absence of people. To account for this discontinuity, 

SU4 was subdivided into two units: SU4a – including all dates from c.30 to 23 ka, and SU4b 

– containing the three c.40 ka dates.  

 

Figure 7.12. Age-depth graph for Juukan 2 showing approximate SU boundaries. Unmodeled calibrated mean 
95.4% age ranges are plotted.  



 

156 

 

BAYESIAN MODEL 

Bayesian modelling for the Juukan 2 sequence was undertaken by Kane Ditchfield. A sequence 

depositional model is the most appropriate for Juukan 2 (see Bronk Ramsey 2009a; Ramsey 

2008). In this model, dated determinations are entered into the sequence in the order of their 

deposition (i.e. following the depth, from deepest to shallowest). The dates are ordered by a 

series of Phases which are separated by boundaries. Phases represent a way of ordering dates 

into groups based on some form of chronological patterning. Phases assume that the dates they 

contain are uniformly distributed with no order. This is appropriate for Juukan since there is 

little geoarchaeological information and so it cannot be assumed that there is no intra-strata 

movement in dated materials/sediments. However, as the dates are not inverted, we can be 

confident that there is little inter-strata (or inter-Phase) movement.  

Phases are separated by boundaries representing stratigraphic breaks. Sequential boundaries 

were placed between SU2 and SU3 as well as SU4a and SU4b. The remaining boundaries are 

continuous. Sequential boundaries represent a discontinuity between Phases while continuous 

boundaries represent an un-broken transition from one stratum to the next. Uniform boundary 

types are used throughout which assume a uniform distribution of events within a bounded 

group (Bronk Ramsey 2009a). Ditchfield used the ShCal 13 curve (Hogg 2013) to calibrate 

charcoal dates. He inserted a general t-type Outlier Model into the Sequence model (Bronk 

Ramsey 2009b) to assess the likelihood of any one sample being an outlier. He assigned all 

dates a prior outlier probability of 0.05. An Agreement Index (A-index) was also used. This 

index indicates the ‘goodness-of-fit’ for individual dates and the whole model at a 60% 

threshold value. 

No outliers were returned in the model (Figure 7.13). All dates have a less than 10% chance of 

being outliers. All individual dates return Agreement Index results above the threshold value 

(60%) while the overall model has high Agreement Indices (Amodel = 100.8, Aoverall = 100.6). 

The model estimates that the Juukan deposit began accumulating at 43,634 ± 2940 at the base 

of SU4b. The discontinuity between SU4b and SU4a occurs from 40,756 ± 2157 to 30,064 ± 

1657. This is followed by repeated occupations throughout the pre-glacial and LGM until 

16,403 ± 1099. SU2 is estimated to begin accumulating at 12,946 ± 1682 and continues until 

modern times. 
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Figure 7.13. Juukan 2 Bayesian analysis results (figure provided by Kane Ditchfield).
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ORGANIC MATERIAL 

With a pH reading of 7–8.5 throughout the sediment, organic material has preserved 

exceptionally well in the Juukan 2 deposit. Specialist studies on faunal remains, pollen, hair 

and stone artefact use-wear and residues are ongoing (Michael Slack pers. comm. 2018) and 

preliminary result summaries are provided here with permission from Scarp Archaeology.  

FAUNAL REMAINS 

Analysis of the faunal remains at Juukan 2 is currently being undertaken. Garvey’s preliminary 

study (2016) involved analysis of 1114 g of bone from ten out of 14 squares selected at random 

(an estimated 50% of the faunal assemblage, Figure 7.14). The following summary is based on 

these samples and Garvey’s report.  

 

Figure 7.14. Juukan 2 Number of Identified Specimens (NISP) per XU (top) and weight per XU (base, Garvey 
2016:2-3). Note, XUs across the ten sampled squares were combined for the preliminary analysis. 
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Garvey concluded that the Juukan faunal assemblage represents an in situ deposit which was 

rapidly covered after deposition because of the lack of weathering, bone modification such as 

trampling, and an absence of evidence for fluvial and/or aeolian disturbance or transportation. 

However, sediment accumulation rates are very low (see Chapter 8). It is probable that low 

intensity site use in a dry climate contributed to this patterning. Her taphonomic analysis 

indicates that the small fauna (including placental and marsupial species) are likely to have 

been accumulated by owls. This is based on excellent preservation, skeletal representation and 

the presence of owl pellets. Garvey (2016) summarised that humans probably accumulated the 

medium and large mammals, in particular the macropods, because of particular body part 

representation (long bone, pes bones and cranial elements) and evidence for systematic 

processing. All long bone elements were split open and many contained spiral fractures and 

percussion marks indicating that people were breaking these bones to access the highly 

nutritious bone marrow. No cut-marks made by stone tools were found on any bones. Emu 

eggshell was recorded in XUs 1, 2, 3 and 5 (dating to the Holocene). If, like the southern 

populations of emu, they are seasonal breeders in the Pilbara, then the presence of emu eggshell 

at Juukan 2 suggests some site visits by people in spring. The presence of very small mammals 

in all Pleistocene deposits indicates that the higher frequency of faunal remains (and species) 

recorded in Holocene units (Figure 7.14) is not a result of preservation. Garvey (2016) 

suggested that this indicates an increase in site use both by people and by owls during the 

Holocene.  

A sharp unipoint bone point made on the proximal end of a kangaroo fibula (Figure 7.15) was 

found in square K, XU 28 (134 cm bs), dating to approximately 28,000 years ago (estimated 

from nearby radiocarbon date Beta-383965 square C XU 27b 28 at 133 cm bs). The bone point 

was analysed by Jared Paul at Monash University. This rare surviving piece of organic 

technology serves as a reminder that stone artefacts represent only a small remnant of the 

diverse technological toolkits used by Aboriginal people in the past. Additionally, plant 

remains including bulk grass samples (recovered to depth of c.80 cm bs), spinifex clumps, 

seeds and charcoal were found throughout the deposit. Two pieces of hair (possibly human) 

were found in Holocene deposits. Both pieces are c.4 cm long and are braided. A small but 

consistent number of seeds were recovered from the sieves.  
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Figure 7.15. Juukan 2 bone point. (A) tip at 3x magnification showing horizontal striations, (B) tip at 200x magnification 

showing minor scratching on surface, (C) tip at 200x magnification showing some reddish areas which are possibly pigment 

stains from use, (D) bone modified into pointed tool (figure made using images provided by Michael Slack and Jared Paul). 

POLLEN  

Analysis of the Juukan 2 pollen record from samples in square C was undertaken by Patrick 

Moss from the University of Queensland. The results, shown in Figure 7.16, are preliminary 

and a report is not yet available, but some general observations can be made. Pollen 

concentrations increase through time. This sequence provides an important local proxy for 

environmental change which can be interpreted as indicating an arid phase by at least 25,000 

years ago (square C XU 19, Table 7.3) with grasses dominating and less effective precipitation 

until around 19,000 years ago (square C XU 11, Table 7.3) with a change to predominantly 

tree coverage as climate ameliorated. A clear increase in predominately tree coverage (Eucalypt 

spp., and arboreal taxa) occurs from 19 ka (C11) as grasses (Poaceae), herbs and shrubs 

(Asteraceae) decline by 17 ka. These results appear to broadly correlate to environmental 

proxies using phytolith sequences from Djadjiling and Jundaru (Wallis 2018).  
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Figure 7.16. Juukan 2 pollen results (figure made by Patrick Moss and provided by Michael Slack).  
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HEARTHS 

Hearths occur throughout the Juukan 2 deposit. All appear to be Type A hearths, which are 

thin, discrete, flat combustion features (Whitau et al. 2017), with thin lenses of grey/white ash 

or slightly thicker accumulations of black charcoal. These small hearths were buried and 

preserved by natural sedimentation. Many hearths are at the same depth and may be 

contemporaneous. Two distinct and well-preserved hearths are present at a depth of 1–3 cm 

above bedrock. The LGM and post-LGM unit (SU3) contains higher densities of charcoal and 

ash than all other units. These have discoloured the sediment and make it hard to distinguish 

individual hearth features (Figure 7.10). The comparatively lower frequency of distinct hearths 

in this unit suggests that some hearths were disturbed and mixed into the sediment by people. 

This could indicate a higher frequency of shelter occupation during these phases (Whitau et al. 

2017).  

STONE ARTEFACTS 

A total of 7044 stone artefacts were recovered from Juukan 2 deposit. Analysis of this 

assemblage is reported in the next chapter. 

USE-WEAR AND RESIDUE ANALYSIS 

Kate Connell (2017) completed use-wear and residue analysis of a sample of 24 stone artefacts 

from Juukan 2. All artefacts derive from Holocene units. Results are summarised in Figure 7.17 

below. Using both low and high-powered magnification microscopy, Connell determined that 

nine of the pieces showed clear signs of use, with a further three tools likely used. The most 

commonly represented function was plant processing, although an absence of faunal residues 

may be a result of preservation. Observable wear and/or resin from hafting indicates that ten 

artefacts had been hafted, with a further two most likely hafted. Of note is an intact hafted 

backed artefact (SQ J XU 3 A24, Figure 7.18) with plant tissue microscopically similar to 

spinifex grass tissue attached to the haft. The surface of the hafting resin is smoother on the 

exterior dorsal face compared to the ventral face which indicates that the ventral surface may 

have been attached to a larger piece. Starch grains (consistent with spinifex starch) and multiple 

deposits of cellulose are present along the used chord, which suggest that this tool was used for 

plant processing.  
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Figure 7.17. Summary of use-wear and residue results on 24 sampled artefacts from Juukan 2 by Kate Connell (figure from 

Connell 2017:3). 

 

Figure 7.18. Juukan 2 Holocene backed artefact with intact hafted resin (figure modified from Connell 2017:33). 
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CHAPTER CONCLUSION  

Results of the Juukan 2 excavation demonstrate the significance of this rockshelter to arid zone 

archaeology. The rich organic and stone artefact assemblages, deep-time chronology and local 

palaeoenvironmental record are relatively rare for the Pleistocene arid zone and have the 

potential to contribute much-needed information on past Aboriginal occupation, technology 

and palaeoenvironment. The focus of this project is the information about past human 

behaviour that can be gleaned from the Juukan 2 stone assemblage. However, integration with 

other cultural material recovered from the deposit is essential to producing robust 

interpretations of past human use of the shelter. The rockshelter is not only rich in 

archaeological material but is highly cultural significant to PKKP. Indeed, past human use of 

the rockshelter requires assessment in relation to the other components of the ‘Juukan complex’ 

and the surrounding landscape. The information provided in this chapter provides a solid 

foundation from which the lithic analysis can be undertaken.  
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CHAPTER 8 JUUKAN 2 STONE 

ARTEFACT ANALYSIS 
 

 

This chapter presents the Juukan 2 lithic analysis. In the first section the Juukan 2 stone 

assemblage is characterised through artefact discard rates and raw material and technological 

diversity. In the next section the test study of stone artefact transport patterns is presented. This 

is followed by the independent analyses of reduction intensity, flaking strategies and 

standardisation, with reference to the identified transport scenarios. Retouched and used 

artefacts were examined to infer tool use and discard. In the final section the results of all 

analyses are summarised and discussed.  

ANALYTICAL UNITS 

The five stratigraphic units identified at Juukan 2 are used as analytical units for the lithic 

analysis (Table 8.1). The earliest Pleistocene unit (SU4b) represents a relatively brief period of 

c.2800 years, from 43.6–40.8 cal ka BP. The pre-LGM phase (SU4a) begins at 30 cal ka BP, 

when global glacial conditions begin to intensify, and continues to the start of the LGM (23.8 

cal ka BP). SU3 mostly comprises the LGM (24–18 cal ka BP) with only the upper 10 cm of 

the deposit relating to the post-LGM period. I was not able to separate these phases because of 

different XU depths across squares. However, most material was discarded during the LGM, 

below the top 10 cm of this SU (Figure 8.1). The following occupation phase (SU2) covers the 

largest period (11,200 years) from the terminal Pleistocene to the Late Holocene 

(12.9– 1.7 cal ka BP). This terminal Pleistocene and Holocene sequence will become further 

refined with future radiocarbon dating planned (Michael Slack pers. comm. 2018). The top part 

of the sequence (SU1) represents the last two thousand years of occupation.  
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Table 8.1. Juukan 2 analytical units and age ranges from Bayesian analysis. The mean modelled 95.4% dates 
are used in the remainder of the chapter.  

SU Period Mean 
modelled 
95.4% (cal ka 
BP) 

95.4% 
probability lower 
range (cal ka BP) 

95.4% 
probability 
upper range 
(cal ka BP) 

Modelled 
age span 

Rate of 
sedimentation (cm) 
per 100 years* 

1 Late Holocene ≤ 1.7 3.5–0.4 modern 1700 0.81 

2 Terminal 
Pleistocene & 
Holocene 

12.9–1.7 16.4–10.2 3.5–0.4 11,200 0.28 

3 LGM & post LGM 23.8–16.4 24.2–23.3 19.4–13.6 7400 0.6 

4a Pre-LGM 30–23.8 33.7–28.1 24.2–23.3 6200 0.98 

4b Earliest Pleistocene 
phase 

43.6–40.8 46.7–42 42.8–35.9 2800 0.61 

*Using the average depth of each sediment unit 

 

 

 

Figure 8.1. Juukan 2 squares and XUs showing raw artefact count and classification into SUs.  
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ARTEFACT DISCARD RATES 

Table 8.2 shows artefact counts and discard rates through time. Artefact discard rates per 

thousand years and per cubic metre both show directional increases in discard rates through the 

Pleistocene and Holocene, although the rate of change varies. Discard patterns indicate 

repeated but intermittent site visits prior to the LGM (43.6–40.8 cal ka BP and 

30– 23.8 cal ka BP). Discard rates nearly double through the LGM and then remain relatively 

constant in the terminal Pleistocene and early to mid-Holocene. However, the lower resolution 

chronological sequence between 12.9–1.7 cal ka BP makes it difficult to assess the timing and 

nature of occupation during this phase. Discard rates increased markedly in the last few 

thousand years. NAS to MNA ratio values increase though time and are broadly in line with 

discard rates which indicates that fragmentation has not strongly influenced this pattern.  

Table 8.2. Juukan 2 stone artefact discard rates across units (n=7042).  Two artefacts derive from wall units and 
cannot be assigned a temporal phase. 

SU Age range  
(cal ka BP) 

Artefact count NAS: MNA ratio Artefacts per millennium Artefacts per cubic m  

1 ≤ 1.7 3385 1.6 1991 1516 

2 12.9–1.7 1791 1.5 160 508 

3 23.8–16.4 1143 1.3 154 240 

4a 30–23.8 536 1.3 86 96 

4b 43.6–40.8 187 1.4 67 163 

 

RAW MATERIAL SELECTION 

BIF and chert are the dominant materials used by knappers during Pleistocene site visits (Figure 

8.2). A significant increase in the proportion of BIF artefacts occurs in the LGM and post-LGM 

phase (23.8–16.4 cal ka BP) compared to the prior LGM phase (χ2 (1) = 32.037, p = <0.05) and 

terminal Pleistocene and Holocene (χ2 (1) = 225.663, p = <0.05). Quartz use is at its lowest in 

the LGM and post LGM phase (n=85, 7.4%). After 12.9 cal ka BP, BIF use decreases as chert 

and quartz become more commonly used. During the last thousand years of occupation (SU1), 

BIF only comprises 7.9% (n=269) of the total assemblage while there was a clear preference 

for chert (n=1725, 51%) and quartz (n=989, 29.2%).  
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Figure 8.2. Raw material proportions through time at Juukan 2. Artefact frequency is labelled in bars of most 
common materials.  

BIF, chert, quartz, ironstone and siltstone are available within 200 m of Juukan 2 as cobbles 

and gravels in the flood plain in the Purlykuti Creek corridor. Other recorded BIF, chert and 

siltstone quarries are at least 2.7 km from the shelter. Although BIF sources vary in quality 

(grain size and inclusions), BIF and chert artefacts discarded at the site are mostly made on 

medium to fine-grained stone which fractures conchoidally and predictably and produces sharp 

edges. The increase in BIF usage during the LGM and post-LGM phase is significant as BIF is 

perhaps the most abundant material in the gorge and adjacent plain. Because chert, BIF and 

quartz are the dominant materials and have the largest sample sizes throughout most of the 

sequence, the lithic analysis focuses on these materials.  

Little cortex was observed on artefacts in the Juukan 2 assemblage (Table 8.3). Cortex retained 

on complete flakes and cores is predominantly non-riverine and distinctly weathered and heat 

fractured, which indicates that some nodules were repeatedly sourced from outcrops that 

gradually retained less cortex over time. Artefacts exhibiting riverine (water-worn) cortex are 

more common on BIF artefacts compared to chert but still uncommon throughout. All cores 

retained an average of 30.3% of their outer surface. Only five BIF cores (SU3: n=3, SU4a: 

n=2) and one chert core (SU3) retained any riverine cortex. Artefacts made on other materials 

do not contain riverine cortex except for two coarse-grained ironstone flakes (SU3: n=1, SU4a: 

n=1). Some flakes and cores may derive from river cobbles but have simply not retained their 
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cortex. However, the dominant pattern is use of non-riverine sources, with the exception of 

quartz. The 17 quartz flakes and four quartz cores with cortex mostly have weathered surfaces 

(n=13). 

Table 8.3. Cortex type by percentage of complete flake (≥10 mm) and core assemblage at Juukan 2. 

SU Age range (cal ka BP) Riverine cortex% Non-riverine 
cortex % 

Weathered/heat 
fractured % 

No cortex % 

 
 

BIF Chert BIF Chert BIF Chert BIF Chert 

1 ≤ 1.7 0.8 0.1 10.4 9.4 5.6 1.7 83.2 88.8 

2 12.9–1.7 0.8 0 7.1 10.6 5.9 0.6 86.2 88.8 

3 23.8–16.4 1.3 0.6 11.3 16.1 6.8 3.9 80.6 79.4 

4a 30–23.8 4.2 0 10.2 11.4 4.2 2.3 81.4 86.3 

4b 43.6–40.8 2.1 0 10.4 10.4 2.1 0 85.4 89.6 

Total of cortical assemblage 9.2 0.7 49.4 57.9 24.6 8.5   

 

ASSEMBLAGE COMPOSITION 

On-site tool-stone reduction (including bi-polar reduction of quartz nodules), and tool discard 

occurred throughout the occupation of Juukan 2 (Table 8.4). Significantly, a broken BIF cobble 

with a ground surface was recovered from SQ K XU 31, just below the 40.8 cal ka BP boundary 

of SU4b (Figure 8.3). This demonstrates very early use of ground technology in the arid zone 

(Hayes 2015). Four lower grindstone fragments were found in Holocene units of squares K, S 

and B along with a broken hammerstone made on a river-worn BIF cobble (40.6 mm x 27.4 mm 

x 21.7 mm) found in SQ J XU 1. An upper grindstone made on a large (1.4 kg) igneous cobble 

was found on the floor surface of the shelter.  

The largest number of different artefact types were discarded in the terminal Pleistocene and 

Holocene (Table 8.4) when adzes and backed artefacts (geometric microliths and backed 

points) are discarded for the first time. All tula adzes and most backed artefacts (n=61, 67.8%) 

are made on chert. The use of these technologies in the Holocene, and clear preference for chert 

tools (Figure 8.4), could explain the increased preference for chert use through time. Tools in 

Pleistocene units are predominantly made on BIF until 12.9 cal ka BP when chert becomes the 

preferred material for toolmaking (Figure 8.4). Square K XU 8 yielded the earliest backed 

artefact, between 33.4 and 38.4 cm bs (SU2). Made from BIF and recovered from excavated 

material, this tool is bracketed by dates of 17,263 cal BP (SQ C XU 9, 42 cm bs) and 
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7,615 cal BP (SQ C XU 6A, 24 cm bs). An age-range cannot be extrapolated from the age-

depth graph because the nature of sediment accumulation in the 18 cm between these dates is 

unknown (Figure 7.12). However, given that the other 88 backed artefacts are Holocene-aged, 

it is logical to assume that the lowest backed artefact was also discarded during the Holocene. 

 

Figure 8.3. Broken upper grindstone from SQ K XU 31 at Juukan 2. 

 

  

Figure 8.4. Proportions of BIF (blue) and chert (orange) and other (grey) retouched and used artefacts across 
occupation phases at Juukan 2. Frequencies are listed in bars.
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Table 8.4. Juukan 2 stone artefact type from all squares (n=7042).  

SU Age range (cal 
ka BP) 

Complete 
flake 

Debitage Core & 
core 
fragment 

Bipolar 
core/flake 

Retouched 
artefact 

Used 
artefact 

Grindstone 
fragment 

Burren 
adze 

Backed 
artefact 

Tula adze Hammer-
stone 

TOTAL 

1 ≤ 1.7 1317 1842 29 6 64 63 2 1 55 5 1 3385 

2 12.9–1.7 829 866 17 7 20 15 3 1 34 
  

1791 

3 23.8–16.4 649 386 54 1 43 10 
     

1143 

4a 30–23.8 305 192 15 3 19 2 
     

536 

4b 43.6–40.8 109 68 3 1 5 
 

1 
    

187 

TOTAL 3209 3354 118 18 151 89 6 2 89 5 1 7042 
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TOOL DISCARD 

Retouched artefacts comprise a similar assemblage proportion in each occupation phase (Table 

8.5, χ2 (4) = 1.957, p = 0.744), including during the earliest site visits when five retouched 

artefacts were discarded at the shelter. These comprise one broken BIF scraper, one complete 

BIF scraper, a retouched chalcedony flake and a broken retouched quartz flake. The complete 

BIF scraper has only a small amount of retouch (14% of chord, Index of Invasiveness 0.09). 

Retouched artefacts discarded during the Pleistocene mostly comprise scrapers. Formal tool 

types – backed artefacts and adzes – are only found after 12.9 cal ka BP at Juukan 2. Both 

geometric microliths (Table 8.5) and backed points were recorded. All five tula adzes were 

discarded at the end of their use-life as exhausted slugs in the late Holocene.  

Table 8.5. Juukan 2 frequency of retouched tools and used flakes through time by number and percentage of 
total assemblage.  

SU Age range (cal 
ka BP) 

Retouched 
artefact  
No. (%) 

Burren 
adze 
No. (%) 

Backed 
artefact 
No. (%) 

Tula 
adze 
No. (%) 

Retouched 
total 
No. (%) 

Used flake 
No. (%) 

% 
Total 
tools  

1 ≤ 1.7 64 (1.9) 1 (0.03) 55 (1.6) 5 (0.1) 125 (3.7) 63 (1.9) 5.6 

2 12.9–1.7 20 (1.1) 1 (0.1) 34 (1.9) 
 

55 (3.1) 14 (0.8) 3.9 

3 23.8–16.4 43 (3.8) 
   

43 (3.8) 10 (0.9) 4.7 

4a 30–23.8 19 (3.5) 
   

19 (3.5) 2 (0.4) 3.9 

4b 43.6–40.8 5 (2.7) 
   

5 (2.7) 
 

2.7 

 

Because a Chi-square test confirmed that there were no statistically significant differences in 

retouched tool discard frequency, variation in the flake to tool ratio (Figure 8.5) is not marked 

enough to reflect actual differences in occupation duration by itself.   
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Figure 8.5. Retouched discard ratios plotted against artefact discard per thousand years at Juukan 2. Ratios are calculated 

for entire assemblage.  

ARTEFACT BREAKAGE  

Flake breakage rates vary through time at Juukan 2. Transverse flakes, which indicate post-

depositional damage, are uncommon during the Pleistocene but increase in frequency after 

12.9 ka as complete flakes frequencies decrease (Table 8.6 and Table 8.7). This suggests higher 

energy contexts where artefacts were trampled on, which is consistent with higher intensity 

Holocene occupation coupled with slow sediment accumulation (Table 8.1). Differences in 

fragmentation occur between BIF and chert assemblage components, particularly during 

23.8 – 16.4 cal ka BP where chert flakes are significantly more broken compared to BIF flakes 

(χ2 (1) = 26.876, p = <0.01). This could reflect more intensive chert reduction, differences in 

the quality of nodules or the transport of complete chert flakes away from the site. 

Quartz fragmentation rates are high throughout the sequence: MNA ranges between 42-51% 

of the total artefact count in all assemblages. However, fragmentation rates do not change 

significantly through time (χ2 (4) = 0.568, p = 0.967), indicating that the increase in quartz use 
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during the terminal Pleistocene and Holocene does not relate to increased fragmentation but 

signals an increased preference for this material. 

Table 8.6. Juukan 2 BIF flake breakage frequencies over time by percentage. 

SU Age range  
(cal ka BP) 

CF LBF TBF Other broken flake 

1 ≤ 1.7 51.1 11.3 17.7 19.9 

2 12.9–1.7 63.9 9.6 11.5 15.0 

3 23.8–16.4 74.5 10.6 6.6 8.3 

4a 30–23.8 67.9 13.8 7.5 10.7 

4b 43.6–40.8 80.7 3.5 7.0 8.8 

 

Table 8.7. Juukan 2 chert flake breakage frequencies over time by percentage. 

SU Age range  
(cal ka BP) 

CF LBF TBF Other broken flake 

1 ≤ 1.7 54.6 6.4 18.3 20.6 

2 12.9–1.7 51.0 6.7 19.5 22.8 

3 23.8–16.4 56.8 11.6 8.3 23.4 

4a 30–23.8 70.1 9.8 8.2 12.0 

4b 43.6–40.8 66.7 8.3 6.3 18.8 

 

ARTEFACT TRANSPORT 

Transport indices were calculated for BIF, chalcedony, chert, ironstone, quartz and siltstone 

assemblages across all occupation phases. The assumption required for the cortex and volume 

ratios is that the cortex ratio represents transport because assemblages produced from partially 

cortical nodules produce low ratios that do not reflect on-site knapping or artefact transport. 

Ditchfield (2016a:50) developed an additional formula to rectify this issue. An assessment 

needs to be made on whether the Juukan 2 assemblages are most likely to have been 

predominantly made on fully cortical or partially cortical nodules prior to calculating the ratios. 

This requires an understanding of distance to tool-stone source. If nodules had to be carried 

over a greater distance to the site, then they were more likely to have been already decortified 

at another place (Beck 2008; Douglass et al. 2008; Metcalfe and Barlow 1992). Conversely, 

nodules bought into the shelter from close by were probably not reduced elsewhere. As 

discussed in Chapter 7, although it is tempting to assume that material procurement was local, 

this is currently impossible to verify because all lithic materials occur throughout the uplands 



 

175 

 

and surrounds. I cannot be sure of the source of the nodules bought into the shelter and therefore 

of which scenario best reflects the assemblages. 

To explore this issue, transport measures for both scenarios were calculated and the results 

were examined together with other transport and reduction indices to try and distinguish which 

scenario best reflects the structural components of the assemblages. The ‘initial’ cortex ratio 

was calculated using expected assemblage volume. Initial cortex and volume ratios are 

calculated with the assumption that the assemblages are produced from fully cortical nodules 

(Scenario 1). The ‘modified’ cortex and volume ratios were calculated using the corrected 

original nodule volume formula (Ditchfield 2016a:50) with the assumption that the 

assemblages are produced from partially cortical nodules (Scenario 2). Ratios are not able to 

be calculated for some assemblages because no cores remain in the assemblage. Ratio values 

are shown in Table 8.8 and Figure 8.6. Full calculations are available in Appendix 2.  

Table 8.8 Transport results for assemblages at Juukan 2 using ≥ 20 mm assemblage components. Orange 
shaded ratios are Scenario 1 (initial ratios), blue shaded ratios are Scenario 2 (modified ratios). Note, the flake 
to core ratio include flake cores, which are not included in the ‘number of complete cores’ column for the 
purposes of calculating the cortex and volume ratios (see methods for explanation). 

SU  
(cal ka 
BP) 

Material Number of 
complete 
cores 

Total 
lithics 
>20 mm 

Initial 
Cortex 
Ratio 

Initial 
volume 
Ratio 

Modified 
Cortex 
Ratio 

Modified 
Volume 
Ratio 

Flake to 
core 
ratio 

Non 
cortical 
to 
cortical 
flake 
ratio 

SU1:  
≤ 1.7  

BIF 5 170 0.24 0.40 0.31 0.28 26 5 

Chalcedony 2 50 0.30 0.46 0.37 0.34 57 11 

Chert 5 573 0.48 0.61 0.55 0.50 239 3 

Ironstone 1 26 0.72 0.78 0.78 0.71 27 2 

Quartz 0 93 
    

 6 

Siltstone 1 20 0.27 0.43 0.33 0.30 16.5 2 

SU2: 
12.9–
1.7  

BIF 4 237 0.52 0.64 0.59 0.54 58 5 

Chalcedony 0 20 
    

  

Chert 1 215 0.45 0.58 0.52 0.48 484 4 

Ironstone 3 44 1.03 0.69 1.15 0.79 15 3 

Quartz 2 65 0.09 0.23 0.13 0.12 44 10 

Siltstone 1 35 0.09 0.22 0.12 0.11 68 5 

SU3: 
23.8–
16.4  

BIF 26 367 0.31 0.47 0.38 0.35 12 5 

Chalcedony 1 39 0.10 0.24 0.14 0.12 43 2 

Chert 6 134 0.25 0.41 0.32 0.29 28 4 

Ironstone 0 27 
    

12 5 

Quartz 4 12 0.07 0.19 0.10 0.09 20 3 

Siltstone 0 44 
    

28 5 
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SU  
(cal ka 
BP) 

Material Number of 
complete 
cores 

Total 
lithics 
>20 mm 

Initial 
Cortex 
Ratio 

Initial 
volume 
Ratio 

Modified 
Cortex 
Ratio 

Modified 
Volume 
Ratio 

Flake to 
core 
ratio 

Non 
cortical 
to 
cortical 
flake 
ratio 

SU4a: 
30–
23.8  

BIF 7 142 0.45 0.58 0.53 0.48 16 5 

Chalcedony 0 1 
    

28  

Chert 2 88 0.13 0.28 0.18 0.16 52 4 

Ironstone 1 28 0.78 0.74 0.74 0.67 27 3 

Quartz 0 9 
    

  

Siltstone 0 4 
    

  

SU4b: 
43.6–
40.8  

BIF 1 44 0.12 0.26 0.16 0.15 26 9 

Chalcedony 0 4 
    

  

Chert 1 20 0.08 0.20 0.11 0.10 38 6 

Ironstone 0 6 
    

  

Quartz 0 7 
    

  

Siltstone 0 9 
    

 2 
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Figure 8.6. Transport ratio results for assemblages at Juukan 2 using ≥ 20 mm assemblage components. Orange shaded ratios are Scenario 1 (initial ratios), blue shaded ratios are Scenario 2 

(modified ratios). 
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Given the sample sizes at Juukan 2 are small, minor differences in ratio values between time 

phases and/or materials may reflect sampling rather than actual differences in transport. If 

values were close to 1 (e.g. 0.7 or 0.9, as found by Phillips 2012) then we do need to 

acknowledge that they might be the result of sampling errors (Lin et al. 2015). However, overall 

the results clearly demonstrate that cortical surface area and volume are underrepresented 

across all assemblages except for ironstone, and that there are clear changes in ratio values 

through time and between materials (Table 8.8 and Figure 8.6). This is an important result as 

it shows that transport has strongly impacted assemblage formation, and/or that partially 

cortical nodules were transported into the site. I first examine the evidence that best suggests 

which transport scenario occurred and then discuss some clear temporal changes that occur 

across both scenarios.  

The ironstone assemblage produced much higher cortex and volume ratios than other 

assemblages. In fact, the cortex ratio for the terminal Pleistocene/Holocene ironstone 

assemblage is above one, indicating that cortical surface area is overrepresented during this 

phase. This is because of the presence of a single very large (697 g) and mostly cortical (90%) 

ironstone core. This was obviously obtained from only a short distance away as it is too heavy 

to have been carried over much distance. At least 18 flakes were removed from the nodule. A 

second ironstone core discarded during this time is smaller (182.2 g) but also mostly cortical 

(70%) and has 11 flake scars. The third core is smaller still (115.4 g), has retained 35% of its 

cortical surface and has six negative flake scars. The cortex ratio is higher than the volume 

ratios for both scenarios during this phase which demonstrates that cores have been removed. 

Ditchfield (2016a:51) found that, when cores were removed from assemblages produced from 

fully cortical cores, the cortex ratio initially increased to above one because cortical surface 

area was transferred onto flakes. However, in the Juukan 2 Pleistocene/Holocene assemblage, 

the ironstone flake to core ratio for this phase is lower than other phases (15:1) and only 16% 

(n=7) of ironstone flakes have any cortex on them. The flake diminution test shows that cortical 

ironstone flakes have a smaller median surface area (n=7, 7.9 ± 7.9) than non-cortical flakes 

(n=24, 11.3 ± 10.7), suggesting that cortical flakes were removed from the site. This mixed 

result could be the result of low sample size coupled with mixed transport patterns as the 

>20 mm assemblage comprises three variably reduced cores and only 44 other artefacts. It is 

clear that the largest core was locally obtained and reduced in the rockshelter as a fully cortical 

nodule, but the other cores were probably bought in when they were partially cortical.  
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Cortex and volume ratios calculated for assemblages made on all other materials are markedly 

low for both scenarios (Table 8.8). In the first scenario, cortical surface area is more 

underrepresented than volume across all assemblages. This indicates that flakes were 

transported away from the site as the removal of flakes equates to the removal of surface area 

rather than significant volume removal (Ditchfield 2016a; Phillipps and Holdaway 2016). The 

low cortex ratios at Juukan 2 are very similar to those found at surface sites in western NSW 

(Douglass et al. 2008; Holdaway et al. 2008). These other researchers interpreted their low 

cortex ratios as reflecting the preferential selection of large flakes (which have the most cortex) 

for transport elsewhere in the landscape (also see Dibble et al. 2005). In this scenario, large 

cortical flakes were transported away from Juukan 2 rockshelter. The extent of this transport 

varied between occupation phases but is clearly the dominant transport pattern through time. 

Scenario 2 presents a contradicting transport pattern: the removal of cores rather than flakes. 

Here, the volume ratio is lower than the cortex ratio in all assemblages, which indicates that 

cores were transported away from the site as the removal of cores results in the loss of more 

volume than cortical surface area (which is left behind on removed cortical flakes, Ditchfield 

2016a:52). If the number of cores is reduced, then the predicted original nodule size and 

assemblage volume will be higher, leading to a lower volume ratio because core frequency is 

the denominator in calculating expected nodule volume (see Phillipps and Holdaway 2016 for 

an example). However, this scenario – the removal of cores from assemblages produced from 

partially cortical nodules – presents a problem because it has not yet been experimentally tested 

to assess how transport indices change and interact with each other. This is not entirely 

unexpected because archaeological assemblages are much more complicated than experimental 

simulations: many different combinations of scenarios may have occurred. However, this 

presents some interesting challenges as illustrated in the following examples. 

If cores were moved from the site, then the cortex ratio requires modification as it does not 

represent the number of cores that produced the assemblage. As the volume ratio is an accurate 

representation of lost volume, Ditchfield (2016a:51) divided the number of observed cores in 

the assemblage by the volume ratio to find an estimated original number of cores. He assumed 

that this estimate was relatively accurate and then divided the observed (remaining) volume by 

the estimated original number of cores to improve the estimation of original nodule size. He 

then used this value to recalculate the cortex ratio. This produced a final cortex ratio that was 

not significantly different from the actual cortex ratio of the experimental assemblage. 
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However, in the case of Juukan 2, it is not known how cortical (reduced) the nodules were 

when they were carried into the site, other than that they were not fully cortical. This means 

that this method cannot be used to produce a more accurate cortex ratio. Experimental 

simulation is required to assess how cortex and volume ratios change as partially cortical cores 

are removed and to develop ways to model the observed changes.  

Perhaps the biggest problem exposed by this test study is the circularity of the calculations used 

to produce ratio values for this scenario but that are derived (and, I emphasise, that have been 

successfully tested) on scenarios involving flake removal from assemblages made on fully 

cortical or partially cortical nodules and the removal of cores from assemblages produced by 

cortical nodules. This issue is clearly demonstrated by the following step. The difference 

between the cortex and volume ratio values in Scenario 2 is 10% (Table 8.8), which is the 

surface area added to the expected assemblage volume to compensate for a probable 

overestimation of artefact surface area calculations (Lin et al. 2010 and see Chapter 6 for 

explanation). When it is removed (as it is not required for core transport), then the recalculated 

cortex and volume ratios are the same. The cortex and volume ratio values provide an indication 

of representativeness, but they do not reflect the actual relationship between cortex and volume. 

What is required are independent measures for estimating original nodule size. Examples of 

these include collecting and measuring similar cobbles near the rockshelter (Dibble et al 2005; 

Douglass 2010; Phillips 2012) or using multiple regression equations to predict mass lost from 

cores (Douglass 2010, following Braun 2006) or by using the longest flake length at a site (Lin 

et al. 2015). Unfortunately, this work cannot be achieved here without undertaking 

experimental replications using local materials to test these relationships. As this result was 

produced relatively late in the project, experimental work was not attempted but is earmarked 

as a critical component of future Pilbara transport research (see Chapter 11).  

The results show that cortex and volume are very underrepresented at the site and that clear 

changes occurred through time, but does this reflect off-site reduction and/or transport? It is 

also possible that partially cortical cores were bought to the site and that nothing, or very little, 

was transported away. Other indices can help to shed light on this dilemma. Chert flake to core 

ratios are very high across all assemblages (Table 8.8 and Figure 8.6), particularly during the 

terminal Pleistocene and Holocene. Chalcedony, BIF, quartz and siltstone flake to core ratios 

are comparatively lower than chert but still indicate a high number of flakes produced per core 

in most cases, particularly if these represent assemblages where flakes have been removed 
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rather than cores. Several assemblages have flakes but no remaining cores (Table 8.8). The 

flake to core ratio is affected by reduction as well as transport: intensive core reduction 

produces high numbers of flakes per core. However, the numbers of chert flakes per core in the 

terminal Pleistocene and Holocene units are too high to have come from a single core. The 

sharp increase in the number of chert flakes per core during the terminal Pleistocene and 

Holocene could relate to increased frequencies of very small chert retouch flakes from backed 

artefact manufacture rather than from core reduction. To test this, I compared the length of 

flakes with the thickness of backed artefacts. The thickest backed chert artefact has a thickness 

of 6.8 mm (mean thickness on all backed chert artefacts 3.4 ± 1.1 mm). Only 69 chert flakes 

(8.1% of all chert flakes) in the late Holocene and 36 flakes in the terminal Pleistocene and 

early to mid-Holocene (10.3%) have a maximum dimension smaller than this and may 

therefore have been removed during backed artefact manufacture or maintenance. This 

suggests that debris from backed artefact manufacture does not markedly affect the flake to 

core ratio. The longest retouch scar on other retouched tools is 20.8 mm and most (85.5%) are 

under 10 mm (median: 6.4 ± 4.3 mm). I excluded all flakes with a maximum dimension less 

than 10 mm from the flake to core ratio (Table 8.9). Ratios are still high even with the removal 

of small flakes. These chert assemblages lack sufficient cores to account for the volume of 

flakes present in the assemblages. Therefore, cores must have been removed from the site after 

on-site reduction. Additionally, the high flake to core ratios found across all materials show 

similar values to flake to core ratios calculated in Ditchfield’s (2016a:51) transport simulation 

involving the removal of cores from an assemblage. In his other two scenarios, simulating flake 

transport, flake to core ratios are markedly lower (<16:1, Ditchfield 2016a:49, 50). 

Table 8.9. Juukan 2 BIF and Chert flake to core ratios with >10 mm flakes.  

SU Age range  
(cal ka BP) 

BIF flake to 
core ratio 

BIF flake to core ratio 
(>10 mm flakes) 

Chert flake to 
core ratio 

Chert flake to core 
ratio (>10 mm flakes) 

1 ≤ 1.7 26 24 239 169 

2 12.9–1.7 58 53 484 361 

3 23.8–16.4 12 11 28 24 

4a 30–23.8 16 15 52 47 

4b 43.6–40.8 26 26 38 35 

 

Non-cortical to cortical flake ratios are very high across all assemblages (Table 8.8), especially 

compared with Ditchfield’s (2016a) experimental assemblage results for all three scenarios. If 
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flakes were transported out of the site, then the non-cortical to cortical flake ratio could be low 

(reflecting removal of non-cortical flakes) or high (reflecting the loss of cortical flakes). In a 

scenario where cores are transported, the ratio could also be high or low depending on how 

intensively the core was reduced on-site. Ditchfield (2016a:51) determined that, when cores 

were removed from assemblages produced from fully cortical cores, the cortex ratio initially 

increased to above one because cortical surface area was transferred onto flakes. The non-

cortical to cortical flake ratio maintained a constant low value of 0.16 as cores were removed. 

However, it can be speculated that in a situation where partially cortical nodules are reduced, 

most flakes struck off the core have little or no cortex. Therefore, high non-cortical to cortical 

flake ratios may be produced from assemblages where partially cortical cores are carried into 

the site and then transported out of the site. It might also be expected that disruptions to the 

flake diminution test occur because the entire reduction process was not undertaken at the site. 

If flaking occurred in situ and no flakes were removed, cortical flakes (51–100% cortical 

surface) should typically be larger than non-cortical flakes (see core transport simulation results 

in Ditchfield 2016a:51) and a progressive diminution in flake size through the ordinal cortex 

categories should occur. This is not the case in the chert assemblages or the LGM/post LGM 

BIF assemblage (Table 8.10 and Table 8.11) and is just as likely to relate to later on-site 

reduction than the removal of flakes from the rockshelter during these phases. 

Table 8.10. Juukan 2 BIF flake diminution test.  

SU Age range  
(cal ka BP) 

0%  
(n) 

Surface area 
(mm2)  

1-50%  
(n) 

Surface area 
(mm2) 

51-100% 
(n) 

Surface area 
(mm2) 

1 ≤ 1.7 67 628 ± 554 10 769 ± 692 3 1332 ± 493 

2 12.9–1.7 127 531 ± 496 18 681 ± 731 6 893 ± 420 

3 23.8–16.4 184 588 ± 541 25 1046 ± 1013 16 920 ± 1435 

4a 30–23.8 69 589 ± 506 9 940 ± 1066 5 1160 ± 584 

4b 43.6–40.8 28 987 ± 637 2 851 ± 652 1 1934 

 

 

Table 8.11. Juukan 2 chert flake diminution test.  

SU Age range  
(cal ka BP) 

0%  
(n) 

Surface area 
(mm2) 

1-50%  
(n) 

Surface area 
(mm2) 

51-100% 
(n) 

Surface area 
(mm2) 

1 ≤ 1.7 196 408 ± 251 54 549 ± 430 9 380 ± 441 

2 12.9–1.7 82 412 ± 361 17 526 ± 310 3 479 ± 154 

3 23.8–16.4 55 433 ± 236 9 411 ± 167 6 565 ± 270 

4a 30–23.8 40 415 ± 247 10 417 ± 217 1 305 

4b 43.6–40.8 11 469 ± 314 1 230 1 502 
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Cortex is key to understanding the scenario most likely to have produced the patterning 

observed across most of the Juukan 2 sequence. Douglass et al. (2008) found that assemblage 

components made on non-local materials displayed a greater discrepancy between observed 

and cortical surface area. If most flakes exhibited cortex then it would be difficult to reconcile 

this with the transport of decortified cores into the site (Ditchfield 2016a; Phillipps and 

Holdaway 2016:535). Overall, very low frequencies of cortical debris on all materials (see 

above) indicates that in situ decortification is very unlikely to have taken place. I argue that the 

Juukan 2 assemblages do not reflect transport or reduction scenarios involving fully cortical 

cores: the assemblages were predominantly made on partially cortical nodules. High flake to 

core ratios and the prominent absence of cores in many assemblages, together with the marked 

underrepresentation of volume, even when an additional formula is applied to account for off-

site core reduction, point to the removal of cores from the shelter. While it is possible that the 

cores discarded on-site produced high numbers of flakes, if flakes as well as cores were 

removed from the assemblages, then flake to core ratios would be even higher. This is not to 

say that flake transport did not occur: it may simply be obscured by the dominant pattern of 

core transport. However, assemblages clearly require individual assessment as indices vary 

through time (Table 8.8 and Figure 8.6). Broad temporal trends in the transport indices are 

discussed below, before independent measures of flake and core reduction intensity and tool 

use are examined to fully reconstruct these behaviours at Juukan 2 rockshelter. Analyses are 

then discussed together in the final section of the chapter. 

TEMPORAL TRENDS IN TRANSPORT INDICES 

Little stone artefact volume and cortical surface area were left behind at the site during the 

earliest phases of occupation at Juukan 2, but small sample sizes in the earliest two units 

necessitates some caution. There is, however, a clear linear increase in chert cortex and volume 

ratio values through time (Table 8.8 and Figure 8.6). That cortex and volume become more 

common at the shelter through time suggests that proportionally less chert was transported 

away from the site through time and/or that more on-site reduction occurred at the site in the 

terminal Pleistocene and Holocene. Increased on-site reduction is probable in the late Holocene 

(SU1) because artefact discard rates increase, and chert becomes the dominant material flaked 

at the site. BIF assemblages do not show the same linear trend.  



 

184 

 

With the exception of chalcedony, all other flake and core ratios are lowest between 

23.8– 6.4 cal ka BP. This is because a higher proportion of cores and core fragments (n=54, 

4.7%) were discarded at the site during the LGM and post-LGM phase than during any other 

time (Table 8.4). In fact, nearly half (45.8%) of the cores discarded at Juukan 2 derive from the 

c.7400 years of mostly glacial aridity. One quarter (n=14, 25.5%) of these are flake cores. 

Implications of repurposing flakes as cores throughout the Juukan 2 sequence is discussed 

below. The increased discard of flake cores and other cores at Juukan 2 during the LGM is 

significant. Core reduction analysis below examines the reduction state of discarded cores to 

infer use-life and why they may have been discarded. 

It is curious that during the terminal Pleistocene and Holocene, BIF and chert flake to core 

ratios are at their highest when cortex ratios and volume ratios are also very high in comparison 

to most other phases. This relationship is inverse within the ironstone assemblage from the 

same phase (Table 8.8 and Figure 8.6). High cortex and volume ratios indicate that 

comparatively less surface area and volume were removed from the site, but extremely high 

flake to core ratios indicate that many cores were removed from the site. The conflicting results 

could reflect more intensive core reduction at the shelter, where nodule volume and surface 

area were transferred onto flakes. The high frequency of flakes per core, particularly on chert, 

suggests that this was the case despite the removal of cores, as cortex and volume ratios are 

relatively high. Cores and core fragments (n=30) comprise under one percent of the late 

Holocene assemblage. The link between high cortex and volume ratios and high reduction 

intensity after 12.9 ka, and the reverse pattern apparent during the Pleistocene, is examined 

below through independent flake and core attribute analysis.  

TRANSPORT SUMMARY  

Further experimental work is clearly required to investigate transport indicators on assemblages 

made from partially cortical nodules. However, some clear patterns have emerged from the 

pilot study undertaken here. In sum, assessment of the application of transport indices suggests 

that (1) most nodules were carried into the site having already been reduced elsewhere, and (2) 

core transport is the most likely predominant transport scenario to have occurred across most 

phases. These are important results, the implications of which are discussed below in the 

chapter summary and in Chapter 11.  
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REDUCTION INTENSITY 

Several assemblage-wide measures of reduction intensity are discussed in relation to transport 

scenarios in the transport section above. In this section I examine information about reduction 

extent from independent indictors on flakes and cores.  

UNMODIFIED COMPLETE FLAKES 

Reduction attributes on unmodified complete flakes measuring over 10 mm in maximum 

diameter (n=2452) from Juukan 2 were analysed. The longest retouch scar on an artefact is 

20.8 mm and most (85.5%) are under 10 mm (median: 6.4 ± 4.3 mm). By only analysing flakes 

over 10 mm the dominant patterns on flakes removed from cores rather than flakes produced 

from tool retouch can be identified (Clarkson 2007:88). Figure 8.7 and Figure 8.8 show the 

metric and technological attributes recorded on BIF and chert flakes. BIF flakes become 

significantly smaller (SU4a:SU3 U= 15326, Z= 2.349, p=<0.05) and lighter (SU4a:SU3 U= 

115279, Z= 2.255, p= <0.05) after 23.8 ka. This change occurs as smaller cores are more 

commonly discarded at the site and may therefore relate to core size (see below). It is possible 

that larger BIF flakes were removed from the site after 23.8 cal ka BP. BIF flakes remain small 

during the terminal Pleistocene and Holocene. If the decrease in BIF flake size is related to 

increased reduction intensity after 23.8 cal ka BP (that is, smaller flakes were removed later on 

in the reduction sequence), then dorsal scar density and the proportion of flakes with flaked or 

facetted platforms should increase as flake size decreases. Dorsal scar density (Figure 8.7) does 

increase significantly during the LGM and post-LGM phase (SU4a:SU3 U= U= 15494.9, Z= 

2.2, p= <0.05) but then decreases into the late Holocene.  

The frequency of flakes with overhang removal also increases between 23.8–16.4 cal ka BP. 

This shows more care was taken to prepare core platforms by brushing the edges of striking 

platforms with a hammerstone (Flenniken and White 1985; Hiscock 1988). However, the 

proportion of BIF flakes with identifiable rotated dorsal scars, signalling flakes removed from 

rotated cores, is significantly lower during the LGM and post LGM phase (8% of flakes with 

identifiable scar orientation) compared to during previous Pleistocene phases (SU4a: 28.6% χ2 

(1) = 15.887, p = <0.05, SU4b: 17.4%). This result could relate to the smaller surface area 

available on smaller flakes during the LGM. Additionally, however, the proportion of BIF 

flakes with flaked or facetted platforms decreases significantly between 23.8–16.4 cal ka BP 
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(SU4a:SU3 χ2 (1) = 7.721, p = <0.05) and does not rise again until the late Holocene 

(SU4a:SU3 χ2 (1) = 4.114, p = <0.05). 

Flaked and facetted platform BIF flakes have significantly lower dorsal scar densities (0.43 ± 

0.36) than flat platform flakes (0.74 ± 0.94, U= 62361, Z= 9.667, p= <0.05). In fact, the 

proportion of flaked and facetted platform BIF flakes is highest when dorsal scar density is 

lowest during the earliest site visits (43.6 - 40.8 ka, Table 8.15). This pattern is also apparent 

on chert flakes (flaked/facetted platform chert flake scar density: 0.99 ± 1.09, flat platform 

chert flake scar density: 1.42 ± 1.51, U= 22466.5, Z= 3.99, p= <0.05). This is initially confusing 

as it is reasonable to expect that flakes with flaked or facetted platforms were removed later in 

the reduction sequence than flakes with flat or cortical platforms and should therefore have 

higher dorsal scar densities. However, as Shott (1996b) noted, facetted platform flakes can 

occur early in the reduction sequence and flat platform flakes can be found in later reduction 

stages. Additionally, dorsal scar density may not increase after a point as flakes removed in 

later reduction stages will have a smaller dorsal surface area which limits the number of dorsal 

scars (Shott 1996b:16). The contrasting patterns in platform characteristics and dorsal scar 

densities demonstrate the need to assess multiple attributes to form interpretations on reduction 

extent at Juukan 2.  
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Figure 8.7 Changes in BIF flake (≥10 mm) reduction measures through time (n=857) at Juukan 2. Each column 
contains median and interquartile range unless otherwise stated.  

 



 

188 

 

In sum, the significant decrease in BIF flake size after 23.8 cal ka BP is probably connected 

with core size and or increased core reduction intensity. Smaller flakes with increased dorsal 

scar densities discarded during the LGM and post-LGM phase may have been removed at later 

stages of reduction – closer to core discard – than flakes discarded prior to this time. This is 

tested below in regard to core reduction. However, the higher proportions of flaked and facetted 

platform flakes with flake scars parallel to platforms that were discarded before 23.8 cal ka BP 

does show that some flakes were removed from rotated and worked cores during earlier site 

visits.  

Chert flakes are smaller than BIF flakes throughout the sequence (Figure 8.8) and do not 

display the same change in size during the LGM except for a marked increase in flake platform 

size (SU4a:SU3 U= 5635, Z= 2.77, p= <0.05). This could indicate a change in flaking strategy 

(see ‘flake standardisation’ section below). Overall, there is a significant positive correlation 

between surface area and platform size across flakes made on all materials (Pearson’s 

coefficient r= 0.590, n= 2141, p= <0.05). A decrease in chert flake mass (SU3:SU2 U= 16108, 

Z= 2.85, p= <0.05) and platform size (SU3:SU2 U= 10128, Z= 5.018, p= <0.05) occurs after 

12.9 cal ka BP.  

The most noticeable change in chert flakes is the changing frequencies of flaked and facetted 

platforms through time (Figure 8.8). In contrast to BIF flakes, the proportion of chert flakes 

with flaked or facetted platforms increases significantly through time (all SUs χ2 (4) = 

35.987, p = <0.05, Figure 8.8). The most marked increase occurs after 12.9 cal ka BP 

(SU3:SU2 χ2 (1) = 7.981, p = <0.05) when flakes become smaller and the flake to core ratio 

increases sharply. Flaked and facetted platform proportions increase together with cortex and 

volume ratios. Higher cortex and volume ratio values indicate that less chert was removed from 

the site through time. The increase in flaked and facetted platform flakes indicates that an 

increasing number of flakes were removed from rotated cores on-site through time. This 

suggests later-stage on-site core reduction. There are only a few chert flakes with identifiable 

dorsal scar orientations indicating removal from rotated cores (n=85, 17.2% of flakes with 

identifiable scar orientation), and there is no marked change in dorsal scar density through time. 

However, dorsal scar density values on chert flakes are higher than on BIF flakes across all 

phases and indicate relatively more intensive reduction of this material. Together, the results 

suggest that chert was reduced more intensively than BIF through time. Increased on-site chert 
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flaking occurred after 12.9 cal ka BP. This resulted in higher amounts of volume and cortical 

surface area left at the site on flakes even as cores were removed.  

Sample sizes for flakes made on materials other than BIF and chert are much smaller and 

changes cannot be statistically tested (Appendix 3). However, some trends are observable. 

Ironstone flakes discarded at the shelter become progressively larger and less intensively 

reduced after 30 cal ka BP. Conversely, quartz and chalcedony flakes become progressively 

smaller and more intensively reduced through the LGM, terminal Pleistocene and Holocene.  
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Figure 8.8 Changes in chert flake (≥10 mm) reduction measures through time (n=1146) at Juukan 2. Each 
column contains median and interquartile range unless otherwise stated.  
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CORE REDUCTION 

Analysis of transport patterns indicates the removal of cores from the rockshelter for 

anticipated use elsewhere. Independent analysis of the cores discarded on-site can inform on 

what type of cores were transported around the landscape, whether cores were intensively 

reduced before they were discarded and why they may have been discarded. Nodules made on 

different materials vary in size and reduction extent (measured using SDI, Figure 8.9). 

However, with the exception of a large (21.5 cm maximum dimension) and heavy (697g) 

ironstone core, all other cores were discarded when they were relatively small (<11 cm 

maximum dimension) and light. All cores weigh < 500 g, and most (n=84, 87.5%) are under 

100 g. If these cores were transported, variation in reduction intensity could provide some 

indication of relative distance and variation in mobility. These concepts are examined further 

below.   

Coarse-grained ironstone and BIF cores are generally heavier and larger than finer-grained BIF 

and chert cores and have few flake removals (Figure 8.9, Figure 8.10). Overall, BIF and chert 

cores display similar proportions of core rotation (Table 8.12), but chert cores collectively have 

a higher average flake scar density (SDI) than cores made on any other material (Figure 8.9). 

Quartz was also intensively worked. All six quartz cores are small (all except one are under 

36 mm in maximum dimension) and were rotated at least once (Figure 8.10). The presence of 

an additional four bi-polar core fragments (1 in SU4b, 1 in SU4a, 1 in SU2, 1 in SU1) 

demonstrates the use of hammer-and-anvil technique to reduce small nodules of this material 

intermittently through the Pleistocene and Holocene. The intensive use of quartz is surprising 

as quartz is often seen as a less desirable material to use when a range of other suitable materials 

are available (see references in de Lombera-Hermida and Rodríguez-Rellán 2016:2-3). Quartz 

use at Juukan 2 then, suggests a clear preference for this material. A retouched quartz flake was 

discarded at the site between 43.6–40.8 cal ka BP, and quartz retouched and used flakes were 

also discarded during the terminal Pleistocene and Holocene (SU2, SU1). These include four 

backed artefacts.  
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Figure 8.9. Juukan 2 scar density index (SDI) on complete cores by material.  

 

 

Table 8.12.  Juukan 2 frequencies of core rotations across materials by percentage.   

Material 0 1 2 Total (n) 

BIF 55 31.7 13.3 66 

Chalcedony 66.7 33.3 0 5 

Chert 55.6 27.8 16.7 32 

Ironstone 57.1 42.9 0 7 

Quartz 0 100 0 6 

Siltstone 50 0 50 4 

Total (n) 69 35 16 120 
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Figure 8.10. (left) Large coarse-grained single platform BIF core with few flake removals J24A001, (centre) 
rotated fine-grained BIF core with 3 platforms D14aA006, and (right) small multi-platform quartz core H9A004 
at Juukan 2. Scale = 10 mm.  

The frequency of core discard through time varies considerably (Table 8.13), including 

between the three Pleistocene phases (χ2 (2) = 6.481, p = 0.039). The most striking change 

occurs during the LGM and post-LGM period when the proportion of cores increases sharply 

(4.7%) and then decreases to under one percent during the terminal Pleistocene and Holocene. 

The increased number of cores discarded at the site between 23.8–16.9 cal ka BP hints at an 

increased frequency and/or increased duration of site visits. At face value, the very low rates 

of core discard after 12.9 cal ka BP indicate decreased occupation intensity. However, the 

presence of long use-life formal tools (backed artefacts and tula adzes) and very high artefact 

discard rates after 1.7 cal ka BP suggest continued site use within a system of intensive core 

transport. It is difficult to derive meaningful inferences about temporal changes in core 
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reduction because sample sizes are too small for statistical comparison. However, some 

changes in technological and metric attributes are observable (Table 8.14). 

Table 8.13. Juukan 2 frequency and percentage of core discard through time.  

SU Age range (cal ka BP) Core & core fragment 

# % 

1 ≤ 1.7 29 0.9 

2 12.9–1.7 17 0.9 

3 23.8–16.4 54 4.7 

4a 30–23.8 15 2.8 

4b 43.6–40.8 3 1.6 

Total of assemblage 118 1.7 

 

Chert cores were, on average, more intensively reduced than BIF cores during all stages of 

occupation (Figure 8.11). Frequencies of core rotation on BIF nodules decrease gradually from 

30 cal ka BP (SU4a) but SDI does not follow the same trend (Figure 8.12). No directional 

trends in rotation occur on chert cores through time. Many of the cores discarded at the 

rockshelter were not rotated before discard, but rotation does not always equate to core 

reduction intensity. For example, most flakes removed from flake cores were only removed 

from a single surface, usually the former ventral surface because the high edge angles make 

flake removal easier. Flake scar length on BIF and chert cores varies through time (Table 8.14) 

but most flakes removed just prior to core discard are small, certainly at the low end of the pool 

of flake sizes discarded in the rockshelter. This indicates on-site reduction of cores prior to 

discard.  

 



 

195 

 

 

Figure 8.11. Scar density index (SDI) on complete BIF (blue) and chert (grey) cores through time at Juukan 2.  

 

 

Figure 8.12. Frequency of core rotation by percentage through time for BIF (left) and chert (right) complete 
cores at Juukan 2. Core frequency is listed in bars.  
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Table 8.14. Juukan 2 metric and technological characteristics on complete BIF and chert cores. Each column contains median and interquartile range unless otherwise 
stated. Cores made on other materials were too few for temporal comparison. 

Attribute/SU SU1: ≤ 1.7 cal ka BP SU2: 12.9–1.7 cal ka BP SU3: 23.8–16.4 cal ka BP SU4a: 30–23.8 cal ka BP SU4b: 43.6–40.8 cal ka BP 
 

BIF (n=7) Chert (n=5) BIF (n=5) Chert (n=1) BIF (n=37) Chert (n=8) BIF (n=9) Chert (n=3) BIF (n=2) Chert (n=1) 

Flake cores # (% of core 
assemblage) 

2 (28.6) 0 1 (20) 0 11 (28.6) 2 (20) 1 (22.2) 1 (33.3) 1 (50) 0 

mass (g) 21.1 ± 23 19.7 ± 20.7 47.7 ± 
69.6 

8.9 34.4 ± 41.8 17.4 ± 10.1 57.6 ± 
54.4 

10.6 ± 5.3 51 3.8 

Maximum dimension 38.5 ± 13.6 35.1 ± 9.9 60.1 ± 
30.2 

34 48.5 ± 20.1 36.7 ± 5.4 49.1 ± 
12.3 

32.4 ± 3 61.2 26 

Frequency of rotated cores 
(%) 

2 (28.6) 2 (40) 2 (40) 0 16 (43.4) 3 (27.3) 6 (66.7) 2 (66.7) 1 (50) 1 (100) 

Cortex 30 ± 15 40 ± 10 50 ± 20 30 25 ± 40 15 ± 16.3 10 ± 37.5 10 ± 5 7.5 0 

Cores with flaked/facetted 
platforms # (%) 

1 (14.3) 4 (80) 2 (40) 1 (100) 14 (37.8) 2 (25) 5 (55.6) 3 (100) 1 (50) 1 (100) 

Platform angle 66 ± 11 59.5 ± 22.2 63 ± 5 58 67 ± 15.7 72.5 ± 16.3 77 ± 16 76 ± 21 62.5 70 

Cores with platform 
preparation # (%) 

6 (85.7) 4 (80) 2 (40) 0 31 (83.8) 6 (75) 8 (88.9) 3 (100) 2 (100) 1 (100) 

Flake scars 9 ± 5.5 9 ± 9.5 5 ± 0.5 1 8 ± 4 5 ± 6 6 ± 1 7 ± 8.5 18 10 

SDI 0.31 ± 0.18 0.38 ± 0.29 0.09 ± 
0.18 

0.05 0.19 ± 0.26 0.24 ± 0.25 0.09 ± 
0.16 

0.7 ± 1.1 0.61 1.1 

Flake scar length 11.7 ± 10.8 17 ± 9.8 11.8 ± 9.7 17.4 11.5 ± 6.9 12.5 ± 6.2 16.4 ± 
10.45 

8.9± 8.3 9.2 ± 1.5 8.5 ± 13.7 

Maximum flake scar length 26.4 30.1 37.8 17.4 32.2 26.1 57.2 20.7 21 23.5 

Flake scar elongation  1.4 ± 0.7 1.7± 0.7 1.1 ± 0.8 1.5 1 ± 0.7 1.1 ± 0.7 1.4 ± 0.9 1.4 ± 0.7 0.99 1.4 ± 0.8 

Proportion of step/hinge 
terminations  

75 ± 66.7 50 ± 12.5 50 ± 75 0 66.6 ± 50 41.7 ± 62.5 50 ± 33.3 77.8 ± 33.4 29.2 50 
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High SDI values show that the four cores discarded at Juukan 2 between 43.6–40.8 cal ka BP 

were all intensively reduced (Table 8.14, Figure 8.11). These include a small (19.6 g) broken 

quartz bi-polar core. One of the BIF cores was repurposed from a large chunky flake. Flake 

cores are found throughout the Juukan 2 sequence (n=22, Table 8.14) but are more frequent in 

core assemblages prior to 12.9 cal ka BP (SU4b: 25%, SU4a: 25%, SU3: 25.5%) than after this 

time (SU2: 5.3%, SU1: 6.5%). Flake cores are markedly smaller than other cores but contain 

higher SDI values (Figure 8.13). Their presence indicates that people sometimes chose to 

reduce small flake nodules to produce further flakes rather than use fresh nodules. This could 

indicate preferential repurposing of higher quality materials. Flake cores are mostly made on 

medium and fine-grained BIF (n=17, 77.3%) but were also made on chert (n=3, 13.6%), 

chalcedony (n=1, 4.5%) and ironstone (n=1, 4.5%). The deliberate repurposing/recycling of 

flakes as small nodules is initially curious given raw material availability in proximity to the 

shelter but makes sense in the context of core transport. Portability is one of the most important 

factors to consider in the design of a toolkit (Kuhn 2002:189). Flake cores are small, light and 

high-quality nodules that are a source of multiple small flakes. Small flakes (< 1 cm) were 

often deliberately manufactured and used by foragers (see references within Dibble et al. 2017).  

 

Figure 8.13. Mass (left) and scar density index (SDI, right) on complete BIF cores (blue) and BIF flake cores 
(grey) at Juukan 2. 
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Frequencies of cores left at the site increase between 30–23.8 cal ka BP. Three chert cores 

discarded during this time all have flaked or facetted platforms, high SDI values and higher 

proportions of aberrant terminations than the BIF cores (Table 8.14). The high proportion of 

aberrant terminations on chert cores may have contributed to their discard: step and hinge 

terminations make subsequent flake removals difficult. This indicates that chert cores were 

discarded at a later stage of their use-life compared to the BIF cores. A small chalcedony flake 

core, a bipolar quartz fragment and a small multi-platform ironstone core were also discarded 

during this time.    

The LGM and post-LGM assemblage contains the highest proportion of cores and core 

fragments (n=54, 4.7%). Flake cores comprise around one quarter of this assemblage (n=14, 

25.4%). Cores discarded between 23.8–16.4 cal ka BP are mostly made on BIF (n=38, 70.4%) 

and chert (n=10, 18.5%), although chalcedony, ironstone, quartz and siltstone nodules were 

also discarded during this time (Appendix 3). The two complete quartz cores were both rotated 

once, and each have high SDI values of 0.3. A white chalcedony core also discarded at the site 

during this time also has a high SDI value (0.46). This indicates that these materials were 

reduced more intensively then BIF or chert nodules. BIF cores are typically larger and heavier 

than chert cores (Table 8.14). However, there is no consistency in technological attributes (SDI, 

platform preparation, platform type, core rotation) that indicates markedly more intensive 

reduction of one material over the other. BIF cores at the point of discard become lighter during 

this phase with smaller flake removals – this occurs as BIF flakes discarded on-site are smaller 

and have higher dorsal scar densities.  

There is, however, variation in the reduction extent of discarded cores. For example, three or 

less flake scars were removed from five BIF and four chert nodules, while one chert and four 

BIF cores have > ten flake removals each. The nine non-intensively reduced cores are made on 

both coarse-grained and more fine-grained materials, so material quality was not a strong factor 

in deciding which cores to intensively reduce and transport. Indeed, one small flake core is 

made on a medium-grained ironstone flake which was intensively reduced before discard (SDI 

value: 0.63). It is possible that the variation in the reduction extent of different nodules indicates 

that people carried preferred cores in and out of the site with them and only used local material 

expediently.   
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The proportion of cores discarded at the rockshelter decreases markedly after 12.9 cal ka BP 

as core to flake ratios increase sharply, particularly for chert. The transport of cores away from 

the site undoubtedly contributes to the high ratios. Only five complete BIF cores and one 

complete chert core were found in this occupation phase. Technological attributes do not 

indicate they were more intensively reduced than cores discarded during other phases (Table 

8.14). In fact, they exhibit the lowest SDI values across the sequence. These nodules were 

discarded with remaining use life. It is probable that transported chert cores were more 

intensively reduced than the single chert core discarded at the site because of the increased 

presence of flaked and facetted platform chert flakes discarded at the site after 12.9 cal ka BP. 

Three complete ironstone cores, a siltstone core and five quartz cores were also discarded at 

Juukan 2 between 12.9–1.7 cal ka BP. Two of the three ironstone cores were rotated once. They 

have an average SDI value of 0.08 but contain 6, 11 and 18 flake scars each. This inverse 

correlation between SDI and flake scar frequency is a result of the very large size of these 

cortical ironstone nodules. These cores are heavy and were clearly not transported across large 

distances. It is probable that they were acquired locally, within or next to the gorge, and carried 

a short distance to the rockshelter. Fifty-two ironstone flakes were discarded at the site at this 

time. Two of these flakes were used and resharpened (see below). The presence of these large 

ironstone cores and tools demonstrates that people were making use of immediately local 

materials at the site during this time.  

One of the five quartz cores discarded between 12.9–1.7 cal ka BP was reduced using hammer-

and-anvil technique. The other four cores were all rotated once and have a median SDI value 

of 0.43 ± 0.52 with an average of 6.5 flakes scars removed per core. The presence of these four 

relatively intensively reduced quartz cores, in concert with a marked overall increase in the 

proportion of quartz in the assemblage, shows a clear preference towards this material from 

12.9 cal ka BP and into the Holocene compared to earlier occupation phases.  

Despite the sharp increase in artefact discard rates in the last few thousand years, proportionally 

very few cores (n=16, 0.5%) or core fragments (n=14, 0.4%) are discarded at Juukan 2 in the 

late Holocene. The high proportion of broken cores discarded at the site, together with high 

flake to core ratios, demonstrates a sharp increase in on-site core reduction together with 
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increased core transport away from the site. Discarded cores and core fragments are mostly 

made on chert (n=15) and BIF (n=8), but chalcedony (n=2), ironstone (n=2), quartz (n=2) 

complete and broken cores and a siltstone core were also discarded at this time. SDI values 

indicate that late Holocene BIF and chert cores are smaller and more intensively reduced than 

cores discarded during most other periods (Table 8.14). Flake scars removed from chert cores 

after 12.9 cal ka BP are typically larger and more elongated than those on BIF cores. The final 

flakes removed from these chert cores were more elongated than those removed from cores 

discarded during most other times. 

FLAKE UTILITY AND STANDARDISATION 

Unmodified complete flakes with a maximum dimension of 20 mm or more were used to 

examine variation in flake blank morphology. Figure 8.14 shows relative flake shape and 

corresponding CQV values. Long BIF flakes (flake length is longer than width) predominate 

through time. However, chert flakes are more frequently wide in shape (flake width is longer 

than length) with aberrant terminations and comparatively lower EPAs until the terminal 

Pleistocene. A decrease in chert flake EPA occurs during 23.8–16.4 cal ka BP (SU4a:SU3 U= 

41266, Z= 2.733, p= <0.05, SU3:SU2 U= 88801, Z= 5.2, p= <0.05) as platforms become 

thicker. At the same time, core platforms were more often prepared by brushing the edges of 

striking platforms with a hammerstone. This pattern is not apparent on BIF flakes (Figure 8.14).  

 

Figure 8.14. BIF (left) and chert (right) flake shape across occupation phases at Juukan 2. Flake frequencies are 
listed in bars and CQV values are noted next to each bar. 
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Long chert flakes and blades become more common after 12.9 cal ka BP (SU3:SU2 U= 

14507.5, Z= 6.544, p= <0.05, Figure 8.14, Table 8.16) as on-site chert reduction increases. 

Chert flake elongation increases again after 1.7 cal ka BP (SU2:SU1 U= 63796.5, Z= 2.477, 

p= <0.05). Chalcedony and quartz flakes also become increasingly elongated and efficient in 

the late Holocene (Appendix 3). The trend towards narrower flakes occurs together with an 

increase in flake utility, but this increase is not statistically significant (SU3:SU2 U= 3082, Z= 

1.5210, p= 0.128, SU2:SU1 U= 12344, Z= 0.9690, p= 0.332). A Pearson correlation coefficient 

test found a significant positive relationship between flake utility and elongation on both BIF 

(r= 0.217, n= 570, p= <0.05) and chert flakes (r= 0.424, n= 495, p= <0.05). However, EPA 

does not correlate to flake utility on chert flakes (r= 0.09, n= 429, p= 0.09) and is negatively 

correlated on BIF flakes (r= -0.1, n= 535, p= <0.05). Elongated flakes contain more usable 

edges than squat flakes; thereby reducing transport costs (Lin et al. 2013). Aboriginal people 

in Australia sometimes produced highly controlled flakes such as blades and bladelets 

(Holdaway and Stern 2004). However, overall low frequencies of blades at Juukan 2 indicate 

that blades with high edge length efficiency were not typically desired characteristics. Long 

flakes are often more flexible than blades as they have a larger initial surface area which can 

be reduced and shaped in different ways.  

It appears that the main flaking strategy at Juukan 2 throughout the Pleistocene was to produce 

flakes quickly and easily rather than to consciously employ specific manufacturing strategies 

that maximised cutting edge or produced a particular form. This fits well with ethnographic 

observations collected in Australia (see references in Douglass and Holdaway 2011) and New 

Guinea (White 1967; White and Thomas 1972) that indicate the main factors for flake selection 

were a good sharp cutting edge and a suitable size for a task. In this context, variability in flake 

shape might facilitate a more useful selection of specific flake forms for particular tasks. Long 

flakes, which are common throughout most of the sequence, provide long edges and flexibility 

for reshaping. Flake mass is more varied than flake shape (Figure 8.15). Overall, chert flakes 

are smaller and less varied in size than BIF flakes. This could indicate more standardisation of 

chert flakes but is just as likely to relate to less variance in original nodule size. Flakes were 

probably often selected from previous debris – a more economical and efficient approach than 

producing flakes from a core each time. In these events, the manufacturing process was often 
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separated in time from the process of selecting flakes for a present or future task (Dibble et al. 

2017).  

 

 

Figure 8.15 Variation in BIF (blue) and chert (grey) flake mass (≥20 mm flakes only) at Juukan 2. CQV values are 
noted above each box plot.  

 

Table 8.15. Measures of BIF flake standardisation on all flakes ≥20 mm through time at Juukan 2. Each column 
contains median and interquartile range unless otherwise stated. 

SU Age range (cal ka BP) Elongation Edge length to mass EPA Aberrant terminations % 

1 ≤ 1.7 1.3 ± 0.8 19 ± 22.5 74 ± 18.5 41 (51.3) 

2 12.9–1.7 1 ± 0.7 22.1 ± 19.6 71 ± 19 75 (49.7) 

3 23.8–16.4 1 ± 0.7 18.4 ± 21.8 70.5 ± 17 109 (48.4) 

4a 30–23.8 1.2 ± 0.7 18 ± 21.8 72 ± 22 43 (51.8) 

4b 43.6–40.8 1.2 ± 0.6 16.5 ± 16.8 72 ± 22 11 (35.5) 
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Table 8.16. Measures of chert flake standardisation on all flakes ≥20 mm through time at Juukan 2. Each 
column contains median and interquartile range unless otherwise stated. 

SU Age range (cal ka BP) Elongation Edge length to mass EPA Aberrant terminations % 

1 ≤ 1.7 1.3 ± 1 41.3 ± 38.4 76 ± 15 122 (47.1) 

2 12.9–1.7 1.2 ± 0.8 38 ± 38.6 75 ± 14.5 38 (37.3) 

3 23.8–16.4 1 ± 0.6 28.4 ± 19 63 ± 14 38 (54.3) 

4a 30–23.8 1 ± 0.7 35 ± 26.8 68 ± 18 29 (56.9) 

4b 43.6–40.8 1 ± 0.6 34.9 ± 29.7 67 ± 19.8 7 (53.8) 

 

Nearly half of all discarded flakes (≥ 20 mm) in most occupation phases have aberrant 

terminations (Table 8.15 and Table 8.16). Cores are often discarded if it becomes difficult to 

remove flakes and aberrant terminations make further flake removals from cores difficult 

(Macgregor 2005). Flakes with abrupt terminations may therefore have been removed from 

near the end of the reduction sequence or immediately prior to core discard. Coarse-grained 

materials like ironstone have even higher proportions of aberrant terminations compared to 

feather terminations (Appendix 3). Hertzian initiations are dominant on most other materials 

except for quartz and crystal quartz flakes. Quartz has the highest proportion of flat and crushed 

platforms because it was most commonly bipolar knapped and because of the shatter properties 

of the material (Appendix 3). This variation relates to the flaking properties of different 

materials: coarse-grained materials like ironstone are harder to control than more siliceous 

materials like chert, chalcedony and fine-grained BIF. 

TOOL USE  

Tools included in the following analysis of use intensity comprise complete scrapers (n=79) 

with predominantly scalar retouch (Figure 8.20) and two burren adzes. The burren adzes do 

not show any qualities indicating that they should be assessed separately to scrapers (cf. 

Clarkson 2007). Nine scrapers have notches (i.e. larger flakes removed from a working edge 

during early stages of tool reduction). The notch edges do not contain macroscopically visible 

use-wear and all nine tools have Index of Invasiveness values below 0.2. Four tools are distinct 

concave and nosed scrapers (Figure 8.20). Flakes that are not intensivly retouched are mostly 

sharpened along their distal margins (Figure 8.16). As retouch intensity proceeds, edge retouch 
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becomes more evenly distributed around the lower and then upper margins of the flake before 

it is discarded. Many complete retouched tools discarded at Juukan 2 were not intensivly used 

or at the end of their use life at the point of discard. This suggests that conservation and curation 

of individual flake tools was not typically practiced.   

 

Figure 8.16. The dorsal surface of dorsally unifacial retouched complete flakes (n=60) at Juukan 2 showing the 
location of retouch in relation to retouch intensity (GIUR). 

 

Low Index of Invasiveness values (≤ 0.5, see Figure 8.18 below) on BIF and chert flakes 

indicate that retouch intensity was generally low throughout the sequence. Tools were not 

extensively reduced from their original size. Therefore, mass and platform area were used as 

an estimate of tool size to assess the size of flakes selected for tool use compared with 

unmodified flakes (Table 8.17, Figure 8.19). Larger BIF and chert flake blanks were clearly 

selected from the wide pool of flake blanks for use. This result is not unexpected – as larger 

flakes are easier to hold – but interesting as most cores and flake cores discarded at the shelter 

have small flake scars (see above). Only 19 tools (24%) retain cortex, which suggests that most 

large used flakes were removed early on in the reduction sequence but were not the initial 

cortical flakes. Either these flakes were carried into the site or they were removed much earlier 

on in the reduction stage. A preference for large flakes demonstrates that many cores were 

nearing the end of their usefulness at the point of discard.  
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Table 8.17. Comparison of mass and platform surface area for BIF and chert scrapers and unmodified flakes at 
Juukan 2.  

 
No./Mass (g) No./Platform surface area (mm2) 

BIF scraper  39 14.7 ± 21.6 38 177 ± 162.1 

BIF flake blank  571 3.9 ± 6.5 534 71.7 ± 101.5 

Chert scraper  40 6.5 ± 7.1 35 92.4 ± 99 

Chert flake blank  495 1.7 ± 2.1 430 32.6 ± 52. 

 

Figure 8.17 displays the shape of flakes selected for retouch compared to unmodified flakes 

(≥ 20 mm) by material. There are no stark contrasts in flake morphology between the three 

categories: flakes selected for tool use were typically long in shape. Used flakes are often longer 

than flakes that were retouched but this difference is not marked. Size was clearly a more 

important factor in flake selection than flake shape. Many flakes selected have larger surfaces 

which can be repeatedly resharpened, thereby extending their use-life (cf. Chazan et al. 1995; 

Eren et al. 2008; Lin et al. 2013). However, most flakes appear to have been used briefly and 

then discarded.  

 

Figure 8.17. Comparison of BIF and chert scraper morphology used flakes and unmodified flake blanks at 
Juukan 2. Flake frequencies are listed in bars.    
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A Pearson correlation coefficient shows a strong positive relationship between the Index of 

Invasivness and GIUR (r= 0.65, n= 64, p= <0.05). As retouch intensity (GIUR) increases, 

retouch edge angle also increases (Pearson’s coefficient r= 0.261, n= 64, p= <0.05). Sample 

sizes are too small for statistical tests but there is a noticeable increase in the median surface 

coverage of retouch scars on BIF scrapers during the LGM and post-LGM phase (Figure 8.18). 

No corresponding marked changes in GIUR ratios occur during this time (Table 8.18). This 

pattern is not apparent on chert tools. Retouched BIF flakes were larger than chert flakes at the 

point of discard through time until the last few thousand years (Figure 8.19). This probably 

relates to smaller chert nodule size compared to BIF. GIUR values on BIF and chert scrapers 

are highest during the terminal Pleistocene and Holocene (Table 8.18). These results suggest 

that retouched BIF tools discarded between 23.8–16.4 cal ka BP were more intensively 

retouched. However, sample sizes are too small to make meaningful behavioural inferences 

from this data.  

 

 

Figure 8.18. Index of Invasiveness for complete retouched BIF (blue) and chert (grey) flakes across occupation 
phases at Juukan 2 (excluding backed artefacts and tula adzes).  
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Figure 8.19. Mass (g) of complete retouched BIF (blue) and chert (grey) flakes across occupation phases at 
Juukan 2 (excluding backed artefacts and tula adzes).  

 

Table 8.18. GIUR for dorsally retouched complete retouched flakes through time at Juukan 2 (excluding backed 
artefacts and tula adzes). Tool frequencies are listed in brackets.    

 

SU Age range 
(cal ka BP) 

BIF Chalcedony Chert FG volcanic Ironstone Quartz 

1 ≤ 1.7 0.44 ± 0.26 (5) 
 

0.5 ± 0.42 (16) 
   

2 12.9–1.7 0.51 (1) 
 

0.55 ± 0.1 (3) 
 

0.4295 (2) 0.532 (1) 

3 23.8–16.4 0.48 ± 0.3 (13) 0.3529 (1) 0.48 ± 0.29 (7) 
   

4a 30–23.8 0.37 ± 0.22 (6) 
 

0.4 ± 0.16 (6) 0.821 (1) 
  

 

Table 8.19. Index of Invasiveness for retouched complete retouched flakes through time at Juukan 2 (excluding 
backed artefacts and tula adzes). Tool frequencies are listed in brackets.    

SU Age range 
(cal ka BP) 

BIF Chalcedony Chert FG volcanic Ironstone Quartz 

1 ≤ 1.7 0.14 ± 0.2 (8)  0.16 ± 0.14 (22)    

2 12.9–1.7 0.13 ± 0.05 (4)  0.12 ± 0.09 (5)  0.0625 (2) 0.09375 (1) 

3 23.8–16.4 0.19 ± 0.19 (17) 0.09375 (1) 0.09 ± 0.02 (4)    

4a 30–23.8 0.11 ± 0.12 (8)  0.09 ± 0.06 (5) 0.5 (1) 0.3125 (1)  

4b 43.6–40.8  0.0625 (1)     
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An additional 89 (1.3%) artefacts at Juukan 2 have features associated with use-wear (Table 

8.5). If we consider discard of both retouched and used tools, then there is a significant increase 

in discard through time (χ2 (4) = 10.605, p = 0.03) and a stronger inverse relationship between 

tool discard frequency and debris density. Used chert flakes have, on average, a greater 

proportion of use-wear along their chord (67.6%) compared to used BIF flakes (51.7%). The 

percentage of perimeter utilised increases through time on both BIF and chert flakes to a high 

of 71.2% during the last few thousand years (SU2: 48.7%, SU3: 41.7%, SU4a: 25%), when 

used flakes are proportionally more common (Table 8.5). This shows that flakes were used and 

discarded at the rockshelter more often in the Holocene compared to the Pleistocene, where 

they were typically discarded after less use.  
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Figure 8.20. A Chalcedony flake with small scalar retouch on lower left lateral margin (inset is 35 x magnification) discarded at Juukan 2 between 43.6–40.8 cal ka BP (JA30A001). B Concave 

nosed scraper with adze like form discarded just after 23.8 cal ka BP (JJ16aA001). C Large Pleistocene scraper discarded just after 30 cal ka BP (JJ30A001). D Typical backed artefact found in 

Holocene unit at Juukan 2 (JB4bA031). 



 

210 

 

 

DISCUSSION 

The following discussion summarises the results of the Juukan 2 lithic analyses. It is important 

that interpretations are made in the context of the physical and cultural landscape around the 

rockshelter. Purlykuti Creek is seen by present-day PKKP Traditional Owners as a strategic 

corridor – a gateway to the important places of the old people – to reach their significant places 

to the north and south of Boolgeeda River. Juukan valley is adjacent to this corridor so it is not 

surprising that the shelter was repeatedly visited over a period of some 46,700–42,000 years, 

albeit occasionally. As people repeatedly visited the site and reduced cores, the shelter became 

a source of stone material, with opportunities for reuse and recycling (Dibble et al. 2017; Schick 

1987). The presence of flake cores provides one possible indication of such practices. 

Sedimentation rates varied through time, but accumulation rates are low throughout with an 

average maximum of just under 1 cm per 100 years. This suggests that debris and hearths from 

previous visits were visible at times to subsequent site visitors. 

Juukan 2 has one of the largest recorded Pleistocene lithic assemblages in the inland Pilbara. 

However, it is spread across 15 sq. m of floor space. Only 199 artefacts were discarded every 

100 years in the late Holocene (SU1) which indicates that the rockshelter was still only very 

briefly visited during its most ‘intensive’ occupation phase. This reinforces the notion of very 

ephemeral Pilbara rockshelter use – even when large surface areas of a site are excavated. 

However, it needs to be acknowledged that the artefact collection method at Juukan 2 (on-site 

sorting during excavation) may have resulted in a lower artefact count because small artefacts 

were not identified or collected.  

The presence of other sites around the rockshelter serves as a reminder that Juukan 2 only 

provides a glimpse into overall use of this area. The site complex in the small gorge includes 

other rockshelters, a rockhole and surface artefact scatters. The rockshelter was probably most 

often used as shelter from the elements (e.g. heat, wind, cold, rain). People would probably not 

have camped in the rockshelter itself but in the soft, flat sands in or around Purlykuti Creek. 

The extensive artefact scatter next to Purlykuti Creek demonstrates human use of this area at 

least during the Holocene. Apart from the Juukan 1 rockshelter, other nearby places with 

archaeological materials do not have Pleistocene sequences but were almost certainly visited 
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when the rockshelters were. It is only because of their exceptional preservation that Juukan 1 

and Juukan 2 tell us the Pleistocene story of this landscape.  

SUMMARY OF THE LITHIC ANALYSIS 

Lithic technology at Juukan 2 was examined from two different angles: from what was taken 

away from the site, and from what was discarded at the site. The former is important as it 

removes manufacturing intent from the flake/core selection process: ethnographic records 

emphasise the common selection of flakes as a separate event to flake production. The 

following summary of the lithic analysis is divided into analytical units to facilitate 

comparisons of technological behaviours through time (Table 8.20).  

One important finding requires further discussion. Despite the abundant raw material available 

in close proximity to the rockshelter and in the surrounding landscape, foragers chose to 

intensively reduce and transport particular nodules across the uplands. Stone assemblages in 

all occupation phases are characterised by a lack of evidence for on-site decortification, low 

amounts of on-site reduction (evidenced by low artefact discard rates) and few discarded cores. 

The few cores discarded at the shelter throughout the sequence are typically small and were 

exhausted or nearing the end of their use-life. These include small flake cores. These ‘mobile’ 

cores were clearly carried over a distance – perhaps in and out of multiple places – before being 

discarded at the shelter, which indicates that they may not have been procured locally within 

the gorge or surrounds. Transported cores with long-use lives can therefore be used as markers 

of relative occupation duration, similarly to long-use life tools such as backed artefacts. The 

longer the site duration, the more chance for a transported core to be discarded on-site. 

Alternatively, more frequent site visits increase the likelihood of on-site core discard. However, 

this depends on where the use-life of a core played out: whether that was over a landscape 

before it reached a site and therefore could be discarded over a short time period, or whether 

most of the core use-life played out at a site during longer occupations. This is where debris to 

core proportions are important. A lower proportion of cores in an assemblage (high debris to 

core ratios) signals longer durations because debris accumulates faster than long use-life 

artefacts (Barton 2008; Barton and Riel-Salvatore 2016:29; Barton et al. 2011; Burke et al. 

2018; Clark and Barton 2017; Kuhn and Clark 2015; Riel-Salvatore and Barton 2004). 
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Transported core proportions should be higher in assemblages characterised by shorter duration 

visits because foragers should rely more on their transported toolkit and have less time to create 

large waste debris (low debris to core ratios). However, sites that were frequently visited for 

short periods of time can accumulate a large amount of debris over time. The debris to core 

ratio is plotted against artefact discard per thousand years in Figure 8.21 below.  

The results show a marked difference between Pleistocene occupation phases and terminal 

Pleistocene and Holocene phases. The earliest Pleistocene occupations and, in particular, visits 

between 23.8–16.4 cal ka BP, were of comparatively shorter duration than later occupations. 

This variation is discussed in detail below. Very low overall discard rates for all Pleistocene 

occupations indicates that the shelter was not visited as regularly as during the Holocene. 

Occupation durations during the Holocene appear to have been comparatively longer. 

However, durations were never long enough to use local nodules and there is little evidence for 

on-site decortification. Therefore, does the Holocene assemblage indicate longer duration visits 

or just more frequent visits? It is difficult to untangle these two facets of occupation intensity 

here but the sheer proportion of debris relative to cores does signal longer durations. It is also 

possible that the frequency of site visits, and/or an increase in group size, occurred. 

Implications of this transport behaviour (core-based toolkits) are discussed in detail in Chapter 

11. 
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Figure 8.21. Tool and core discard ratios plotted against artefact discard per thousand years at Juukan 2. Ratios 
are calculated for entire assemblage.  
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 Table 8.20. Juukan 2 cultural sequence summarising the main changes and trends. 

SU Age range 
(cal ka BP) 

Cultural material Artefacts 
per 
thousand 
years 

Main raw 
materials 

Artefact 
transport 

Reduction, flake utility 
and standardisation 

Tool use  Occupation 
duration and 
frequency 

1 ≤ 1.7 - Hearths 
- Highest frequency and diversity of 

faunal remains  
- Emu eggshell 
- Two pieces of woven human hair 
- 3385 flaked stone artefacts, including: 

- 1 hammerstone 
- 2 grindstone fragments 
- 55 backed artefacts, incl. 1 with intact 
hafted resin  
- 10 tools with evidence for hafting 
- 5 tula adze slugs  
- 29 cores/core fragments (0.9%) 

↑1991 ↑ Chert 51% 
↑ Quartz 
29.2% 
↓ BIF 7.9% 
 
 

Predominately 
partially cortical 
cores, small 
formal tools, 
possibly flakes 

- Increased on-site 
core reduction 

- Later stage chert, 
chalcedony and 
quartz reduction 

- Less intensive 
ironstone reduction 

- Less efficient 
ironstone flakes 

- Chert and BIF flakes 
become more 
elongated, chert 
flake utility increases 

Backed tools, 
tula adzes, 
non-intensively 
retouched 
flakes, used 
flakes 
 
 

↑Longer 
duration visits 
↑Highest 
frequency of visits  
 
Highest proportion 
of debris to 
transported cores 

2 12.9–1.7 - Hearths 
- Increased frequency and diversity of 

faunal remains  
- 1791 flaked stone artefacts, including: 

- 3 grindstone fragments 
- 34 backed artefacts  
- 17 cores/core fragments (0.9%) 

↑160 ↑ Chert 40.6% 
↓ BIF 21.9% 
↑ Quartz 
20.5% 
 

Predominately 
partially cortical 
cores, small 
formal tools, 
possibly flakes 

- Core discard 
decreases 

- Local ironstone core 
expediently flaked 

- Later stage quartz 
reduction 

- Chert flakes become 
more elongated, 
chert flake utility 
increases 

-  

Introduction of 
backed tools, 
non-intensively 
retouched 
flakes, used 
flakes 
 
 

↑Longer duration 
visits 
→similar or less 
frequency of visits  
 
High proportion of 
debris to cores 

3 23.8–16.4 - Hearths 
- Low frequency faunal remains  
- 1143 flaked stone artefacts, including: 

- 54 cores/core fragments (4.7%) 

↑154 ↑ BIF 48.6% 
↓ Chert 28.7% 
 

Predominately 
partially cortical 
cores, possibly 
flakes 

- Later stage BIF core 
reduction on-site 

- Increased core 
discard 

- most cores 
intensively reduced 

Non-intensively 
retouched 
flakes, used 
flakes 
 
 

↓Shortest 
duration visits  
↑Increased 
frequency of visits  
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SU Age range 
(cal ka BP) 

Cultural material Artefacts 
per 
thousand 
years 

Main raw 
materials 

Artefact 
transport 

Reduction, flake utility 
and standardisation 

Tool use  Occupation 
duration and 
frequency 

at the point of 
discard 

- Increased chert flake 
breakage, decreased 
BIF flake breakage 

Lowest proportion 
of debris to cores 

4a 30–23.8 - Low frequency faunal remains  
- Bone point (c.28 cal ka BP) 
- 536 flaked stone artefacts, including: 

-15 cores/core fragments (2.8%) 

↑ 86 ↑Chert 36.4% 
→BIF 33.8% 
 

Predominately 
partially cortical 
cores, possibly 
flakes 

- Some on-site core 
reduction 

- Most discarded 
cores were 
intensively reduced  

Non-intensively 
retouched 
flakes, used 
flakes, bone 
point 
 
 

↓Short duration 
visits 
↑Very infrequent 
visits  
 
Low proportion of 
debris to cores 

4b 43.6–40.8 - Hearths 
- Low frequency faunal remains  
- 187 flaked stone artefacts, including: 

- upper grindstone 
- 3 cores/core fragments (1.7%) 

67 BIF 33.7% 
Chert 26.2% 
 

Predominately 
partially cortical 
cores, possibly 
flakes 

- Some on-site core 
reduction 

- Discarded cores 
were intensively 
reduced  

Non-intensively 
retouched 
flakes 
 
 

Short duration 
visits, 
Least frequent 
visits  
 
Low proportion of 
debris to cores 



 

216 

 

 

43.6–40.8 CAL KA BP (SU4B) 

Juukan 2 was first visited between 46.7–42 cal ka BP (lower modelled boundary for base of 

deposit) by Aboriginal people who made small fires and discarded bone and lithics over a 

period of some 3000 years. This early assemblage has a low proportion of debris to cores, 

which indicates that site visits during this time were comparatively shorter than during 

Holocene phases of site use. The four cores found in this unit are all small and were discarded 

near or at the end of their use life. Low artefact discard rates indicate very few site visits during 

this time by highly mobile people who transported cores across the central Hamersley Range.  

Despite the dominance of BIF and chert, a wide range of materials (all available within the 

local Purlykuti catchment) were reduced and left at the shelter. Five marginally retouched 

artefacts were also discarded at the site during this time. Significantly, a broken ground cobble 

was discarded at the site just before 40.8 cal ka BP (square K XU 31). This currently represents 

one of the earliest uses of grindstone technology in the Pilbara. The cobble was probably used 

to aid in plant, animal or ochre processing and its presence indicates exploitation of a nearby 

resource concentration. Residue analysis of this grindstone is in progress (M. Slack pers. 

comm. 2018). During an ethnographic survey in 2007 at Brockman 4, Eastern Guruma 

Traditional Owner elders noted that grinding stones or grinding patches (as well as places with 

lots of artefacts) were indicative of a place being a “main site” (McDonald 2008:10). 

Grindstones are found in several other rockshelters in Juukan gorge and on the surface of the 

floodplain near Purlykuti Creek. This entire complex was clearly repeatedly used by people 

through time, and Juukan 2 rockshelter was one component of this area.  

A chronological and possible stratigraphic discontinuity occurs between 40.8–30 cal ka BP at 

Juukan 2. It is difficult to understand the extent and nature of occupation in Juukan 2 

rockshelter over these 10,000 years. However, the Juukan 1 rockshelter sequence (Chapter 7) 

indicates that people were in the area again just before 37–36 cal ka BP. This discontinuity 

therefore does not represent the absence of people in the area during this time.  
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30–23.8 CAL KA BP (SU4A) 

From 30 ka, temperature and summer rainfall decreased (van der Kaars et al. 2006) and sea 

levels began to fall, increasing the northwest landmass. Visitors to Juukan 2 continued to make 

small fires and discard small quantities of bone. A bone point from an organic toolkit was also 

discarded at the shelter at this time. The debris to core ratio decreases which indicates shorter 

durations than during initial site visits. Discard rates increase slightly which, in the absence of 

technological change, suggests increased frequency of site visits or larger groups. Chert 

appears to be the preferred material for on-site reduction and for core transport out of the site: 

chert transport increases while fewer components of the BIF assemblage are transported away 

from the site. Small quartz nodules are reduced on-site using hammer and anvil technique. The 

highest proportion of ironstone artefacts (n=34, 6.3%) is discarded at the site during this time, 

and crystal quartz (n=7, 1.3%) appears for the first time.  

23.8–16.4 CAL KA BP (SU3) 

A distinct stratigraphic change at 23.8 cal ka BP – tightly bracketed by dates on in situ charcoal 

– corresponds to the start of the LGM. The sediment becomes grey-brown and much rockier. 

Site formation and Bayesian modelling demonstrate continued LGM visits with lithics, hearths 

and bone recovered from up to ten excavation units. There is no evidence for the discontinuities 

seen at many other southern hemisphere arid zone sites (Barberena et al. 2017). This time 

period is characterised by a fluctuating but overall highly arid period with almost no summer 

rainfall (0-60 mm per annum), low temperatures and increasing wind speeds (Denniston et al. 

2013a; Stuut et al. 2014; van der Kaars et al. 2006). Ward (2017) suggested that the change 

from coarser-grained sands to fine-grained silts near the base of SU3 in square C (XUs 16 and 

18) may indicate a greater contribution of reworked aeolian sediment from the more arid glacial 

period. Similarly, preliminary analysis of the Juukan 2 pollen record indicates a change to a 

more arid phase with predominately grasses between around 25–19 cal ka BP.  

Lower frequencies of distinct hearth features in this unit, together with the increased 

accumulation of mixed combustion residues, suggests that mechanical disturbance (e.g. 

trampling and cleaning) has made the initial shape of many hearths difficult to distinguish over 

time. This unit is similar to the Type C hearth palimpsest feature found in Holocene units at 
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Riwi, a rockshelter located in the adjacent Kimberley region (Whitau et al. 2017). Holocene 

layers at Riwi are composed of a compact ash-rich deposit which has been subject to trampling, 

mixing and bioturbation due to the presence of humans and animals in the cave at this time. 

The Juukan 2 hearth-rich LGM and post-LGM unit could suggest an increased frequency of 

site visits, coupled with a reduction of time between visits as some hearths were disturbed by 

human action during repeated site visits.  

Artefact discard rates nearly double between 23.8–16.4 cal ka BP compared to the earlier 

period of lower intensity occupation. This increase in discard is not associated with major 

technological change. The frequency of BIF in the assemblage increases significantly while 

use of chert, quartz and ironstone declines. Retouched and used artefacts are predominately 

made on BIF (n=30, 66.7%). The other marked change in assemblage composition is in the 

increase in core discard at the site, which includes the continued use of flake cores. Stockpiling 

of cores at a location reflects place provisioning (Kuhn 1995). Several cores were expediently 

reduced before they were discarded, indicating that they were not moved far from their source. 

However, little evidence for on-site decortification is visible in the Juukan 2 record and most 

cores were transported into the site at a later stage of reduction. Indeed, low cortex and volume 

ratios on all materials during this phase suggest either extensive removal of material from the 

site and/or that cores transported into the site were already in later stages of reduction. BIF and 

chert non-cortical to cortical flake ratios indicate that some early stage components of the 

reduction process are missing. These ratios, together with independent flake reduction analysis, 

indicate that most flakes discarded on site were removed during later stages of reduction. It is 

possible that flakes were removed from the assemblage, but overall there are not enough 

cortical pieces at the site to demonstrated in situ decortification. Furthermore, many small cores 

were clearly discarded at the shelter because they lacked the capacity for further successful 

flake removals. Chalcedony and quartz cores are were more intensively reduced than chert and 

BIF cores, and BIF cores discarded between 23.8–16.4 cal ka BP were more intensively 

reduced than BIF cores discarded during the previous period.  

Because transported cores can be viewed as longer use-life artefacts, their increased frequency 

suggests changes in occupation duration and frequency and/or group size compared to before 

this time. Again, the debris to core ratio is the key. It indicates that there is less debris per core 
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between 23.8–16.4 cal ka BP than during any other phase of site use. This suggests that the 

shortest occupation durations occurred during this phase, while overall increased discard at the 

site suggests an increased frequency of site visits. It is difficult to identify what the increase in 

BIF between 23.8–16.4 cal ka BP represents at Juukan 2. Distance to material source is 

unknown but the continued transport of small cores in and out of the shelter indicates non-local 

procurement during shorter duration visits. There is no evidence to suggest that foragers used 

locally available BIF during this phase. It is probable that, given that significant changes in 

material use occur at other times in the Juukan 2 sequence, that the increased use of BIF during 

the LGM is not linked in with the changing frequency of site use at Juukan 2.  However, these 

results will be considered further in the context of the regional record in Chapter 11. 

The extent to which this increased activity at Juukan 2 reflects use of the rockshelter itself as 

opposed to increased use of this local area is difficult to examine without Pleistocene sequences 

from open-air sites in the area. It is possible that the rockshelter itself was visited more 

frequently during the LGM as the natural rock formation provided shelter and warmth to 

protect against significant drops in temperature and increased wind speeds. Perhaps at this time, 

these key features of the rockshelter became more important to people than other nearby places. 

Regardless of what the shelter might represent in terms of landscape use, increased site visits 

to Juukan 2, a more marginal landscape with only ephemeral water sources, during the LGM 

and immediate post-LGM phase is significant because it contrasts previous LGM scenarios. 

The significance of these results in terms of our understandings of human responses to the 

LGM is examined in detail in Chapter 11.  

12.9–1.7 CAL KA BP (SU2) 

Summer rainfall gradually increased after 20 ka (van der Kaars et al. 2006) but climatic 

instability continued until the return of summer precipitation c.14–13 ka (van der Kaars and 

De Deckker 2002; van der Kaars et al. 2006). After 16.4 cal ka BP, the grey and rocky sediment 

characterising the LGM and post-LGM phase is replaced with compact brown sediment 

containing less rockfall and gravels. Unfortunately, the paucity of radiocarbon dates for the 

terminal Pleistocene makes it difficult to understand occupation during this time. Assemblage 

characteristics discussed below do not present a clear pattern of occupation duration or 
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frequency, which is not surprising since this occupation phase covers a period of over 10,000 

years.  

Artefact discard rates remain very similar to the previous phase (23.8–16.4 cal ka BP), but core 

discard decreases (4.8% to 0.9%). The resulting high debris to core ratio indicates that 

occupations were comparatively longer duration than earlier visits. Indeed, at least one large 

cortical ironstone nodule was bought a short distance to the shelter and reduced during this 

phase. This suggests that some occupation durations during this phase may have been 

comparatively longer than other visits. While BIF flakes stay a similar size and weight during 

this time, chert flakes become significantly smaller and lighter after 12.9 cal ka BP and more 

often contain flaked or facetted platforms. Flake elongation and utility increases. Chert cores 

were clearly more intensively and purposefully reduced on-site but were then removed. The 

presence of more intensively reduced cores and the change in chert flaking techniques to 

produce longer and thinner flakes are indicative of technological strategies which preference 

utility and conservation.  

The biggest change in the assemblage after 12.9 cal ka BP is in the proliferation of new 

technologies in the form of formalised and highly curated backed artefacts. The use of ‘formal’ 

tools rather than informally retouched and used flakes was often argued in early mobility 

literature to signal a change in mobility levels (e.g. Bamforth 1986; Kelly and Todd 1988; Parry 

and Kelly 1987) but does not necessarily equal different mobility strategies between the 

Pleistocene and the Holocene here. The proliferation of backed artefact technology in Holocene 

Australia is seen as a response to entangled social, economic and environmental processes (e.g. 

McDonald et al. 2018b; White 2011), and, most commonly, a response to risk bought about by 

ENSO intensification processes around 4,000 years ago (decreased and more variable 

precipitation) – resulting in more unpredictable resources for people (Hiscock 1994, 2002a; 

Hiscock et al. 2011). The chronological resolution of the terminal Pleistocene and Holocene 

sequence at Juukan 2 is currently too coarse-grained to evaluate these themes here, and they 

are outside the scope of this research. Nevertheless, the presence of these distinct tools at the 

rockshelter signals the addition of small, reliable and maintainable tools into the mobile toolkit 

during the Holocene. Eight backed artefacts (23.5%) were broken and half of these have clear 

evidence for use along their broken chord. This suggests that they may have been discarded 
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when they broke during on-site maintenance or use. Most complete backed artefacts exhibit 

clear evidence for use on their chord (n=19, 73%). It is of note that extensive core transport 

continued as backed artefacts were introduced into the mobile tool-kit. 

≤1.7 CAL KA BP (SU1) 

The last few thousand years mark the most intensive use of Juukan 2 rockshelter, as signalled 

by a sharp increase in artefact discard rates. Discard during this phase is markedly higher than 

during any other period. The high debris to core ratio signals that occupations were 

comparatively of the longest durations during this time. The site was also visited more 

frequently during this time. This is reinforced by high rates of flake fragmentation suggesting 

increased trampling during this time. Overall use of BIF at the shelter decreases to a low in the 

last 2000 years. Foragers made significantly more use of chert, but this material is exploited 

more expediently in the sense that proportionally less material was transported away from the 

site compared to all other periods of site use. BIF and chert flakes do not become significantly 

smaller in the last 2000 years – a pattern noted at many other sites in the Pilbara. However, 

both BIF and chert flakes become more elongated and chert flake utility increases. Chert flakes 

more commonly have flaked/facetted platforms and high dorsal scar counts (corrected for flake 

size) which suggest more intensive reduction of this material compared to earlier phases. 

Indeed, both BIF and chert cores discarded on-site at this time are more intensively reduced 

than those from the early Holocene and terminal Pleistocene. Perhaps these cores were moved 

across greater distances before being discarded at the shelter. Alternatively, some chert cores 

may have been recycled with repeated site use. The high chert flake to core ratio (169:1) 

demonstrates the continual removal of chert cores from the site after intensive on-site 

reduction.  

The late Holocene stone assemblage shows increased use of the rockshelter, and presumably 

the wider area, in the recent past. A wider range of activities were undertaken at the site. Five 

tula adze slugs were discarded at the end of their use-life. Tula adzes are used for woodworking 

and other tasks (Gould et al. 1971; Hiscock and Veth 1991; Moore 2004; Veth et al. 2011a). 

Their presence indicates further specialisation of mobile toolkits in the late Holocene. Backed 

artefacts comprise a similar proportion of the assemblage compared to the earlier 
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Holocene/terminal Pleistocene phase. However, low proportions of small (<5 mm) flakes from 

backed artefact manufacture indicate that tool manufacture was not typically undertaken at the 

rockshelter. Similar assemblages containing backed artefacts and tula adzes are found in nearby 

open-air places including in the floodplain adjacent to Purlykuti Creek. The Juukan 2 late 

Holocene assemblage was probably discarded contemporaneously with surface materials in 

these nearby areas. This record demonstrates intensive usage of the gorge and surrounds by 

Aboriginal people until recent times. The presence of a complete upper grindstone and flaked 

stone artefacts sitting on the surface of the rockshelter attest to this recent use, as do the 

memories of PKKP Traditional Owners, who in 2013 recalled family members travelling 

through the area during station work some years ago (Builth 2013).  

CHAPTER CONCLUSION 

Juukan 2 contributes an important record to Aboriginal occupation of the inland Pilbara. The 

site is significant not just for its high resolution deep-time chronology or LGM occupation 

sequence but because of the large area excavated (15 sq. m) and the resulting large stone 

assemblage available for analysis. The large sample size also allowed for a more robust 

reduction analysis and for a large sample of Pleistocene retouched and used tools. As a result, 

our understandings of artefact transport, mobile toolkits, human movement and tool use are 

significantly enhanced.  

The large sample size enabled a test study to be undertaken that examined whether it was 

possible to distinguish artefact transport patterns from the stone assemblage. For the first time 

we have been able to quantify the movement of artefacts to demonstrate the use of core-based 

toolkits. Importantly, the identification of extensive core transport across this part of the 

uplands means that transported long use-life cores can, in combination with debris density, be 

used as a measure for relative occupation duration. This has allowed for the ranking of 

occupation phases in regard to occupation duration. The results show dynamic shifts in 

occupation intensity through the Pleistocene and Holocene, including between 

23.8– 6.4 cal ka BP. At the height of glacial aridity, Aboriginal people not only continued to 

visit this more marginal part of the Pilbara uplands, but visited the site more frequently and for 

shorter durations than during all other phases. The change in occupation at Juukan 2 during the 
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LGM is significant and requires further examination in the context of regional trends. The 

contributions and wider implications of these results on regional and continental themes of 

rockshelter use, human mobility and LGM responses are examined in Chapter 11.  
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CHAPTER 9 MURUJUGA ROCKSHELTER 
 

 

This chapter presents the Murujuga Rockshelter lithic analysis. The geological and 

environmental context of the site and surrounds and the rockshelter excavation are first 

described. The lithic analysis is then presented and followed by a discussion and site summary. 

SITE CONTEXT 

Murujuga Rockshelter is located on a long finger of land stretching out into the Indian Ocean 

on the western coastal margin of the Pilbara. Once part of the distinctive rocky ‘Dampier 

Ranges’ that now form the 42 islands of the Dampier Archipelago, the 118 sq. km Burrup 

Peninsula (Aboriginal name Murujuga, historic name Dampier Island) was disconnected from 

mainland Australia between 8,000 and 6,000 years ago as the modern coastline formed 

(Lambeck et al. 2014). Reconnected in the 1960s by a causeway and industrial salt ponds, the 

offshore profile of the peninsula consists of sub-tidal reefs and channels that were once low 

hills and open plains. This unique landscape is rich with archaeological material, including but 

not limited to petroglyphs, stone quarries, artefact scatters, stone structures and shell middens 

which demonstrates extensive Aboriginal use of this landscape (e.g. Bird and Hallam 2006; 

Bradshaw 1995; Lorblanchet 1977; McDonald and Berry 2016; McDonald and Veth 2005; 

Mulvaney 2010; Veth 1982; Vinnicombe 1987, 2002). However, the Dampier Archipelago is 

best known for its spectacular rock art. The region is home to well over one million engravings 

and a process to pursue UNESCO World Heritage Listing is currently underway. Custodianship 

of this remarkable landscape is held by Ngarluma, Yindjibarndi, Yaburara, Mardudhunera and 

Wong-Goo-Tt-Oo people, who are represented by the Murujuga Aboriginal Corporation 

(MAC, http://www.murujuga.org.au). 
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Figure 9.1. Location of Murujuga Rockshelter showing (l) landscape context (ESRI aerial) and (r) geological 
context (Geological Survey of Western Australia 1990). Legend: dark orange – fine to medium grained Gidley 
granophyre (commonly porphyritic), light orange – granitoid rock, undivided, metamorphose, includes 
weathered rock, dark blue – gabbro, greens – marine mud and silt; intertidal with mangroves/flats/lagoons, 
yellows – Qs colluvium; sand, silt and gravel; Qc eolian sand; red-yellow wind-blown sand, local sand ridges. 

 

LITHIC ENVIRONMENT 

The Dampier Archipelago is made up of 2.75 billion-year-old Gidley granophyre comprising 

fine-grained granophyre and coarse-grained gabbro and small granite exposures associated 

with the Dampier Granitoid Complex (Figure 9.1 and Figure 9.2,  Hickman 2001). Granophyre 

and gabbro are both extremely hard rocks that are relatively resistant to chemical weathering 

(Pillans and Fifield 2013; Trendall 1990). This hardness, and ability to not easily erode, has 

contributed in part to the extensive distribution of petroglyphs across the Archipelago (Dix 

1977; Lorblanchet 1983; Mulvaney 2010). Granophyre has also been targeted by people for 

stone tool manufacture and for constructing stone features such as pit-like structures and 

standing stones (e.g. Bird and Hallam 2006; Veth 1982). Granophyre contains quartz and alkali 

feldspar minerals (Clarke 1978:1). Its colour varies between black, dark green, purple or dark 

blue and is related to the oxidation of minerals – the darker the oxidation colour, the greater 

the time exposure of the rock surface (Trendall 1990:174). Its grain size also varies from coarse 

and porphyritic to uniform and fine-grained (Lorblanchet 1977; Veth 1982). This affects the 

flaking quality (predictability and ease) of this material, and it is therefore appropriate to 
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categorise and analyse stone artefacts made from these varieties separately. Granophyre was 

divided here into fine-grained and medium-grained varieties based on visual inspection of grain 

size. Following Veth (1982), granophyre was classified as fine-grained where little or no 

macroscopic detail of minerals or components were visible (Table 9.1). Granophyre is the most 

locally abundant material around the rockshelter. 

  

Figure 9.2. Distinctive rock pile formations on the Burrup Peninsula, Dampier Archipelago (photo taken by Joe 
Dortch). 

 

Dolerite, a medium-grained igneous rock, is a later intrusion that formed in the faults in older 

rocks and appears on the Burrup and surrounding islands as dykes (Hickman 2001). Many of 

the outer islands are made up of the Fortescue Group basalt and andesite (Hickman 2001:26; 

Trendall 1990:174). Basalt is the dominant lithology on the central and western islands. The 

northern and eastern most islands are composed of softer limestone. Outcrops of basal granite 

occur on the near coastal islands and on the eastern side of the Burrup as larger blocks and 

domed massifs (Donaldson 2011). Chert and chalcedony sources do not occur on the Burrup. 

The nearest known sources for these materials are located approximately 10–12 km away on 

what is now the mainland, but it is, of course, possible that submerged sources are located 
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closer to the site and were exposed when sea levels were lower. A possible source of white 

chalcedony (Department of Planning, Lands and Heritage Site ID 27864 WLP Quarry 01) was 

identified by Veth in 1983 at Cajuput Well, approximately 15 km south of the site. Quartz and 

other igneous rock were also identified at Murujuga Rockshelter. The primary sources of these 

materials are unknown, although quartz sometimes occurs in small seams in granite and 

granophyre or as small nodules across the Dampier Archipelago. 

Table 9.1. Availability and brief description of lithologies identified at Murujuga Rockshelter (scale = 5 mm). 

Medium-grained Granophyre 
 

 
 
Available within 1 km. 
 
Medium grained variety of 
subvolcanic rock comprising the 
predominant bedrock on the 
eastern islands of the Dampier 
Archipelago.  

Fine-grained Granophyre 

 
 
Available within 1 km. 
 
Fine grained variety of subvolcanic rock 
comprising the predominant bedrock on 
the eastern islands of the Dampier 
Archipelago. 
 

Chalcedony 

 
 
Available > 10-12 km? 
  
Cryptocrystalline silica-rich rock. Range 
of colours, some with inclusions. 

Chert  

 
 
Available > 10-12 km? 
 
Cryptocrystalline siliceous rock, 
wide variety of colours, some 
with inclusions. Form and 
fracturing properties vary.  
 

Other Igneous  

 
 
Possibly available within 5km 
 
Fine-grained igneous rock. Fractures 
conchoidally. Could not be identified into 
subtypes without thin sectioning. 

Quartz 

 
  
Possibly available within 5km 
 
Hard, crystalline silica rich rock. Most 
artefacts are good quality with 
predictable internal structures which 
have fractured conchoidally. Some low 
quality vein quartz gravels noted in 
deposit. 
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WATER SOURCES 

The Pilbara coastal region is cooler and more humid than the inland Pilbara as the sea 

moderates the high temperatures and low humidity, with the added benefit of the prevailing 

winds throughout the year (Bureau of Meteorology 2018b). The region experiences an average 

annual rainfall of c.300 mm (Karratha Station 1900–2015, Bureau of Meteorology 2018b), 

which is affected both by southern winter rainfall patterns and northern tropical cyclones. 

Cyclonic events and erratic rainfall occur in summer months (November to March), and 

warmer and dryer winters characterise May to October (Figure 9.3). 

Valleys across the Burrup Peninsula are typically steep sided with ephemeral drainage lines 

and creeks following rock fracture planes. No permanent surface water sources currently exist. 

Rainfall events create temporary soaks and rock pools forming in rocky depressions within 

significant valleys (Mulvaney 2015:28). The nearest water source to Murujuga Rockshelter is 

a large waterhole located 400 m away in an upland valley. Early European explorers (Gregory 

and Gregory 1884; King 1827; Stokes 1846; Stow 1981:187) noted the abundant availability 

of water from rock holes and soaks on the islands of the Dampier Archipelago and the nearby 

mainland. Gregory and Gregory (1884:56) reported that ‘in about half an hour several wells 

were found … one, about eight feet deep, in a hollow under a steep range of bare volcanic and 

granite hills, not more than two hundred yards from the beach was found to contain an abundant 

supply of fresh water’.  
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Figure 9.3. Average monthly rainfall (1972-2018) and minimum and maximum temperatures (1993-2018) at 
Karratha Airport, some 6.5 km south of Juukan 2, between 1951-2018 (data from Bureau of Meteorology 
2018b). 

PLANT AND ANIMAL RESOURCES 

The Burrup Peninsula is located within the Fortescue Botanical District which is characterised 

by spinifex (Triodia spp.) hummock grasslands and shrubs which provide little shade (Figure 

9.4, Beard 1975; van Vreeswyk et al. 2004). The unique and complex geology of the Dampier 

Archipelago itself has resulted in small micro-habitats within rock structures which support 

rich floral and faunal communities. Trudgen (2002) recorded a total of 392 plant species and 

200 vegetation associations in the region. Vegetation becomes dense in valleys and along creek 

lines where more moisture and sediment occur. These create fertile environments for larger 

trees such as Eucalyptus microtheca gums and kurrajong (Brachychiton australe) and smaller 

tropical species including edible figs, nuts and tubers and yams, which are normally found 

much further north in the Kimberley region (Long et al. 2016; Morris 1990:25). Kimberley 
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species include the sea almond tree (Terminalia supranitifolia), fruit‐bearing saltbush 

(Phagodia sp.) and Portulaca pilosa, Vigna lanceolata, Ipomoea costata, Operculina brownii, 

and five species of Boerhavia tubers and yams (Long et al. 2016). Plant communities flower at 

different times throughout the year, providing an annual range of food resources. The presence 

of these ‘relict’ Kimberley species suggests the existence of a more tropical climate in this 

region in the past.  

 

Figure 9.4. View southeast from above Murujuga Rockshelter (black circle in inset map) showing spinifex 
grasslands and shrubs. 

Crevices and hollows in the region’s distinctive rock piles offer protection to fauna from heat 

and other predators. The Woodside Petroleum Development report (WPD, 1979) noted 141 

species of terrestrial vertebrate fauna including birds, reptiles, mammals and amphibians. 

Rocky hills and coastal dunes support large bodied species, including wallabies (Petrogale sp.) 

and euros (M. robustus (Woodside Petroleum Development 1979). Shell midden excavations 

in the 1980s and 2000s (e.g. McDonald and Veth 2005; Vinnicombe 1987) showed that 

foragers exploited a range of terrestrial resources in the Holocene including euro, wallaby, 

lizard, birds, kangaroo, quoll and flying fox. Depictions of terrestrial as well as marine 
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resources are engraved onto rock canvases across the Dampier Archipelago (e.g. McDonald 

2015; Mulvaney 2015). Many depictions of marine fauna are less weathered than images of 

terrestrial fauna (Mulvaney 2010), possibly reflecting the rise of sea levels and the more recent 

exploitation of marine resources. Mulvaney (2010) has attributed some tortoise images on the 

Burrup as late Pleistocene, suggesting that wetlands were present during the LGM. 

The encroaching coastline in the early Holocene bought with it a high diversity of coastal 

habitats, including mangrove forests, to the region and marine resources became a key 

component of forager diet (e.g. CALM 2005; Harris 1988; Lorblanchet and Jones 1979; 

Semeniuk et al. 1982; Veth et al. 2007). Molluscs and crustaceans occur in the inter-tidal zones 

and their importance as a food source for Aboriginal people is shown by the occurrence of large 

shell middens – largely Terebralia palustris and Anadara granosa – across the archipelago 

(Bradshaw 1995; Harris 1988; Lorblanchet and Jones 1979; McDonald and Berry 2016; 

Vinnicombe 1987). The distribution and abundance of fish shifts seasonally but it is a diverse 

resource which was collected through stone weirs in tidal zones and with spears, fishing lines 

and fibre nets (Curr 1886:299; Gregory and Gregory 1884:58, 73; King 1827:43; Vinnicombe 

1987; Withnell 1901:21–22). Larger marine animals including dugong and turtles provided an 

important resource during summer months (CALM 2005; King 1827; Stow 1981).  

SUMMARY  

Today, the Burrup contains extensive terrestrial and marine resources. However, during the 

LGM, the Dampier Ranges were some 160 km from the coast and formed tall rocky ranges 

amongst flat open plains. The current diversity of plant, animal, tool-stone and water resources 

on the Burrup allows for speculation that this region contained enough resources to sustain 

human populations through adverse climatic conditions in the Pleistocene. Water retention 

rates are higher on the Burrup than surrounding areas, although precipitation – critical for 

sustaining human populations – clearly fluctuated through time. However, until recently, no 

clear evidence for Pleistocene occupation on the Dampier Archipelago existed. Recent 

excavation of Murujuga Rockshelter on the Burrup Peninsula demonstrates that foragers began 

to visit these ranges during the LGM and through to the Holocene (McDonald et al. 2018a). 
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This excavation, and the stone assemblage recovered from the rockshelter deposit, is the focus 

of the remainder of this chapter.  

EXCAVATION  

Murujuga Rockshelter is the largest known rockshelter on the Dampier Archipelago, measuring 

17 m by 4.8 m and a maximum of 2.5 m high at the dripline (Figure 9.5). It is formed by an 

overhanging granite block creating a shaded ledge on the upper south side of a valley in the 

southern end of the Burrup Peninsula – approximately 1 km from the current shoreline.  

 

Figure 9.5. View northeast towards Murujuga Rockshelter.  

After its initial rediscovery in 1993 a single 1 m x 1 m test pit was excavated in 2014 by UWA 

with support from RTIO and MAC. A fragment of Terebralia sp. shell located 10 cm below 

the surface (SQ A6 XU 3) was radiocarbon dated to 7,800 – 7,644 BP (WK-41847, see Table 

9.2). Further excavation of the site was undertaken in July 2015 as part of the Murujuga: 

Dynamics of the Dreaming ARC Linkage Project (McDonald et al. 2018a). 
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Detailed descriptions of the 2014 and 2015 excavations are provided in McDonald et al. 

(2018a) and summarised here. Three 1 m x 1 m squares were excavated to bedrock (Figure 

9.6). Sediment was removed in 2–5 cm excavation units (XUs) within stratigraphic units (SUs) 

using trowels and brushes, and sieved through nested 5 mm and 2 mm mesh. Hammers and 

chisels were used to excavate hard clay deposit at the base of the squares. Cultural material was 

either recorded in situ or collected at the sieves. Munsell and pH were recorded and a c.100 g 

sediment sample collected for each XU.  

 

 

Figure 9.6. Murujuga Rockshelter site plan showing location of excavated squares.  
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STRATIGRAPHY AND SITE FORMATION 

Four stratigraphic units were identified (Figure 9.7, McDonald et al. 2018a). These vary only 

slightly in colour and became increasingly compact towards bedrock. Sedimentological 

analyses undertaken include particle size distribution, element distribution, general mineral 

composition, soil pH, electric conductivity and magnetic susceptibility (Table 9.2, McDonald 

et al. 2018a). These showed that the deposit is relatively uniform in nature with colour variation 

most probably reflecting post-depositional changes. Deposit was formed through generally 

consistent and steady accumulation of wind-blown silts and fine sands and water-lain medium 

coarse sands (McDonald et al. 2018a). Sediments were semi-angular and poorly sorted 

indicating minimal transport from surrounding granite and granodiorite rocks. Very low lead 

levels and the fineness of sediments also indicate the source material was most likely 

granophyre rock in the vicinity as well as granite roof fall. A slight increase in magnetic 

susceptibility at the surface of the rockshelter sediments indicate stable surface conditions over 

a long period of time (hundreds or thousands of years) and suggests, together with the 

Terebralia shell fragment, that humans have not used the shelter in the recent past (McDonald 

et al. 2018a). 

 

Figure 9.7. Murujuga Rockshelter south section SQs A5-B5 (from McDonald et al 2018:271).  
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CHRONOLOGY 

In addition to the Terebralia shell fragment found near the surface (Square A6 XU 3), two 

small fragments of charcoal also in XU 3 were submitted for dating in 2014. These charcoal 

pieces returned much younger and apparently anomalous dates to the Terebralia fragment 

(Table 9.2). Subsequent excavation in 2015 showed the presence of multiple charred roots in 

the upper deposit which indicates a possible intrusive origin of these two samples. No other 

charcoal was found in the deposit.  

Table 9.2 Murujuga Rockshelter radiocarbon dating results (from McDonald et al. 2018: 273). 

Lab. code Sample 
context 

Sample 
weight 
(g) 

Dating 
method 

Pre-treatment 
method 

Material- 
species 

14C age - 
uncalibrated 

Standard 
error 

Wk-41847 Sq. A6 
XU3 

0.38 AMS Acid wash (0.1M HCl)  Shell 
Terebralia 

7316 20 

Wk-41848 Sq. A6 
XU3 

0.02 AMS Acid-base-acid Charcoal - 
Ficus? 

979 20 

Wk-41849 Sq. A6 
XU8 

0.02 AMS Acid-base-acid Charcoal - 
Ficus? 

1753 20 

 

During the 2015 excavation, five sediment samples for OSL dating were collected from the 

wall of SQ A6 and submitted to the Oxford Luminescence Dating laboratory. Sample 

preparation and analysis is detailed in McDonald et al. (2018a) and the results are shown in 

Table 9.3 below.   
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Table 9.3. Summary of the Murujuga Rockshelter optical dating results and final age estimates (from McDonald 
et al. 2018: 274). 

Lab code SU Depth 
below 
datum 
(cm) 

U (ppm) Th 
(ppm) 

K (%) Total 
dose rate 
(Gy/ka) b 

Accepted / 
measured 
De values c 

Over-
dispersion 
(%) d 

Equivalent 
dose (De) 
(Gy) e 

Age 
(ka) f 

L010OSL5 
a 

2 21.5 2.4 ± 
0.24 

14.5 ± 
1.45 

6.7 ± 
0.67 

5.53 ± 
0.70 

120 / 200 73 ± 7.5 16.6 ±.1.08 3.0 ± 
0.43 

(rock) 
  

4.2 ± 
0.42 

19.9 ± 
1.99 

11.0 ± 
1.1 

     

L010OSL4 2 32.5 6.4 ± 
0.64 

15.5 ± 
1.6 

2.5 ± 
0.25 

4.76 ± 
0.34 

104 / 200 39 ± 4.0 52.0 ± 1.96 10.9 ± 
0.88 

L010OSL3 3 50.5 5.8 ± 
0.58 

14.7 ± 
1.5 

2.2 ± 
0.22 

4.32 ± 
0.30 

85 / 200 39 ± 4.2 66.0 ± 2.75 15.3 ± 
1.23 

L010OSL2 3 61.5 6.8 ± 
0.68 

15.6 ± 
1.6 

2.5 ± 
0.25 

4.83 ± 
0.33 

91 / 200 38 ± 4.2 81.9 ± 3.54 16.9 ± 
1.38 

L010OSL1 4 76.5 8.0 ± 0.8 18.6 ± 
1.9 

1.5 ± 
0.15 

4.9 ± 0.29 70/ 200 39 ± 4.4 94.8 ± 4.60 21.5 ± 
1.75 

 

a Dose rates for L010OSL5 are calculated as sediment as 70% by volume and 30% rock. 
b Water content were estimated at 7.5% expressed as % of dry sediment mass. 
c Number of De measurements that passed the SAR quality assurance criteria/total number of grains analysed. 
d The relative spread in the De dataset beyond that associated with the measurement uncertainties for individual De values, calculated using the central age model 
of Galbraith et al. (1999). 
e Mean ± total uncertainty (68% confidence interval), calculated as the quadratic sum of the random and systematic uncertainties. 
f Total uncertainty includes a systematic component of ±2% associated with laboratory beta-source calibration. 
 

 

BAYESIAN MODEL 

A Bayesian chronological analysis was constructed by Kane Ditchfield using the radiocarbon 

and OSL determinations in their depositional order between two boundaries (representing the 

top and base of the deposit) because of the absence of clear sedimentary breaks in the deposit 

(McDonald et al. 2018a). The SHCal 13 curve (Hogg 2013) was used for charcoal dates and 

the Marine13 curve (Reimer et al. 2013) was used for the shell date. Marine reservoir correction 

(ΔR) followed (O'Connor et al. 2010). A General t-type Outlier Model was inset into the 

Sequence model to assess the likelihood of a sample being an outlier (Bronk Ramsey 2009b).  

The first run of the model returned two major outliers – the two charcoal samples from A6 

(Wk-41848 and Wk-41849, McDonald et al. 2018a). These dates were removed and the 

analysis re-run. The second model showed high A-index results (A-model = 105.4, A-overall 

= 104), high convergence (>95) and no outliers (Figure 9.8). The model estimates continuous 

deposition over a period of 24,230 years. The age discrepancy between OSL-5 and the 
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Terebralia date (Wk-41847) can be explained by the bioturbation of loose surface sediment, 

indicated by high over-dispersion values identified in the OSL analysis (McDonald et al. 

2018a). The Terebralia date is used as the most correct age range for the upper deposit and 

indicates that sedimentation rates decreased markedly after 7.7 ka.  

 

 

Figure 9.8. Murujuga Rockshelter Bayesian chronological model, excluding dates Wk-41848 and Wk-41849 
(from McDonald et al. 2018:275). The 68.2% and 95.4% error margins are indicated by black bars under each 
posterior age distribution. Light probability distributions show un-modelled dates, dark probability 
distributions show modelled dates. 

 

 

 



 

238 

 

 

CULTURAL MATERIAL  

A total of 1220 flaked stone artefacts were recovered during excavation. In addition, two basal 

grindstones were found in the deposit and six flaked stone artefacts were found on the ground 

surface inside the shelter. With the exception of the dated Terebralia spp. shell fragment and 

charcoal from modern tree roots, no organic material was identified in the deposit.  

STONE ARTEFACT ANALYSIS 

I undertook preliminary analysis of artefact discard rates, raw material use and assemblage 

composition as part of a paper to publish the results of this first rockshelter excavation on the 

Burrup (McDonald et al. 2018a). The analysis is expanded on here.  

In the absence of distinctive sediment units and as sediment deposition appears relatively 

uniform and consistent through time, the assemblage was split into four analytical units (AUs) 

based on an age-depth curve using Bayesian OSL and radiocarbon modelled dates (Figure 9.9 

and Figure 9.10).  Each AU roughly corresponds to a broad environment phase. These are 

broad, time-averaged units, so multiple occupations are undoubtedly conflated together, and 

intra-AU variability is likely. This does not, however, negate the larger-scale patterns of inter-

AU variability. This is the most appropriate and meaningful framework for answering 

questions on long-term behavioural responses to palaeoenvironmental change at Murujuga 

Rockshelter. Table 9.4 shows the 94.5% age ranges for each AU. Most age ranges are large 

with considerable overlap. Date ranges discussed in the text use the modelled mean value at 

94.5% extrapolated from upper and lower age ranges on the age-depth graph.  
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Table 9.4. Murujuga Rockshelter analytical units and age ranges from Bayesian analysis. The mean modelled 
95.4% dates are used in the remainder of the chapter. * using mean Bayesian modelled age AU boundary. 

AU Period Mean modelled 
95.4% (cal ka BP) 

95.4% 
probability 
lower range (cal 
ka BP) 

95.4% 
probability 
upper range 
(cal ka BP) 

Modelled 
age range 

Rate of 
sedimentation (cm) 
per 100 years* 

1 Islandisation ≤9 9.5–0.5 7.5 9000 0.25 

2 P/H transition 14–9 15.5–11 9.5–8.5 5000 0.40 

3 Climatic amelioration 18–14 20.5–15 15.5–11 4000 0.51 

4 LGM/post-LGM 20.9–18 24.2–17.7 20.5–15 6600 0.20 

 

 

Figure 9.9.  Murujuga Rockshelter age-depth curve showing AUs correlated with OSL dates and Bayesian 
modelling (black line is mean age; dashed lines denote upper and lower 95.4% age ranges). The orange line 
signifies the depth of the lowest artefacts found in the deposit (SQ A5 XU 22 base). 
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Figure 9.10. Murujuga Rockshelter stone artefact discard rate (adjusted per kilogram sediment) for all squares.  

ARTEFACT DISCARD RATES 

The lowest five artefacts in the deposit (SQ A5 XU 22, XU base depth 74.7 cm bd) are at the 

level of OSL-1 and indicate that the site was first visited around 20.9 cal ka BP (mean modelled 

Bayesian age, Figure 9.9 and Figure 9.10). Artefact discard rates are lowest during this early 

phase and steadily increase through time until after 7,720 cal BP (when the Terebralia shell 

was deposited at the site), when they drop off completely (Table 9.5).  

Table 9.5. Murujuga Rockshelter artefact discard rates across units (n=1220).  

AU Age range 
(cal ka BP) 

Artefact 
count 

NAS: MNA 
ratio 

Artefacts per millennium Artefacts per cubic m  

1 ≤9 238 1.3 26 - 159 488 

2 14–9 606 1.4 121 975 

3 18–14 338 1.4 85 445 

4 20.9–18 38 1.6 6 267 
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RAW MATERIAL SELECTION 

The dominant raw materials worked at Murujuga Rockshelter, accounting for over 90% of all 

artefacts, are locally available medium-grained (MGG, n=934, 76.6%) and fine-grained 

granophyre (FGG, n=170, 13.9%, Figure 9.11). Granophyre is locally available around the 

rockshelter as smaller cobbles and large boulders, many of which have evidence of quarrying 

in the form of negative flake scars (Figure 9.12). Proportions of local granophyre increase 

significantly through time (χ2 (1) = 44.32, p = <0.01) as non-locally sourced lithologies become 

less common (Figure 9.11). Non-local chalcedony (n=31, 2.5%) and chert (n=10, 0.8%), while 

recovered in much smaller numbers, are only found prior to 9 ka. Some of the chert and 

chalcedony is of low quality as indicated by the presence of inclusions and fractures within the 

rock structure of some artefacts (Figure 9.13). Chert and chalcedony may have been sourced 

from what is now the mainland, 10-12 km away. These distances still lie within a typical daily 

foraging roundtrip (15-30 km) of a hunter-gatherer group as documented in modern 

ethnography (Binford 2001; Kelly 2007). However, accessing these sources requires higher 

time-investment and transport cost than granophyre. Other materials identified at Murujuga 

Rockshelter (Figure 9.11) include quartz (n=68, 5.6%) and other igneous (n=7, 0.6%). The 

nearest sources for these materials are unknown.  

 

Figure 9.11. Percentage of raw material type across AUs at Murujuga Rockshelter (blue: non-local materials, 
orange: local materials, grey: unknown). Raw artefact frequencies are listed in bars.  
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Figure 9.12. Quarried granophyre boulder immediately to the left of Murujuga Rockshelter (scale=10cm). 

 

Figure 9.13. Murujuga Rockshelter chalcedony fragment (left) ventral and (right) dorsal with internal inclusions 
and dorsal cortex (MR1A515A048). 

Raw material diversity (raw material classes/sample size, Clarkson 2007) plotted against 

artefact discard shows that the lowest artefact discard rates and the highest raw material 

diversity occurs during the earliest occupation of the rockshelter between 20.9 -18 cal ka BP 

(Figure 9.14). This could be interpreted to suggest that foragers visited a greater range of 

patches (a discrete, localised concentration of resources) while travelling to and from Murujuga 

Rockshelter during early visits and that they had a higher foraging range during this early phase 

of occupation. However, this is still hypothetical as source locations for chert, chalcedony, 

quartz and igneous artefacts are currently unknown.  
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Figure 9.14. Raw material diversity across AUs against artefact discard at Murujuga Rockshelter.  

 

Most granophyre artefacts do not have any cortex (Table 9.6). This is initially surprising 

because raw material sources are only several metres away from the rockshelter, and quarry 

assemblages typically have high frequencies of cortex during material extraction. Many 

nodules and flakes were probably quarried from nearby large boulders (Figure 9.12), an activity 

that results in a loss of gradual loss of outcrop cortex over time (Ditchfield 2016a). In these 

cases, it might be difficult to distinguish whether a large flaked dorsal surface is the result of a 

previous flake removal off the nodule or whether it was removed when the nodule was still 

attached to a larger boulder. However, all except for one granophyre core has remnant cortex, 

suggesting that they were obtained from sources with cortex. Very low frequencies of artefacts 

with remnant cortex could also reflect high reduction intensity, removal of cortical artefacts 

out of the site, or partially cortical nodule transport. These factors are examined below. Flakes 

made on non-local chalcedony exhibit higher proportions of cortex (n=7, 50%) than flakes 

made on granophyre. Six of the eight chert and chalcedony flakes with cortex have a maximum 

dimension equal to or less than 2 cm. This suggests that the nodules that chert and chalcedony 

flakes were removed from were small, or alternatively, or that these small flakes were removed 

early on in the reduction sequence.  
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Table 9.6. Cortex type by percentage of complete flake (≥10 mm) and core assemblage at Murujuga 
Rockshelter.  

AU Age range 
(cal ka BP) 

Riverine cortex Non-riverine 
cortex 

Weathered/ 
heat 
fractured 

No cortex 

 FGG MGG FGG MGG FGG MG
G 

FGG MGG 

1 ≤9 0 0 25 8.9 0 11.3 75 79.8 

2 14–9 0 0.4 0 12.0 5.1 7.2 94.9 80.5 

3 18–14 0 0 7.4 7.1 11.1 15.9 81.5 77 

4 20.9–18 0 0 0 0 0 10 100 90 

Total of cortical assemblage 0 0.2 0 9.8 0 10.2 89 79.7 

 

ASSEMBLAGE COMPOSITION 

Cores and core fragments (n=18, 1.5%) were rarely discarded on-site. No cores were left at the 

rockshelter between 20.9–17.8 cal ka BP. Quartz nodules were often reduced using bipolar 

technique, which is a common technique for reducing the fragmentation of small quartz 

nodules during knapping (de Lombera-Hermida and Rodríguez-Rellán 2016). A black quartz 

manuport (MR1A520A015, Figure 9.15) was deposited at the site some 19,000 years ago 

(approximate age extrapolated from Bayesian age-depth graph). Its rare black colour is most 

likely the result of long-term exposure (over a period of c. 3.5–4 billion years) to a radiation 

source (e.g. thorium) such as might occur at an Archean granite/granophyre unconformity, 

which is found on Enderby and Rosemary Islands (R. John Reeve pers. comm. 2017, Hickman 

2001). Several surface conchoidal and other fracture features on this piece were 

microscopically inspected but it was not possible to determine whether they are the result of 

deliberate flaking or use (B. Stephenson pers. comm. 2016). The presence of a rare black quartz 

manuport dating to the Pleistocene is unique and intriguing and the significance of this item is 

examined further below. 
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Table 9.7. Murujuga Rockshelter stone artefact type from all squares (n=1220) and two grindstone bases.  

 
AU 

Age 
range 
(cal ka 
BP) 

Complete 
flake 

Debitage Core & 
core 
fragment 

Bipolar 
core/flake 

Retouched 
artefact 

Used 
flake 

Grindstone  Manuport Total 

1 ≤9 91 84 3 1 1 2 1   183 

2 14–9 338 299 11 9 4 10 1 
 

672 

3 18–14 171 138 3 8 2 7     329 

4 20.9–18 18 18 
   

1 
 

1 38 

Total 618 539 17 18 7 20 2 1 1222 

 

 

 Figure 9.15. Black quartz manuport at Murujuga Rockshelter (MR1A520A015).  

In addition to the flaked stone artefacts, two large granophyre grindstones were uncovered 

during excavation in SQ A5 XU 7 (GSB1) and SQ B5 XU4 (GSB2). The age-depth graph 

indicates that they were most likely deposited at the site sometime between 11–8 cal ka BP 

(GS1, AU2) and after 7.7 cal ka BP (GS2, AU1). Grindstone GSB1 measures 

56.5 cm x 26.7 cm x 10.7 cm and is ground on both sides of the slab (Figure 9.16). The surface 

with the most intensively ground area (approximately half of the total available surface area) 

was recovered lying face down in the deposit, an action interpreted to indicate the users concern 

for protecting the ground surface and their intention to return to the site (Pitman and Wallis 

2012). The ground surface measured 40 cm x 15 cm and was flat, smooth and pecked in 

patches. The second ground surface only represents c. 10% (13 cm x 6 cm) of the available 
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surface. In addition to this smooth ground area, several distinct areas of pecking are visible, 

possibly representing anvil use. Grindstone GSB2 measures 43 cm x 22 cm x 9 cm and has one 

ground surface which is flat, smooth and pecked in places (Figure 9.17).  

No use-wear or residue analysis was undertaken on these grindstones as they were returned to 

the deposit during backfilling at the request of MAC traditional custodians. However, their 

presence gives some indication of site activities beyond stone knapping, such as seed-grinding 

or processing of tubers, nuts, seeds, wood, bone, small animals, shell and ochre pigments 

(Fullagar et al. 2015; Fullagar et al. 2017; Pitman and Wallis 2012; Reynen and Morse 2016).  

  

Figure 9.16. Grindstone base in SQ A5 XU7 SU2 (l) during excavation and (r) the largest ground surface that was 
lying face down in the Murujuga Rockshelter deposit.  

  

Figure 9.17. In situ grindstone base in SQ B5 XU4 SU1 at Murujuga Rockshelter (scale=10 cm). 
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TOOL DISCARD  

Artefacts exhibiting evidence for retouch and use-wear (n=8) or just use-wear (n=19) make up 

2.2% of the total assemblage (Table 9.8). Proportionally more tools were discarded before 

14 ka, but this change is not marked. The low number of tools found at Murujuga Rockshelter 

reinforces the notion of very short-term site visits, where people did not spend enough time at 

the rockshelter to exhaust and discard many tools. Retouched tool ratios (Figure 9.18) indicate 

that there is proportionally more debris to tools in the assemblage in the more recent occupation 

phase (AU1, ≤9 cal ka BP) compared to previous occupations, suggesting longer duration visits 

in the Holocene.  

Table 9.8. Frequency of retouched tools and used flakes through time by number and percentage of total 
assemblage at Murujuga Rockshelter.  

AU Age range 
(cal ka BP) 

Retouched artefact 
No. (%) 

Used artefact 
No. (%) 

1 ≤9 1 (0.6) 2 (1.1) 

2 14–9 5 (0.7) 9 (1.3) 

3 18–14 2 (0.6) 7 (2.1) 

4 20.9–18 0 1 (2.6) 
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Figure 9.18 Tool discard ratios plotted against artefact discard per thousand years at Murujuga Rockshelter. Ratios are 

calculated for entire assemblage. 

ARTEFACT BREAKAGE  

The higher rate of artefact breakage observable in the earliest MGG assemblage (AU4, Table 

9.9) is most likely a reflection of small sample size (n=22) rather than an indication of intensive 

trampling or different technological practices such as the use of bipolar technique. No evidence 

for bipolar reduction of granophyre was identified. Similar frequencies of MGG broken flake 

types after 18 ka (χ2 (9) = 12.285, p = 0.401) indicate that no significant changes in the intensity 

of site use occurred through time. Breakage rates for the FGG assemblages are similar (Table 

9.10). 
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Table 9.9. Murujuga Rockshelter MGG flake breakage frequencies over time by percentage. 

AU Age range 
(cal ka BP) 

CF LBF TBF Other broken flake 

1 ≤9 55.5 28.4 8.7 7.3 

2 14–9 54 24.2 11.3 10.5 

3 18–14 56 21.5 11 11.5 

4 20.9–18 45.5 18.2 9.1 27.3 

 

Table 9.10. Murujuga Rockshelter FGG flake breakage frequencies over time by percentage. 

AU Age range 
(cal ka BP) 

CF LBF TBF Other broken flake 

1 ≤9 100 0 0 0 

2 14–9 41.7 25 14.6 18.8 

3 18–14 57.4 23.4 19.1 0 

4 20.9–18 75 25 0 0 

ARTEFACT TRANSPORT 

Very low frequencies of granophyre artefacts with remnant cortex might reflect the removal of 

cortical artefacts out of the site or partially cortical core transport. High MGG flake to core 

ratios (Table 9.11) indicate either intensive on-site knapping and/or the transport of cores away 

from the rockshelter. Core/s were certainly transported away from the site during the earliest 

phase of occupation. The volume of flakes is too high to have been removed from a single 

nodule during each phase. Given that tool-stone sources are located immediately next to the 

rockshelter – on the same ledge – it is probable that tool-stone was transported away from the 

site in the form of nodules and possibly flakes. A small chalcedony core and a small bipolar 

quartz core were discarded at the rockshelter between 14–9 cal ka BP. This suggests that chert, 

chalcedony and quartz nodules may have been transported into the site, knapped, and then 

removed from the site during previous periods (AU3, AU4). However, the small area sampled 

during excavation (3 sq. m) may have influenced the low frequency of cores found at the site. 

While it is possible that cores were discarded in an unexcavated part of the shelter, the recovery 

of some cores in the excavation suggests that cores were not being deliberately cached in a 

specific part of the shelter.  
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The MGG non-cortical to cortical flake ratio is high through the sequence (Table 9.11). No 

temporal changes occur (χ2 (2) = 0.16, p = 0.923). The few highly cortical flakes discarded at 

the site are smaller than many partially cortical and non-cortical flakes (Table 9.12). This 

indicates that either the larger flakes were removed from the site, or that initial decortification 

did not take place at the site. Alternatively, as mentioned above, it is probable that at least some 

nodules did not have cortex to begin with.  

Table 9.11. Murujuga Rockshelter MGG MNF to core ratio (no cores were discarded in AU4) and non-cortical to 
cortical flake ratio. 

AU Age range 
(cal ka BP) 

MNF to core ratio Non-cortical to 
cortical flake ratio 

1 ≤9 55 3 

2 14–9 49 4 

3 18–14 78 3 

4 20.9–18 - - 

 

Table 9.12. Murujuga Rockshelter MGG flake diminution test. 

AU Age range 
(cal ka BP) 

0% (n) Surface area 
(mm2) 

1-50% (n) Surface area 
(mm2) 

51-100% (n) Surface area 
(mm2) 

1 ≤9 73 4.4 ± 6.5 13 7.5 ± 7.3 8 4.2 ± 2.7 

2 14–9 137 4.8 ± 5 24 9 ± 9.5 13 7.2 ± 8.1 

3 18–14 62 5.7 ± 5 10 14.2 ± 12.6 9 4.8 ± 3 

4 20.9–18 6 3.8 ± 3.1         

 

 

REDUCTION INTENSITY 

In this section I examine information about reduction extent from independent indictors on 

flakes and cores. 

UNMODIFIED COMPLETE FLAKES 

Figure 9.19 shows reduction attributes on unmodified complete MGG flakes. These discarded 

during all phases typically have low flake scar densities and few have flaked or facetted 

platforms or exhibit evidence for platform preparation. Results suggest then, that most flakes 
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were removed from cores during an early stage of reduction. However, the low numbers of 

flakes with cortex indicate that very few of these flakes were removed during initial core 

decortification. This suggests that cores were carried into the site having already been reduced 

elsewhere in the landscap, possibly at close-by quarrying places on the Burrup. No statistically 

significant temporal changes in MGG flake size are apparent but the ten MGG flakes deposited 

during the earliest occupation phase (AU4) are markedly smaller than other flakes. These flakes 

also have the highest median dorsal scar density and all but one have no cortex which suggests 

that they were removed during a later stage of reduction than flakes in all other phases.  

Only FGG flakes in phases AU2 and AU3 (Table 9.13) have sufficient sample sizes for 

statistical comparison. Mann Whitney U tests found no significant differences between the 

mass (U= 516.5, Z= 0.1304, p= 0.896) and surface area (U= 525, Z= 0.0196, p= 0.238) of FGG 

flakes discarded between 18–14 cal ka BP and 14–9 cal ka BP. FGG and MGG flakes discarded 

during each of these occupation phases are of similar size (AU3 mass U= 1279.5, Z= 1.2378, 

p= 0.216, surface area U= 1316, Z= 1.0435, p= 0.297, AU2 mass U= 4209.5, Z= 1.1558, p= 

0.248, surface area U= 4273, Z= 1.022, p= 0.307). This indicates that, although the number of 

MGG artefacts outweighs the FGG artefacts consistently through time, there are negligible 

differences between FGG and MGG flake size at the times of discard.  

Table 9.13. Changes in FGG flake (≥10 mm) reduction attributes through time at Murujuga Rockshelter. The 
three flakes from AU4 and four flakes from AU1 are not included here because of small sample sizes. Each 
column contains median and interquartile range unless otherwise stated. 

AU Age range 
(cal ka BP) 

n Surface 
area  

Mass  Platform area Flaked 
platforms 
n (%) 

Dorsal flake 
scar density  

Cortex n 
(%) 

Overhang 
removal  
n (%) 

2 14–9 39 2.5 ± 6.1 1.5 ± 7.5 61.6 ± 89.5 0 0.8 ± 1.4 1 (2.6) 17 (43.6) 

3 18–14 27 3.5 ± 3.7 2.3 ± 4.2 54.6 ± 114.9 1 (3.7) 0.7 ± 0.5 5 (18.5) 8 (29.6) 
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Figure 9.19. Changes in MGG flake (≥10 mm) reduction measures through time at Murujuga Rockshelter. Each 
column contains median and interquartile range unless otherwise stated. 
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No differences in dorsal scar density occur between FGG and MGG granophyre flakes 

discarded in AU3 (U= 1213, Z= 1.59, p= 0.111) but FGG flakes discarded between 14-9 ka 

have higher dorsal scar density values than MGG flakes (U= 3381.5, Z= 2.9, p= <0.05). This 

suggests that they were removed at a later stage in the reduction sequence than MGG during 

the same period. Indeed, nearly half of these FGG flakes exhibit overhang removal. Overall, 

however, MGG and FGG flakes discarded on-site were typically removed at early stages in the 

reduction sequence. This clearly relates to the proximity of nearby tool-stone sources which 

did not change over time, hence the lack of significant variation in reduction through the 

sequence.  

Sample sizes for chert, chalcedony and quartz flakes are too small for meaningful statistical 

testing, but flakes made on these materials are distinctly smaller than FGG and MGG flakes 

(Table 9.14). Differences in artefact size probably reflects distance to source and the size of the 

nodules transported into the site. Distinctly higher scar density values on chert and chalcedony 

flakes (Table 9.14) indicate that they were removed from more intensively reduced cores than 

granophyre flakes. Overhang removal is comparatively more common on chert and chalcedony 

flakes, suggesting efforts to strengthen platforms and control flake removals on nodules of 

these materials. Chert and chalcedony nodules were clearly carried into the site from greater 

distances and worked more intensively than granophyre nodules.  

Table 9.14. Reduction attributes on chalcedony, chert and quartz flakes (≥10 mm) discarded between 
18– 14 cal ka BP at Murujuga Rockshelter. Sample sizes for other AUs were too small for comparison. Each 
column contains median and interquartile range unless otherwise stated.  

Material n Surface area  Mass  Platform area Flaked 
platforms 
n (%) 

Dorsal flake 
scar density  

Cortex n 
(%) 

Overhang 
removal  
n (%) 

Chalcedony 9 1.4 ± 1.2 0.6 ± 0.9 29.4 ± 19.5 0 2.2 ± 1 5 (55.6) 6 (66.7) 

Chert 5 1.6 ± 1.7 0.5 ± 1.1 14 ± 18.7 0 2 ± 0.6 1 (20) 3 (60) 

Quartz 10 1.9 ± 1.8 2.2 ± 2.3 71.2 ± 85.2 0 1 ± 0.5 4 (40) 0 
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CORE REDUCTION 

Nine single platform cores (47.4%), six multi-platform cores (36.8%), a bi-polar quartz core 

and two core fragments (representing three core technologies) were discarded at Murujuga 

Rockshelter. The highest number of cores (n=11) were deposited between 14,000 and 9,000 

years ago (AU2, Table 9.15). Cores and core fragments were made on MGG (n=13, 73.7%), 

FGG (n=2, 11.1%), quartz (n=1, 5.5%) and chalcedony (n=2, 11.1%). Cortex is present on all 

but one FGG core and cores retained an estimated average of 35% of their cortical surfaces.  

Table 9.15. Frequency and percentage of core discard through time.  

AU Age range 
(cal ka BP) 

Core & core fragment 

# % 

1 ≤9 3 1.7 

2 14–9 11 1.6 

3 18–14 3 0.9 

4 20.9–18 0 0 

Total of assemblage 17 1.4 

 

 

Overall, granophyre cores have low SDI values (Figure 9.20) but there is marked variation in 

the size and reduction intensity of cores made on local material. Despite the abundance of 

granophyre around the rockshelter, two small chunky flakes were repurposed as cores. A small 

FGG flake core (52.5g) with two flake removals (SDI: 0.02,) was discarded between 

14– 9 cal ka BP and a larger MGG flake core (204.9 g) was left on-site in the early Holocene 

(<9 al ka BP, 8 flake scars, SDI 0.03). In contrast, four MGG cores discarded after 14 cal ka BP 

(AU2 and AU1) are much larger (>110 mm) and heavier (>450 g) than all other cores (Figure 

9.22). These large nodules were non-intensively reduced (median SDI: 0.013) and, given their 

size, were unlikely to have been transported over much distance across the steep and rocky 

Dampier Range.  

A small chalcedony core was discarded at the rockshelter between 14–9 cal ka BP (Figure 

9.21). Nine flakes were removed from two platforms. The core was probably discarded because 

it was becoming too small (10.9 g, 35.1 mm) for successful flake removal. It has a much higher 
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SDI than cores made on MGG, FGG and quartz (Figure 9.20). A small (24.8 g, 37.3 mm) 

bipolar quartz core was also discarded during this phase. These cores represent transported 

cores that were near the end of their use-lives and discarded on site. However, most of the 

granophyre cores were discarded at an early stage in the reduction sequence with plenty of use-

life remaining, which indicates that they were not transported over any great distance and 

therefore cannot be used as long-life artefacts to infer occupation duration. Core frequencies 

are too low for meaningful comparisons through time.  

 

Figure 9.20. Murujuga Rockshelter complete core scar density index (SDI). 

 

 

Figure 9.21. Small chalcedony core discarded between 14–9 cal ka BP at Murujuga Rockshelter (B5 XU7 A041). 
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Figure 9.22. Large single platform core from Murujuga Rockshelter showing (left) core platform and (right) 
striking face (MR1A66A001). 

 

FLAKE UTILITY AND STANDARDISATION 

Unmodified complete flakes with a maximum dimension of 20 mm or more were used to 

examine variation in flake blank morphology. Granophyre flakes discarded at Murujuga 

Rockshelter through all phases are typically short and squat, which reduces the amount of 

usable edge per unit weight (Figure 9.23 and Table 9.16). Edge length to mass index was 

calculated here using axial width rather than maximum width as maximum width was not 

recorded. This means that the estimation of edge length on some flakes is probably 

underestimated. However, this index is not compared between sites but used here as a 

comparative measure to assess relative flake efficiency. Very few elongated flakes were 

produced, and QCV values show no marked changes in variation in elongation through time. 

High QCV values show the variation in MGG flake size through time (Figure 9.24), with the 

exception of the six small flakes discarded during the earliest occupation phase. FGG flakes 

are typically less varied in size than MGG flakes.  
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Figure 9.23. MGG flake shape across occupation phases at Murujuga Rockshelter. Flake frequencies are listed 
in bars and CQV values are noted next to each bar. 

 

Table 9.16. Measures of MGG flake standardisation on all flakes ≥20 mm through time at Murujuga 
Rockshelter. Each column contains median and interquartile range unless otherwise stated. 

AU  Age range 
(cal ka BP) 

  Number Elongation Edge length to 
mass 

EPA Aberrant 
terminations % 

1 ≤9 93 1.1 ± 0.8 18.2 ± 22.1 70 ± 18 41 (44.1) 

2 14–9 174 1.1 ± 0.7 19.9 ± 22.6 68 ± 16 96 (55.2) 

3 18–14 81 1.1 ± 0.87 15.8 ± 23.9 67 ± 17 46 (56.8) 

4 20.9–18 6 0.8 ± 0.7 21.8 ± 9.6 60 ± 7.5 4 (6.7) 

 

Table 9.17. Measures of FGG flake standardisation on all flakes ≥20 mm in AU2 and AU3 at Murujuga 
Rockshelter. Each column contains median and interquartile range unless otherwise stated. 

AU  Age range 
(cal ka BP) 

Number Elongation Edge length to 
mass 

EPA Aberrant 
terminations % 

2 14–9 23 1 ± 0.9 12.7 ± 18 72 ± 
17.5 

9 (39.1) 

3 18–14 19 1.3 ± 0.7 19 ± 14.2 71 ± 19 13 (68.4) 
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Figure 9.24. Variation in MGG (blue) and FGG (grey) flake mass at Murujuga Rockshelter (≥20 mm flakes only). 
CQV values are noted above each box plot.  

 

Flakes made on all materials except for quartz predominantly have Hertzian initiations (Figure 

9.25), indicating hard hammer percussion. Quartz unsurprisingly has the highest number of flat 

or wedging initiations which were created through bidirectional force, a technique suited to 

working very small cores or materials which do not fracture conchoidally (de Lombera-

Hermida and Rodríguez-Rellán 2016; Hiscock 1988, 1996b). Bending initiations are most 

common on granophyre flakes (Figure 9.25). They occur when the fracture initiates behind the 

point of percussion and blows are placed relatively far in from the core edge (Pelcin 

1997c:1111). This could indicate that comparatively more force was applied to remove flakes 

from granophyre nodules. Aberrant terminations are most common on granophyre flakes. Flake 

platform thickness is related to termination type (Pelcin 1997c) with a Mann Whitney U test 

indicating a significant difference in MGG flake platform thickness (U= 55678, Z= 4.2403, p= 

<0.05) between feather (n=412, median 4.6 ± 4 mm) and aberrant terminations (n=330, median 
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5.6 ± 5.4 mm). FGG flakes discarded between 18-14 ka are more elongated and less varied in 

size than those discarded after this time (AU2: 14-9 ka) but more frequently have aberrant 

terminations.  

There appears, perhaps not surprisingly, to have been little concern for creating thin and high 

utility granophyre flakes or for conserving material. However, large squat flakes (Figure 9.26) 

were perfectly suitable for many tasks, including those requiring expedient use of a sharp edge 

on a single occasion. This casual reduction strategy is expected in a landscape of abundantly 

available material. The four chalcedony flakes with a maximum dimension over 20 mm have 

a higher median edge length to mass utility (42.5 ± 30.9 mm) than granophyre flakes. Although 

this sample is admittedly small, it is again suggestive of different strategies used to reduce this 

non-local material. Chert and chalcedony flakes contain higher frequencies of Hertzian 

initiations (Figure 9.25) and feather terminations (chalcedony: 57.1%, chert: 80%) than flakes 

made on any other material. This, together with the evidence for more intensive reduction of 

these nodules, indicates more care taken to control flake removals and extend utility.  

 

Figure 9.25. Initiation types on all unmodified complete flakes at Murujuga Rockshelter. Flake frequencies are 
listed in bars.    
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Figure 9.26. Selection of typical MGG flakes at Murujuga Rockshelter: ventral and dorsal (i) & (iv) 
MR1A520A003, (ii) & (v) MR1A520A005, (iii) & (vi) MR1A520A007. 

 

TOOL USE 

A range of materials were selected for tool use: most commonly MGG (n=13, 48.1%), followed 

by FGG (n=9, 33.3%), chalcedony (n=4, 14.8%) and chert (n=1, 3.7%). With the exception of 

a MGG scraper (MR1B56A003, Figure 9.34, see below), all retouched artefacts (n=8) were 

only lightly reworked, exhibiting either unifacial scalar or notched retouch along their dorsal 

lateral or distal margins (Figure 9.27). Notches were found on two flakes, one of which was on 

the upper margin of a small used chalcedony flake (Figure 9.32) suggesting it may have been 

created to aid in hafting. The intensity of retouch was low on all complete retouched flakes 

(n=5) as gauged by the Index of Invasiveness (mean: 0.0937) and the GIUR (mean: 0.436 on 

four flakes with dorsal retouch). Only 34 (2.8%) small (<10 mm) flakes were found in the 

deposit, reaffirming that tool resharpening was not commonly undertaken at the site. 
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Figure 9.27. Representations of retouch location recorded across 16 segments for modified complete flakes at 
Murujuga Rockshelter (n=5).  

Elongate and long MGG flakes were typically selected for tool use (Figure 9.28). The six 

complete retouched or used MGG flakes have noticeably larger median platform surface areas 

and mass than complete unmodified flakes (Figure 9.29). Although this is a very small sample, 

it indicates that larger flakes were selected for use (a Pearson correlation coefficient shows a 

positive correlation between unmodified MGG platform surface area and flake mass (r= 0.504, 

n= 473, p= <0.05).  

 

Figure 9.28. Comparison of morphology of MGG retouched and used flakes and unmodified flake blanks at 
Murujuga Rockshelter. Flake frequencies are listed in bars.    
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Figure 9.29. Mass (g) of complete retouched and used MGG flakes (blue) and unmodified MGG flakes (grey) at 
Murujuga Rockshelter.  

 

Stephenson (2016) undertook microscopic investigation on a sample of 34 artefacts with 

potential use-wear (methods and analysis detailed in McDonald et al. 2018a and Stephenson 

2016). She was able to assign activity tasks to 20 tools at Murujuga Rockshelter, including 

plant working (35%), animal working (45%), and a mixture of plant and animal working (20%, 

Figure 9.30). Tasks associated with animal processing were frequently seen during the period 

of climatic amelioration (18–14 cal ka BP, AU3) whilst plant working was commonly observed 

between 14–9 cal ka BP (AU2). No identifiable residues and/or tasks were identified in the 

smaller sample of artefacts from the LGM/post LGM unit (AU4).  Stephenson noted that the 

absence of residues on many used artefacts may relate to preservation (McDonald et al. 2018a). 

The MGG scraper (MR1B56A003) was the most heavily reworked at the site, exhibiting edge 

rejuvenation around approximately 35% of its margin (Figure 9.34). Low polish and plant 

residue, consisting of woody tissue, wood fibres, plant fibres and elongated phytoliths were 

identified on its edges indicating that it was likely used for wood-working/plant processing. 

This study shows that the tools discarded at the shelter were used for a variety of different tasks 

that involved processing resources. It is notable that half of the artefacts with microscopic use-

wear were not retouched, demonstrating the common use of non-retouched artefacts.  
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Figure 9.30. Summary of retouched and used artefacts at Murujuga Rockshelter, including proposed activity 
assignment on 21 sampled artefacts (data from McDonald et al. 2018a). 

 

 

 

Figure 9.31. Scraper from Murujuga Rockshelter with (left) ventral and dorsal surfaces and (right) 110x 
magnification of left lateral margin showing bending flake scar, residue and polished areas (MR1B56A005, right 
image from Stephenson 2016:105). 
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Figure 9.32. Chalcedony tool from Murujuga Rockshelter: (A) ventral and dorsal, (B) close-up of notch on 
ventral at 55x magnification, (C) bending and step flake scars on working distal margin at 35x magnification 
(MR1B513A03). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9.34. Scraper from Murujuga Rockshelter showing (left) ventral and dorsal and (right) 205x 
magnification of right lateral margin showing low polish associated with bending flake scars (MR1B56A003, 
right image from Stephenson 2016:7).   

 

Figure 9.33. Chalcedony tool from Murujuga 
Rockshelter: (A) ventral and dorsal, (B) close-up of 
notch on ventral at 55x magnification, (C) bending 
and step flake scars on working distal margin at 
35x magnification (MR1B513A03).  
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DISCUSSION 

Murujuga Rockshelter is one of the only rockshelters located on the Dampier Ranges – and 

certainly the largest – and provides a shaded viewing point high up on a ridge with vistas over 

the surrounding ranges and coastal plains. It is not surprising then that the site was repeatedly 

visited for thousands of years. The overall low artefact density at this site indicates very short-

term and sporadic site visits. Quarrying marks on large granophyre boulders next to the shelter 

demonstrates that this shaded ledge functioned as a place for people to provision themselves 

with suitable tool-stone whilst briefly visiting the rockshelter. In his study of open site 

assemblages on the Burrup, Veth (1982) noted that FGG was significantly more commonly 

found at habitation sites than at smaller task-specific sites. Low proportions of FGG artefacts 

reinforce the notion of Murujuga Rockshelter functioning as a briefly visited locale rather than 

a central habitation site.  

SUMMARY OF THE LITHIC ANALYSIS 

The abundant local availability of granophyre around the rockshelter negated the need to 

intensively reduce or conserve this material. Most granophyre flakes knapped on-site do not 

display characteristics of late-stage core reduction and four large cores discarded at the shelter 

were clearly sourced in close proximity to the rockshelter. The other ten granophyre cores are 

smaller (all are under 10 cm in maximum dimension) but were also not intensively reduced 

(median SDI 0.03 ± 0.03). However, very low proportions of cortex in the assemblage indicates 

that core decortification was not typically undertaken at the shelter. This suggests then, that 

many cores were bought into the site from another place. High flake to core ratios, and the 

complete absence of cores in some phases demonstrate the removal of cores from the site. The 

large flakes quarried from nearby boulders were perhaps used immediately inside the 

rockshelter or were also transported out of the site.  

The discard of an intensively reduced chalcedony core on-site demonstrates transport of non-

local cores into the shelter. It is worth noting that five tools were made on non-local chert and 

chalcedony flakes that were transported into the site from at least 10–12 km away. The chert 

and chalcedony artefacts discarded at Murujuga Rockshelter required higher time-investment 
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and transport than granophyre but were also not always intensively conserved. The Murujuga 

Rockshelter lithic assemblage results are perhaps surprising as we would expect places of tool-

stone procurement to contain high frequencies of cortical flakes (from decortification to 

remove excess weight from nodules) and a higher frequency of cores. Perhaps the lack of these 

elements in the assemblage reflects the site’s primary function as a short-term rest stop – as 

one of the few large shaded shelters on the stony ranges – rather than a tool-stone quarry. 

Temporal patterns and shifts identified in the lithic assemblage at Murujuga Rockshelter are 

discussed below.
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 Figure 9.35. Murujuga Rockshelter cultural sequence summarising the main changes and trends.  

AU Age range 
(cal ka BP) 

Cultural material Artefacts per 
thousand 
years 

Main raw 
materials 

Artefact transport Reduction, flake 
utility and 
standardisation 

Occupation duration 
and frequency 

1 ≤9 183 flaked stone artefacts, including: 

- 3 cores/core fragments (1.6%) 

- 1 tool 

1 grindstone 

Terebralia shell fragment 

↓26 → Local 96.2% 
 
 
 

Predominately partially 
cortical cores, also 
small tools, possibly 
flakes 

Increased on-site 

reduction 

 

↑Longest 
duration visits 
↑Highest frequency of 
visits  
 

2 14–9 672 flaked stone artefacts, including: 

- 11 cores/core fragments (1.6%) 

- 14 tools 

1 grindstone 

↑121 ↑ Local 95.2% 
↓Non-local 
1.3% 
 

Predominately partially 
cortical cores, also 
small tools, possibly 
flakes 

 Short duration visits 
↑Higher frequency of 
visits  
 

3 18–14 329 flaked stone artefacts, including: 

- 3 cores/core fragments (0.9%) 

- 9 tools 

↑85 ↑ Local 80.2% 
↓Non-local 
8.6% 
 

Predominately partially 
cortical cores, also 
small tools, possibly 
flakes 

 Short duration visits, 
↑Higher frequency of 
visits  
 

4 20.9–18 38 flaked stone artefacts, including: 

- 1 tool 

- 1 manuport 

6 Local 71.1% 
Non-local 10.5% 
 

Predominately partially 
cortical cores, also 
small tools, possibly 
flakes 

 Short duration visits, 
Lowest frequency of 
visits  
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20.9–18 CAL KA BP (AU 4) 

Artefact discard rates indicate that people first visited Murujuga Rockshelter, albeit 

sporadically, during the LGM between 24.2–17.7 cal ka BP (mean modelled age 

20.9 cal ka BP). Evidence from Murujuga Rockshelter establishes the presence of groups on 

the Dampier Archipelago at a time when the ocean was over 150 km away and the rockshelter 

was located on a prominent range surrounded by open plains. This lends support to the notion 

of the Dampier Range, with its higher resource diversity and abundance than surrounding 

plains, functioning as a ‘refugia’ for populations during hyper-arid periods during the 

Pleistocene (Veth 1993, 1995). Further implications of this result are examined in Chapter 11.  

When the Dampier archipelago was an arid inland range, foragers visiting the site 

predominately made use of locally available material but also carried pieces of quartz and non-

local chert and chalcedony to the site. Artefact discard is low, yet raw material diversity is high 

compared with the terminal Pleistocene and early Holocene where artefact discard rates 

increase but raw material richness decreases. If raw material diversity reflects patch visitation 

(Clarkson 2007), then this suggests that people visited a wider range of patches while travelling 

to and from Murujuga Rockshelter during early site occupation and implies a greater foraging 

range during the LGM than later periods. This may have included a greater level of mobility 

distance, signalled by people circling beyond the granophyre ranges and across the open plains, 

but there is currently no other direct evidence for temporal changes in mobility from the 

Murujuga stone assemblage. Proportionally more tools were discarded at the site before 

14 cal ka BP, but this change is not marked, and sample sizes are too small to use this data for 

inferring behavioural changes. Material reduction did not vary markedly through time and is 

primarily influenced by raw material availability/distance to source.  

Increased information exchange and interaction between groups during this time may have 

been facilitated by shared cultural traditions or trade of rare or culturally significant objects. 

Indeed, rock art, such as the deeply weathered archaic faces found across the Burrup, is argued 

by some researchers (e.g. McDonald 2005; Mulvaney 2015) to represent distinctive Pleistocene 

art traditions stretching across the Australian arid and semi-arid zone. One item that provides 

a glimpse into Pleistocene social phenomena is the black quartz manuport discarded at the site 

between 21,500 and 16,000 years ago. Quartz is sometimes considered a “magical stone” that 

has and conveys magic or healing power for human groups all around the world because of its 
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shininess and whiteness (e.g. Berndt 1974:208; Berndt and Berndt 1945:56-57; Cowan 1992; 

Eliade 1965; Elkin 1977; McCarthy et al. 1946:74). Cane (1992) noted that unifacial points 

and ceremonial spear points which were attractively trimmed and fashioned for non-local and 

colourful raw materials were thought to have been used in sorcery in the Western Desert. He 

described an Aboriginal reference to a black chalcedony unifacial point used for ‘sorcery’ 

(Cane 1992:26). Although, like the rock itself, information on the symbolic qualities of black 

quartz is scarce and is probably group specific, the absence of modification on this item 

indicates it was carried around for reasons beyond utilitarian use. Perhaps it was imbued with 

cultural meaning or was a high-value exchange item (Gero 1989; Taçon 1991). Its presence in 

the rockshelter is significant as it offers an alternate insight into hunter-gatherer stone tool use. 

18–14 CAL KA BP (AU3) 

Artefact discard rates at Murujuga Rockshelter suggest that occupation increased in the post-

LGM period when precipitation slowly increased (Field et al. 2017; van der Kaars and De 

Deckker 2002; van der Kaars et al. 2006). There are, however, no concurrent changes in 

assemblage composition or stone reduction intensity, suggesting that increased artefact discard 

reflects more frequent visits rather than longer stays or larger groups. Chert, chalcedony and 

quartz continue to be carried into the site but in smaller quantities while use of local granophyre 

increases.  

14–9 CAL KA BP (AU2) 

By 14,000 years ago the summer monsoon reactivated in north-western Australia (Field et al. 

2017; van der Kaars and De Deckker 2002; van der Kaars et al. 2006) and by 10,000 years ago 

the coastline had reached the outer margins of the Dampier Ranges – soon to become the 

Dampier Archipelago – and was 38 km north of the rockshelter. Archaeological evidence from 

nearby Rosemary Island (Bradshaw 1995; McDonald and Berry 2016) as well as the 

Montebello Islands (Veth et al. 2007) and Barrow Island (Veth et al. 2017b) to the west 

indicates broad-spectrum marine and terrestrial resource economies by this time as well as 

other behaviours including art production and stone structure construction. Artefact discard 

rates at Murujuga Rockshelter increase again during this time. Given that artefact discard rates 

are still very low (121 lithics discarded per 1000 years), occupation durations likely remained 

very brief but become more frequent. Again, there are no changes in technological organisation 

to suggest longer visits during this time but the presence of a large grindstone base shows that 
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a wider range of activities beyond tool-stone procurement and reduction was occurring in the 

terminal Pleistocene.  

The most striking change in lithic technology is the decrease in the use of non-local chert and 

chalcedony through time. Chert and chalcedony discard rates at the site are very low and may 

be affected by small assemblage sample size during the earliest and latest phases of site 

occupation. However, the use of chert, chalcedony and quartz all decrease markedly through 

the four phases and do appear to represent a real trend. Raw material diversity decreases after 

14 cal ka BP against an increased frequency of site visits. Reduced use of chert, chalcedony 

and quartz may relate to changes in territory configurations and perhaps a decrease in mobility 

compared to earlier periods as resources became more predictable and abundant as climate 

ameliorated. They could also indicate that a change in mobility distance occurred from a wider 

range of movements across the open inland plains to target the coastline and its resources as 

sea levels rose. It is also possible that shifts in raw material use are not linked to environmental 

or economic factors but represent a change in cultural traditions maintained through social 

learning or other social phenomena (Perreault and Brantingham 2011). Or perhaps, as 

documented in ethnographic studies (e.g. Gould 1968; Tindale 1974), quarries were located on 

land that became territorially restricted to groups or people who visited Murujuga Rockshelter 

during different periods of time. Alternatively, sources of chert and chalcedony located closer 

to the rockshelter may have been submerged as sea levels rose, and therefore became no longer 

accessible to people visiting Murujuga Rockshelter. These are all plausible explanations for the 

shift in material use. 

≤ 9 CAL KA BP (AU1) 

Artefact discard rates at Murujuga Rockshelter are highest in the early Holocene as non-local 

materials disappear from the sequence, before they decrease sharply in line with rising sea 

levels which flooded the open plains approximately 8,000 years ago and created extensive 

mangrove forests (O'Connor 1999; Veth et al. 2007; Woodroffe et al. 1985). The presence of 

mangrove mollusc Terebralia spp. dated to 7700 cal BP in the original test excavation confirms 

the nearby presence of mangrove communities at this time. Islandisation was complete by 

around 6,000 years ago. This landscape transformation unquestionably had significant 

environmental as well as cultural impacts on the lives of the people visiting the rockshelter and 

would have involved shifts in the configuration of group territories, as well as changing tool-
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stone resource distributions. The appearance of large shell mound building around this time 

demonstrates intensive use of concentrated intertidal and marine resources in the region (Bird 

and Hallam 2006; Bradshaw 1995; McDonald and Berry 2016). Portable mangrove species 

such as the Terebralia spp. shell discarded at Murujuga Rockshelter between 7,800–7,644 

years ago were extensively exploited prior to a change c. 4,000 years ago when Anadara 

species became the shellfish of choice (Bradshaw 1995). Changing environments are reflected 

in the Dampier Archipelago rock art, where weathered engravings predominately depict 

terrestrial fauna and less weathered petroglyphs focus on marine resources (McDonald 2015; 

Mulvaney 2015). By the early 1800s, European accounts of Aboriginal people on the Dampier 

Archipelago point to variably-sized groups (e.g. observations of 14, 17, and >40 people) 

intensively exploiting marine and terrestrial resources and using water craft to reach offshore 

islands (Gregory and Gregory 1884; King 1827; Withnell 1901). Ecological theory predicts 

that humans adapt to more predictable and concentrated resources with increased territoriality 

and lower residential mobility, resulting in increased populations (Ambrose and Lorenz 1990; 

Binford 1980; Dyson-Hudson and Smith 1978; Kelly 1983, 2007; O'Connor et al. 1993; 

Winterhalder 2001). Use of places like Murujuga Rockshelter, located high on a rocky ridge 

and away from major water sources, decreased significantly or stopped completely as the 

landscape transformed. This indicates a reorganisation of land-use in which high rocky ranges 

were rarely, if at all, frequented after the switched economic focus to marine resources during 

the last 8,000 years.  

CHAPTER CONCLUSION 

The archaeological record from Murujuga Rockshelter demonstrates that site visits first 

occurred during the height of glacial aridity. Site visits are most frequent during the terminal 

Pleistocene and early Holocene and visits to the rockshelter within the last 8,000 years either 

decreased sharply or ceased completely. The lithic assemblage is primarily structured by the 

abundant availability of tool-stone. However, movement of cores (and probably flakes) in and 

out of the site is identifiable. Granophyre cores were probably sourced from close locations 

and most were left on site with plenty of use-life remaining. Smaller cores made on non-local 

materials were transported over comparatively greater distances. Again, this record not only 

demonstrates the effect of transport on assemblage formation but illustrates the manipulation 

of tool-stone resources across a resource-rich landscape through provisioning. It is the temporal 

shifts in raw material use that are most interesting. Understanding the driver/s behind this shift 



 

272 

 

in material use is complex, and several plausible environmental, economic and socio-cultural 

drivers have been explored. The results suggest flexible behavioural responses to significant 

climate and environmental change over the last 21,000 years. This may have included a change 

to lower residential mobility and higher logistical mobility after island formation in the early 

Holocene.  
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CHAPTER 10 YURLU KANKALA 
 

 

This chapter presents the Yurlu Kankala lithic analysis. The geological and environmental 

context of the site and surrounding country and the rockshelter excavation is described before 

presentation of the lithic analysis and a discussion and site summary. 

SITE CONTEXT 

Yurlu Kankala is located in Njamal traditional land in the north-eastern Pilbara uplands. The 

rockshelter is approximately 20 m from the top of a NE-SW banded iron-formation (BIF) ridge 

known as the Gorge Range (Figure 10.1) in the Abydos Plain.  

   

Figure 10.1. Location of Yurlu Kankala showing (l) landscape context with major water sources (ESRI aerial) and 
(r) geological context (Geological Survey of Western Australia 1990). Legend: green – basalt, massive and 
pillowed lavas and subvolcanic intrusions, blue – BIF and ferruginous chert, local banded quartz-magnetite-
grunerite metamorphosed rock, orange – sandstone with beds of conglomerate, metamorphosed siltstone and 
shale, yellow – quartz colluvium and gravel, brown – metamorphosed shale and minor siltstone. 
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LITHIC ENVIRONMENT 

The Abydos Plain comprises undulating Archaean (2500+ mya) granite and basaltic plains 

(Beard 1975). On its margin lies the Gorge Range, a steep, rough and abrupt range of Archaean 

and Lower Proterozoic rocks dissected by a number of rivers running through narrow gorges. 

Yurlu Kankala is situated on a narrow NE-SW ridge made up of banded iron-formation, 

ferruginous chert, sandstone, siltstone, shale, minor grey-white chert and metamorphosed felsic 

volcaniclastic rock (Figure 10.1, Geological Survey of Western Australia 1990). Basalt, 

dolerite and gabbro sills and other metamorphosed sedimentary rocks occur in geological 

formations within one km of the site. Lithologies identified at Yurlu Kankala are described in 

Table 10.1. Visual identification of materials is often difficult because many BIF, chert, 

chalcedony and siltstone pieces have banding or other inclusions. In these cases, the dominant 

material was used to categorise the artefact, and inclusions were noted. Sources for all materials 

are available within the local catchment, within a kilometre of the site. 

Table 10.1. Availability and brief description of lithologies identified at Yurlu Kankala (scale = 5 mm). 

Coarse-grained Igneous 

  
Available within 1 km.  
 
Could not be identified into 
subtypes without thin sectioning. 

Banded-iron formation (BIF) 

 
Widely available within 1 km. 
 
Iron-rich banded sediments. Distinctive 
banding and colour ranging from light 
mottled brown to very dark brown. 
Fracturing properties vary. Range of grain 
sizes and inclusions from coarse-grained 
ironstone rich pieces to fine-grained BIF-
chert varieties. 
 

Chalcedony 

 
Available within 1 km. 
 
Cryptocrystalline silica-rich rock. Range 
of textures and colours, some with 
inclusions or banding.  
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Chert 

 
Available within 1 km. 
 
Cryptocrystalline siliceous rock, 
wide variety of colours. Form and 
fracturing properties vary. Some 
with BIF or chalcedony inclusions. 

Crystal quartz 

  
Possibly available within 1 km. 
 
More homogenous internal structure 
than regular quartz.  
 

Dolerite 

 
 
Available within 1 km. 
 
Medium-grained subvolcanic rock. 
Fractures conchoidally.  

Ironstone 

  
Available within 1 km. 
 
Heavy and coarse-grained 
sedimentary rock. 

Quartz 

 
Widely available within 1 km. 
 
Hard, crystalline silica rich rock. Most 
artefacts are good quality with 
predictable internal structures which 
have fractured conchoidally. Some very 
small, low quality vein quartz gravels 
noted in deposit. 
 
 

Siltstone (silicified) 

 
Available within 1 km. 
 
Sedimentary rock that has been 
silicified metamorphically. Fine-
grained, fractures conchoidally. Often 
grading/inclusions of BIF, chert or 
chalcedony. Wide range of colours, 
often mottled. 

 

WATER SOURCES 

Average annual rainfall across the Abydos/Woodstock region is approximately 337 mm 

(Hillside Station 1917–2018, Bureau of Meteorology 2018a) but shows appreciable seasonal 

and annual variation (Figure 10.2). Most rainfall results from decaying summer cyclones 

moving south from the Indian Ocean in the January-March period: these feed the many water 

sources in the Gorge Range. Numerous waterholes occur within the large north-south aligned 

seasonal Six-Mile Creek located 1.1 km east of Yurlu Kankala. A permanent freshwater pool 

some 50 m long and 1 m deep is located in a smaller tributary which extends some 500 m 

southwest of the shelter (Figure 10.1). Ephemeral drainage lines form in gullies after rain.  



 

276 

 

Strelley Gorge and Strelley Pool (a substantial perennial waterhole fed by Six-Mile Creek) are 

located 1.4 and 3 km northeast of the site (Figure 10.1). The Shaw River is located 20 km east 

of the rockshelter. 

 

Figure 10.2. Average monthly rainfall from Hillside Station (1917–2018, 70 km southeast of Yurlu Kankala) and 
minimum and maximum temperatures at Nullagine (1897–2014, 130 km southeast of Yurlu Kankala, data from 
Bureau of Meteorology 2018a). 

 

PLANT AND ANIMAL RESOURCES 

A total of 263 discrete vascular flora taxa – representing 40 families and 112 genera – have 

been recorded in the Abydos Plain (Woodman Environmental Consulting 2012, 2013). 

Spinifex (Triodia spp.) hummock grasslands with widely spaced shrubs (Figure 10.3) are 

ubiquitous across the uplands and plains (Woodman Environmental Consulting 2012:5). Tree 

steppe (predominately Eucalyptus leucophloia, Triodia pungens, T. wiseana, Acacia spp.) 

occurs on the higher parts of the Gorge Range (Figure 10.3) with the lower slopes dominated 

by spinifex (T. pungens) and Acacia shrubs (A. bivenosa, A. pyrifolia, Beard 1975; McKenzie 
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et al. 2009; Pepper et al. 2013; van Vreeswyk et al. 2004; Woodman Environmental Consulting 

2012). The presence of hard woods like Acacia would have provided opportunities for the 

manufacture of wooden artefacts as well as food and firewood (Brown 1987:9; Clarke 2012). 

Resin can be extracted from spinifex to use as a fixing agent and spinifex and other grasses 

have been recorded as being used to make fibre in the region (see references within Hayes et 

al. 2018; Reynen and Morse 2016).  

 

Figure 10.3. View east towards Yurlu Kankala showing spinifex and scrub vegetation typical of the Gorge Range 
(photo by Kane Ditchfield).  

A faunal study (Outback Ecology Services 2012, 2013) identified 367 vertebrate species that 

may occur within the Abydos mine area, comprising 51 mammal species, 115 reptiles, 187 bird 

species, eight amphibians and six fish species. The steep-sided ridge (slopes >30% inclination) 

where Yurlu Kankala is located contains ironstone outcropping, boulders, rockshelters and 

crevices which provide habitats for the Pilbara olive python (Liasis olivaceus barroni), ghost 

bat (Macroderma gigas), Northern quoll (Dasyurus hallucatus) and the Pilbara leaf-nosed bat 

(Rhinonicteris aurantia, Outback Ecology Services 2013). The Western pebble-mound mouse 

(Pseudomys chapmani), Australian bustard (Ardeotis australis), red kangaroo (Macropus 

rufus), common wallaroo or euro (M. robustus), brush-tailed mulgara (Dasycercus blythi) and 

bush stone-curlew (Burhinus grallarius) have been recorded in the stony spinifex plains below 

these ridges (Outback Ecology Services 2012, 2013).  

During heritage survey work in the Abydos Plain I observed Njamal and Kariyarra Traditional 

Owners hunt and kill large goannas, bush turkeys and kangaroos, either by rifle or with stones 
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at close range. In addition, we caught fish by hand reel in the many rivers and water holes 

dotted across the plains. The water sources dotted across the Abydos Plain and the gorges of 

the Gorge Range are documented as containing significant stocks of fish and other freshwater 

fauna such as small crustaceans, turtles and mussels, which also provide a seasonally 

predictable source of food (Morgan et al. 2009, 2014a; Outback Ecology Services 2012, 2013; 

Reynen and Morse 2016).  

SUMMARY  

The Pilbara is listed as an important biological refuge in size and diversity (McKenzie et al. 

2009; Pepper et al. 2013). The Gorge Range exemplifies this. This ‘island of high land’ 

contains a diverse range of faunal and flora and numerous water sources. Seasonality is clearly 

an important factor in resource diversity, abundance and distribution. Many vegetation and 

faunal communities experience significant spatial and temporal variation in response to 

fluctuations in environmental parameters and habitat differences. Strongly seasonal 

environments are predictable on an inter-annual scale and therefore carry less risk than non-

seasonal environments (Burke et al. 2018). However, at a smaller scale (e.g. day-to-day 

survival), seasonal environments can also be unpredictable. Local palaeoenvironmental data is 

absent for this area. However, species diversity and richness were probably even higher prior 

to European settlement because of the impact of invasive flora and fauna after this time (van 

Vreeswyk et al. 2004).  

If past environment was similar to the present, then it is not difficult to imagine people 

continuously occupying this area through the Pleistocene. However, major climate change, 

such as occurred during the last glacial, would have significantly affected biodiversity, 

including alterations to hydrological regimes, which were fundamental to human settlement. 

The extent of decline in the availability of surface water depends on the condition of 

ecosystems and was probably less severe in the Gorge Range compared to the surrounding 

plains as the deep ranges and gorges helped to protect its numerous permanent and seasonal 

water sources from evaporation (Department of Conservation and Land Management 1999; 

Marwick 2002b). This upland clearly fits into the concept of a refuge (Veth 1989, 1993) with 

continued Aboriginal settlement during periods of lowered productivity of arid ecosystems. 

Chapter 2 detailed how hunter-gatherers might tackle both short-term and long-term 

fluctuations in resource abundance and distribution with strategic decisions such as changes to 
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technological strategies, diet breadth, occupation and landscape patterns, mobility and territory. 

Evidence for these changes at Yurlu Kankala are examined below.  

EXCAVATION 

Detailed descriptions of the 2013 and 2014 Yurlu Kankala excavations are provided in Morse 

et al. (2014) and Reynen et al. (2018) and summarised here.  

Six 1 m x 1 m squares and a 1 m x 0.5 m square, comprising 6.5 sq. m (6.1%) of the total 

surface area of the rockshelter (Figure 10.4 and Figure 10.5), were excavated in 2–5 cm 

excavation units (XUs) within identified stratigraphic units/features. Sediment was dry sieved 

through nested 1.5 mm, 3 mm and 6 mm mesh. All 3 mm and 6 mm materials were wet-sieved 

and sorted in the UWA archaeology laboratory. Depths up to 125 cm were excavated in squares 

1-4 and 9 while squares 2, 10 and 13 at the entrance and on the eastern side are only some 40-

70 cm deep.  

 

Figure 10.4. View southeast towards Yurlu Kankala during excavation from the northern entrance (photo by 
Kane Ditchfield). 
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Figure 10.5. Yurlu Kankala site plan (L, grey squares represent 2013 test pits), cross-section (R). 

 

STRATIGRAPHY AND SITE FORMATION  

The Yurlu Kankala deposit is mainly composed of geogenic materials (rocks, gravels, silts) 

that derive from in situ chemical weathering and physical breakdown of the surrounding BIF 

parent material. Six main stratigraphic units (units A, B, C, D, E, F, Table 10.2 and Figure 

10.5) were identified across the site. SUs B, D, E and F appear, for the most part, to have been 

deposited under similar sedimentary dynamics, i.e. natural cave wall breakdown and erosion. 

As shown in Figure 10.6, the sequence is most complete and complex in squares 1 and 4. 

Section drawings for other squares are in Appendix 5.  
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Table 10.2. Description of stratigraphic units at Yurlu Kankala. Not all units occur in each square and in some 
instances the boundaries between units are gradual, making identification of the distinction between them 
problematic. Taking plaster samples for micromorphology was attempted but unsuccessful because of the 
fine-grained nature of the sediment.  

SU Sediment description 

A Dark yellowish brown (10YR4/4) very loose silt/ decayed kangaroo scats. Dominated by biogenic remains 
(decomposed macropod coprolites, leaves, twigs, insect burrows and cocoons). In parts of the rockshelter A lies 
disconformably on top of units B and E 

B Strong brown (7.5YR4/6) rocky /gravelly layer (visible in SQs 1 and 4) 

C Very dark greyish brown/black (2.5Y3/2, 5YR2.5/1) gravelly silt. Contains such a high density of microcharcoal, 
charcoal, ash and organics that individual hearth features are difficult to identify. 

D Strong brown (7.5YR4/6) rocky/ gravelly layer (SQs 1 4, 9, 10) 

E Reddish brown (5YR4/4) rocky / gravelly layer 

F Yellowish red (5YR4/6) rocky / gravelly layer 

 

 

 

Figure 10.6. Yurlu Kankala sections squares 1 and 4 with 95.4% calibrated unmodeled age ranges. Underlined 
dates are samples collected in situ during excavation from the top of hearth features that are also visible in the 
section (CAD by Dorcas Vannieuwenhuyse).  
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CHRONOLOGY 

Yurlu Kankala is the most comprehensively dated of the three sites described here. This dated 

sequence, comprising 25 radiocarbon dates (Table 10.3), confirms the sites’ high stratigraphic 

integrity and fairly complete Pleistocene sequence (Figure 10.7).  

 

Figure 10.7. Yurlu Kankala squares 1 (green) and 4 (blue) age-depth graph showing stratigraphic integrity (unmodeled 

calibrated 95.4% age ranges). 
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Table 10.3. Yurlu Kankala radiocarbon dates (on charcoal). Dates calibrated using OxCal v. 4.3 (Bronk Ramsey 2008, 2009a) with SHcal13 curve (Hogg et al. 2013). No 
modelled probability age range is given for dates excluded from the model. *Because of the small size of the sample the Carbon-13 stable isotope value (δ¹³C) was 
measured on prepared graphite using the AMS spectrometer. The radiocarbon date has therefore been corrected for isotopic fractionation. However, the AMS-measured 
δ¹³C value can differ from the δ¹³C of the original material and it is therefore not shown. Hearths displaying a † are visible in Square 1-4 section. 

Lab code SQ XU SU Sampling details Context Depth below 
surface (cm) 

Method IRMS δ 13C 14C Unmodelled Calibrated 
Age BP (95.4 % Probability) 

Wk-40350 10 2 A Excavation in situ  Hearth 4.6 AMS * 219 ± 22 297–145 

Wk-45258 4 6 A Wall section in situ Intrusive feature in B 17 AMS * 894 ± 15 789–728 

Wk-37322 2 2 B1 Excavation in situ Scattered  19 AMS -25.2± 0.1% 1798 ± 25 1726–1592 

Wk-37323 2 5 B1 Excavation in situ Scattered  34.8 AMS -24.9± 0.1% 1905 ± 25 1875–1728 

Wk-40347 4 6 B2 Excavation in situ Scattered  20.1 AMS * 6756 ± 27 7657-7510 

Wk-45257 4 8 C Whole feature sampled Hearth† 25-30 AMS * 10,096 ± 33 11,766–11,350 

Wk-45255 9 7 C Wall section in situ Hearth 24.7 AMS * 12,221 ± 41 14,225–13,880 

Wk-37318 1 5 C Excavation in situ Hearth† 30.7 standard -26.2± 0.1% 12,406 ± 64 14,802–14,097 

Wk-37319 1 7 C Excavation in situ Hearth† 40 standard -23.7±0.1% 12,593 ± 56 15,141–14,427 

Wk-45253 13 5 C Whole feature sampled Hearth 23.7-29.2 AMS * 13,791 ± 49 16,876–16358 

Wk-40348 4 12 D Excavation in situ Scattered  52.1 AMS * 15,095 ± 45 18,462–18,089 

Wk-40349 4 13 E Excavation in situ Scattered  57.6 AMS * 15,402 ± 57 18,779–18,483 

Wk-40353 10 7 E Excavation in situ Hearth 36.3 AMS * 18,069 ± 62 22,067–21,595 

Wk-45256 9 14 E Wall section in situ Scattered  52.2 AMS * 18,490 ± 84 22,510–22,025 

Wk-38071 1 9 E Excavation in situ Hearth† 59.8 AMS -25.0± 0.2% 19,981 ± 72 24,240–23,746 

Wk-40351 4 16 E Excavation in situ Hearth† 73.8 AMS * 20,164 ± 79 24,428–23,943 

Wk-37320 1 11 E Excavation in situ Scattered  68.2 AMS -23.1± 0.1% 20,259 ± 95 24,545–24,009 

Wk-45254 9 17 E Excavation in situ Scattered  74.2 AMS * 25,318 ± 158 29,755–28,900 

Wk-40352 4 19 E Excavation in situ   Scattered  79 AMS * 27,622 ± 192 31,725–31,074 

Wk-38072 1 16 E Excavation in situ Scattered  85.6 AMS -24.3± 0.2% 29,531 ± 234 34,101–33,168 

Wk-40354 4 26 E Excavation in situ Scattered  105.5 AMS * 32,733 ± 345 37,952–35,900 

Wk-37321 1 20 F Excavation in situ Scattered  105.5 AMS -25.1± 0.1% 39,819 ± 711 44,830–42,500 

Wk-40355 4 28 F Excavation in situ Scattered  110.1 AMS * 40,346 ± 920 45,660–42,611 

Wk-38073 1 23 F Excavation in situ Hearth† 119.4 AMS -24.2± 0.2% 40,442 ± 906 45,704–42,682 

Wk-40356 4 31 F Excavation in situ Hearth† 124.6 AMS * 40,752 ± 957 46,102–42,799 
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BAYESIAN MODEL 

Bayesian analysis was undertaken to provide the most probable chronology for the site (Reynen 

et al. 2018). A contiguous multiphase model was selected with phases defined by stratigraphic 

units identified across the exposed stratigraphy. A double boundary was inserted between 

Phases SUs A and B to account for the disconformity in the sequence at the base of SU A. Each 

date was assigned a 5% probability of being an outlier (General t-type Outlier Model, Bronk 

Ramsey 2009b). The two dates obtained from Square 2 (Wk-37322 & Wk-37323) were 

manually removed because this square, located at the mouth of the rockshelter, shows intense 

post-depositional processes throughout the deposit. Wk-45258 (Square 4 SU B) was also 

removed from the analysis as it probably derives from a stratigraphic anomaly now considered 

to be intrusive (Figure 10.6) and is inconsistent with the rest of the sequence. The model (Figure 

10.8) returned high convergence values and high modelled Agreement Indices (Amodel=113, 

Aoverall=111.6), with all dates having a less than 5% chance of being outlier. 

Site formation was described in Reynen et al. (2018) and is summarised here. Sediment 

accumulation in the shelter commenced after 46,878–43,074 cal BP (SU F). Radiocarbon dates 

from charcoal on a hearth sitting on bedrock demonstrate the presence of people in the 

rockshelter by this time. While periods of stasis in sedimentation and episodes of rockfall are 

suggested by lines of gravels and stones, sediment accumulated steadily over the Pleistocene 

and was evidently not affected by major changes in local climate or environmental conditions 

that occurred over this period. SU D, 18.4 to 17.6 cal ka BP, is a rockier unit most clearly 

defined in squares 1 and 4. SU C, overlying SU D in squares 1, 3 and 4, was deposited between 

17.6 and 10 cal ka BP and indicates a change in sediment dynamics from geogenic sediment 

accumulation to mostly anthropogenic inputs. SU B was deposited between 10 and 

5.4 cal ka BP and is characterised by a return to more geogenic sediment accumulation. The 

most recent unit (A) lies unconformably on top of SUs B/C/D/E depending on the area of the 

shelter (Figure 10.6). SU A was probably deposited within the last few hundred or thousand 

years. The disconformity, and a lack of available charcoal for further dates, makes it difficult 

to identify the extent of site visits during the Holocene. The variable preservation of Holocene 

sediments at Yurlu Kankala (SUs B, A) can be linked to a variety of factors, including a slower 

sedimentation rate and increased erosion, indicating that the rockshelter reached an equilibrium 

in its capacity to retain sediment. A reduction in human occupation within the rockshelter 

during the Holocene, discussed below, has probably also contributed to this. 
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Figure 10.8. Yurlu Kankala Bayesian modelled results, excluding Wk-37322, Wk-37323 and Wk-45258. 
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HEARTHS 

Two types of hearths are identifiable in the Yurlu Kankala deposit (Reynen et al. 2018). Type 

A hearths are low investment combustion features defined by thin residues of ash and charcoal 

which are preserved by rapid sedimentation (Galanidou 2000; Whitau et al. 2017) and are found 

throughout most of the sequence, including during the LGM. A band of seven hearths c.60 cm 

below surface level in squares 1 and 4 are associated with the 24–23 cal ka BP dates (Figure 

10.6). A charcoal sample from another hearth located 5 m to the east of this area (Square 10, 

Wk-40353) provided a date of 22.5–22 cal ka BP. The presence of these small open-air hearths 

suggests short term, episodic rockshelter visits during the LGM. In contrast, SU C, deposited 

between 17.6–10 cal ka BP, is a Type C hearth feature (Whitau et al. 2017) made up of a 

palimpsest of combustion features combined with little geogenic sediment input. Repetitive 

mechanical disturbance (trampling, fire maintenance and cleaning) has made the initial shape 

of hearths in this unit difficult to distinguish over time.  This marked stratigraphic change is 

considered most likely to reflect increased human activity and trampling in this part of the 

shelter in the terminal Pleistocene.  

FAUNAL REMAINS, SEEDS AND OCHRE 

Preliminary faunal identification at Yurlu Kankala has so far only been completed for square 

4 (Reynen et al. 2018). Faunal remains (605g, Table 10.4) are heavily fragmented. A small 

proportion are burnt (16.6%) but there is no evidence for butchery on the bones. Identification 

was based on teeth and tooth-bearing bones. For the most part the assemblage is comprised of 

macropods and rodents, with small to medium-sized dasyurids and bandicoots (Isoodon 

auratus) also common. A single thylacine (Thylacinus cynocephalus) premolar was also 

identified in SU E (XU 18). Faunal remains occur throughout the deposit but were most 

abundant in SU E. A similar range of species, particularly euros, rock wallabies, and bandicoots 

were identified in SUs C-E (between 42.4–10 cal ka BP). Rodents and smaller dasyurids are 

most abundant in SUs C-A, which probably reflects the contribution of predators such as owls 

as well as people. 
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Table 10.4. Number of Identified Specimens (NISP) from square 4 at Yurlu Kankala. 

Species Common name Unit 

  A B C D E F 

Thylacinus cynocephalus Thylacine     1  

Dasycercus sp. indet. Mulgara   1    

Dasyurus hallucatus Northern quoll   3    

Dasyuridae indet. Unidentified small dasyurids 3  4 2 2  

Isoodon auratus Golden bandicoot  1 14  4 1 

Macropus sp. cf. M. robustus Euro   1 2 8 3 

Petrogale sp. Rock wallaby   8 8 27 2 

cf. Lagorchestes conspicillatus Spectacled hare-wallaby     1 1 

Macropodidae indet. Unidentified macropods   7  19 1 

Muridae indet. Rodents 22 6 191 19 22  

Agamid lizards  2 1 5    

Skinks     1   

TOTAL NISP  27 8 234 32 84 8 

TOTAL weight (g)  17.6 2.8 50.3 42.9 195.3 3.3 

 

Seeds from all squares were recorded to genus and weighed and counted (Figure 10.9). Several 

species of Acacia seed (n=26, 2.68 g) and Triumfetta fruit (n=155, 48.5 g) were identified 

(India Dilkes-Hall pers. comm. 2017; Michael Hislop pers. comm. 2017). Most (49.6 g, 97.1%) 

derive from the upper three units (A-C) dating from the post-LGM period to the Holocene 

(Figure 10.9). Triumfetta spp. fruits are not documented as traditionally used by Aboriginal 

people and this shrub occurs naturally in the area (Woodman Environmental Consulting 2012, 

2013). Although Acacia spp. seed is recognised as an important traditional food source for 

Aboriginal people (Isaacs 2013), there is an inverse relationship between the occurrence of 

Acacia seeds and cultural material in the deposit which suggests that these seeds are not related 

to human use of the rockshelter.  

Small red ochre fragments are present throughout the deposit (Figure 10.9). No evidence for 

use in the form of ground facets or otherwise were noted on any pieces. It is unclear whether 

the ochre represents human activity as its frequency does not change with other cultural 

material and veins of red ochre naturally occur in the BIF rockshelter walls and roof.  
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Figure 10.9. Yurlu Kankala squares 1 and 4 discard rates of faunal material, charcoal, ochre and seed.  

STONE ARTEFACT ANALYSIS 

The flaked stone assemblage from Yurlu Kankala comprises 809 artefacts. Stone artefact 

frequencies in all squares are extremely low and so analyses and interpretations that are based 

on only the stone assemblage are constrained by sample size. Site use interpretations are made 

in consideration of all cultural material found at the rockshelter. Lithic analytical units are 

based on stratigraphic units (Table 10.5), with one exception. The horizontal band of hearths 

in SU E which are associated with the 24/23 cal ka BP dates in squares 1 and 4 (Figure 10.6), 

provide a boundary to compare lithics deposited before (SU E, 42.4–24/23 cal ka BP) and 

during the LGM (SU E LGM, 24/23–18.4 cal ka BP) in this part of the site. Temporal analysis 

only included artefacts from squares 1 and 4 to allow for comparison of assemblages.  
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Table 10.5. Yurlu Kankala analytical units and age ranges from Bayesian analysis. The mean modelled 95.4% 
dates are used in the remainder of the chapter.  

SU Period Mean 
modelled 
95.4% (ka) 

95.4% probability 
lower range cal 
BP 

95.4% 
probability 
upper range cal 
BP 

Modelled 
age range 

Rate of 
sedimentation 
(cm) per 100 years 

A Late Holocene ≤1.9  5574–146 297–recent 1900 0.57 

B Mid-Holocene 10–5.4 11,649–7584 7625–1708 4600 0.09 

C Terminal 
Pleistocene & 
early Holocene 

17.6–10 18,370–16,636 11,649–7584 7600 0.31 

D Post-LGM 18.4–17.6 18,706–18,156 18,370–16,636 800 0.63 

E 
LGM 

LGM 24/23 – 18.4 24,000-23,000 18,706–18,156 6000 0.42 

E Pre-LGM 42.4–24/23 44,409–38,028 24,000-23,000 18,400 0.11 

F Earliest 
Pleistocene phase 

44.7–42.4 46,878–43,074 44,409–38,028 2300 1.44 

 

ARTEFACT DISCARD RATES 

Discard rates in all squares are extremely low throughout the sequence and indicate that the 

rockshelter was only visited very occasionally. Because they are so low, they primarily signal 

the presence of people rather than act as a marker of occupation intensity. However, there are 

temporal and spatial disparities in the spread of cultural material. Artefacts predominantly 

occur in the central western part of the cave where stratigraphy is most distinct (squares 1, 3 

and 4, n=646, 79.9%). After an initial pulse of occupation between 44.7–42.4 cal ka BP, discard 

rates drop to their lowest level during the Pleistocene before peaking between 

24/23– 17.6 cal ka BP (Table 10.6). NAS to MNA ratio values are highest in SUs E and F, 

indicating more fragmentation in these earlier artefact assemblages. The 800 year period 

immediately after the LGM (18.4–17.6 cal ka BP) exhibits the highest artefact discard per 

thousand years which suggests an increased human presence at the rockshelter. Despite the 

ongoing presence of hearths in SU C (17.6–10 cal ka BP), there are markedly fewer stone 

artefacts (n=16, 2.5%). In fact, only 13 artefacts (1.6% of the total) were discarded at the site 

after 10 cal ka BP (SUs A, B all squares). This indicates that site visits decreased markedly 

during the Holocene.  
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Table 10.6. Yurlu Kankala squares 1 and 4 stone artefact discard rates across units.  Number of artefacts 
discarded per thousand years was calculated using the mean Bayesian modelled 95.4% age range SU 
boundaries.  

SU Age range  
(cal ka BP) 

Artefact 
count 

NAS: MNA ratio Artefacts per 
millennium 

Artefacts per cubic m  

A ≤1.9  4 1 2 18 

B 10 –5.4 0 0 0 0 

C 17.6–10 16 1.2 2 35 

D 18.4–17.6 49 1.6 61 415 

E LGM 24/23–18.4 305 1.4 54 559 

E 42.4–24/23 197 2.6 11 566 

F 44.7–42.4 67 2 29 98 

 

RAW MATERIAL SELECTION 

Artefacts discarded at Yurlu Kankala are made on a wide range of locally available materials 

(Figure 10.10). Nearly half (n= 347, 42.9%) of the total assemblage is made on quartz. By 

weight, however, quartz is not dominant (11.4%) because many pieces are small broken flakes. 

This reflects the internal fracture properties of quartz which often create shatter when struck 

(de Lombera-Hermida and Rodríguez-Rellán 2016). During analysis I was deliberately critical 

of pieces that lacked evidence of Hertzian fracture and these were not recorded as artefacts.  

Intra-site spatial and temporal variation in material use is evident. Artefacts in Square 9 towards 

the back of the shelter are mostly made on quartz throughout the sequence (n=27, 90%). A 

change in raw material use occurs during the LGM, when the proportion of quartz decreases 

while use of BIF, chert, siltstone and chalcedony increases (X2 (5) = 130.58, p = <0.05 (Figure 

10.10). BIF, chalcedony and chert remain the dominant materials used after 18.4 cal ka BP. 

Cortex is very uncommon. Only 17 (7.5%) complete flakes and four (44.4%) complete cores 

in squares 1 and 4 contain remnant cortex. All cortex is non-riverine or weathered, indicating 

that these nodules came from non-riverine tool-stone sources. 
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Figure 10.10. Yurlu Kankala squares 1 and 4 lithologies. SU B is not shown because there are no artefacts in this 
unit. Artefact count is in bars.  

 

ASSEMBLAGE COMPOSITION 

Pleistocene assemblages at Yurlu Kankala are highly fragmented because of the high frequency 

of broken quartz flakes (Table 10.7 and see below). Very few cores (n=10, 1.2%) were 

discarded at the rockshelter. Low artefact discard rates suggest that non-intensive on-site core 

reduction occurred, which suggests that little reduction was undertaken at the site and/or that 

cores were removed from the site after knapping. Within the site there are several spatially 

discrete clusters of lithics of predominantly one material that suggest single, discrete knapping 

episodes. For instance, 85% (n=71) of a stone artefact cluster in Square 4 XUs 24 and 25 (SU 

E, associated with hearth F18, Figure 10.6) is made on quartz. No cores were left in this area. 

Tools (retouched and/or used artefacts) were also rarely discarded on site (n=11, 1.7%). An 

ironstone hammerstone fragment was found on the surface of the shelter floor. Multiple small 
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step fractures are located on the snapped margin and two larger step flake scars occur on the 

opposite end. In addition, four basal grinding stones and a retouched and used BIF flake were 

found on the surface inside the rockshelter.  

Table 10.7. Yurlu Kankala stone artefact type across units in squares 1 and 4 (n=638). 

SU Age range  
(cal ka BP) 

Complete 
flake 

Debitage Core & core 
fragment 

Retouched/ 
used artefact 

A ≤1.9  3 0 1 
 

C 17.6–10 8 7 
 

1 

D 18.4–17.6 23 24 2  

E LGM 24/23–18.4 152 144 3 6 

E 42.4–24/23 29 164 
 

4 

F 44.7–42.4 13 53 1  

 

TOOL DISCARD 

Most retouched/used tools derive from squares 1 and 4 (n=11, 78.6%). A single tool was 

discarded in post LGM deposits, the rest derive from LGM and pre-LGM units (Table 10.8). 

Tool discard ratios (Figure 10.11) suggest comparatively longer duration visits, or more 

frequent visits during the pre-LGM and LGM phases, but overall, very low rates of tool discard, 

together with the complete absence of tools in several phases, indicates very infrequent and 

short duration visits.  

Table 10.8. Frequency of retouched tools and used flakes in squares 1 and 4 by number and percentage of 
total assemblage at Yurlu Kankala. One additional retouched BIF flake derives from Unit F in square 10 and one 
retouched and used BIF flake was found on the surface of the shelter. 

SU Age range (cal ka BP) Retouched artefact 
No. (%) 

Used artefact 
No. (%) 

A ≤1.9  0 0 

C 17.6–10 0 1 (6.3) 

D 18.4–17.6 0 0 

E LGM 24/23–18.4 4 (1.3) 2 (0.7) 

E 42.4–24/23 2 (1) 2 (1) 

F 44.7–42.4 0 0 
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Figure 10.11. Retouched tool discard ratios plotted against artefact discard per thousand years at Yurlu Kankala. Ratios are 

calculated for entire assemblage.  

ARTEFACT BREAKAGE  

Sample sizes for each material per unit are too small to compare flake breakage rates through 

all temporal units except for in SUs E, E LGM and D (Tables 10.10-10.13). Proportions of 

longitudinally broken flakes across BIF, chalcedony, chert and quartz assemblages are highest 

during the LGM (SU E LGM). This suggests that more on-site reduction occurred during this 

time. No other concurrent changes occur across all assemblages which might indicate changes 

in manufacture or trampling levels at the site. Quartz assemblages (Table 10.12) are clearly 

more fragmented than other assemblages which reflects manufacturing technique (hammer-

and-anvil technique) and the tendency of this material to shatter when struck.  
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Table 10.9. Yurlu Kankala BIF flake breakage frequencies by percentage for squares 1 and 4. 

SU Age range (cal ka BP) # CF LBF TBF Other broken flake 

D 18.4–17.6 14 71.4 0 0 28.6 

E LGM 24/23–18.4 92 68.5 10.9 4.3 16.3 

E 42.4–24/23 8 37.5 0 25 37.5 

 

Table 10.10. Yurlu Kankala chalcedony flake breakage frequencies by percentage for squares 1 and 4. 

SU Age range (cal ka BP) # CF LBF TBF Other broken flake 

D 18.4–17.6 20 55 10 5 30 

E LGM 24/23–18.4 42 45.2 19 9.5 26.2 

E 42.4–24/23 5 60 0 20 20 

 

Table 10.11. Yurlu Kankala chert flake breakage frequencies by percentage for squares 1 and 4. 

SU Age range (cal ka BP) 
# CF LBF TBF Other broken flake 

D 18.4–17.6 4 50 0 25 25 

E LGM 24/23–18.4 82 54.9 17.1 11 17.1 

E 42.4–24/23 13 53.8 7.7 15.4 23.1 

 

Table 10.12. Yurlu Kankala quartz flake breakage frequencies by percentage for squares 1 and 4. 

SU Age range (cal ka BP) # CF LBF TBF Other broken flake 

D 18.4–17.6 6 0 0 0 100 

E LGM 24/23–18.4 55 14.5 16.4 20 49.1 

E 42.4–24/23 162 9.3 9.9 17.3 63.6 

 

ARTEFACT TRANSPORT 

Only four of the ten cores discarded at the shelter have remnant cortex. Of these, all have less 

than 30% of their cortical surface. Cores are not present in some SU assemblages (Table 10.13), 

while others display high flake to core ratios, particularly during the LGM. This, together with 

the near absence of cortical flakes discarded on site and evidence for low intensity on-site 

flaking (very low discard rates) indicate that the nodules carried into the site were already 
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reduced elsewhere. Non cortical to cortical flake ratios and the flake dimution test were not 

calculated on any assemblages because there are so few flakes with cortex. 

Table 10.13. Yurlu Kankala frequency and distribution of flakes (MNF) and cores (in brackets) for squares 1 and 
4.  

SU Age range (cal ka BP) BIF Chalcedony Chert Quartz 

A ≤1.9  3    1  1 (1) 

C 17.6–10 4 2 6 
 

D 18.4–17.6 10 (1)  15 4  1 

E LGM 24/23–18.4 74 (1) 29 (1) 61 27 (1) 

E 42.4–24/23 6  4  10  59 

F 44.7–42.4 5 (1) 
 

3 19 

 
 

 

REDUCTION INTENSITY 

UNMODIFIED COMPLETE FLAKES 

The 187 unmodified complete flakes (≥10 mm) from all squares were compared to identify 

broad patterns in tool-stone reduction and to assess whether materials were reduced differently. 

The marked variation in flake size across materials (Table 10.14) most likely reflects original 

nodule size rather than reduction extent because many differently sized flakes have flat 

platforms, no cortex and similar dorsal scar densities. Overall, most flakes were removed in 

the middle stages of the reduction sequence. Flakes made on chert and quartz have 

comparatively higher dorsal scar densities and higher frequencies of overhang removal than 

BIF, chalcedony and siltstone flakes (Table 10.14), which suggests that these flakes were 

discarded at a later stage in the reduction sequence.  

Table 10.14. Summary of unmodified complete flake (≥10 mm) attributes at Yurlu Kankala. Each cell contains 
median and interquartile range unless otherwise stated. 

Lithology (# of flakes) BIF 
(n=70) 

Chalcedony 
(n=20) 

Chert 
(n=56) 

Quartz 
(n=22) 

Siltstone 
(n=11) 

Estimated surface area (cm2) 2.7 ± 3.1 1.1 ± 1 1.8 ± 2.6 1.8 ± 1.5 4 ± 6.2 

Mass (g) 1.1 ± 2.6 0.3 ± 0.4 0.5 ± 1.6 0.6 ± 1.1 1.6 ± 4.4 

Estimated platform area (mm2) 46.9 ± 
57.3 

17.7 ± 25.8 25.5 ± 
35.9 

37.7 ± 
48.3 

34.4 ± 
52.3 
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Lithology (# of flakes) BIF 
(n=70) 

Chalcedony 
(n=20) 

Chert 
(n=56) 

Quartz 
(n=22) 

Siltstone 
(n=11) 

Number of flaked/facetted 
platforms (#, %) 

6 (8.6) 0 (0) 1 (1.8) 2 (9.1) 3 (27.3) 

Overhang removal (#, %) 30 (42.9) 7 (23.3) 31 (55.4) 10 (45.5) 3 (27.3) 

Flakes with cortex (#, %) 5 (7.1) 4 (13.3) 5 (8.9) 2 (9.1) 1 (9.1) 

Dorsal scar density 1.1 ± 1.2 1 ± 1.4 1.4 ± 1.5 1.5 ± 0.9 0.8 ± 0.8 

 

The Yurlu Kankala assemblage is too small for temporal comparisons of flake metrical and 

technical attributes across all occupation phases as most complete flakes were discarded 

between 24/23–18.4 cal ka BP (E LGM). I analysed the flakes discarded during this phase to 

gauge relative levels of reduction extent. Dorsal scar density and the frequency of flakes with 

overhang removal is higher on BIF, chalcedony and in particular, chert flakes discarded during 

the LGM compared to the larger pool of flakes (Table 10.15). This suggests that these materials 

were reduced comparatively more intensively during this phase.  

Table 10.15. Summary of unmodified complete flake (≥10 mm) attributes in squares 1 and 4 SU E LGM at Yurlu 
Kankala. Each cell contains median and interquartile range unless otherwise stated. 

Lithology (# of flakes) BIF 
(n=44) 

Chalcedony 
(n=8) 

Chert 
(n=28) 

Quartz 
(n=5) 

Siltstone 
(n=11) 

Estimated surface area (cm2) 2.4 ± 2.4 1.1 ± 0.8 1.6 ± 1.1 1.9 ± 2.4 4 ± 6.2 

Mass (g) 1 ± 1.6 0.3 ± 0.4 0.4 ± 0.8 0.5 ± 1.6 1.6 ± 4.4 

Estimated platform area (mm2) 42.8 ± 
56.6 

9.5 ± 28.8 22.7 ± 
36.9 

45.4 ± 
47.8 

34.4 ± 
52.3 

Number of flaked/facetted 
platforms (#, %) 

3 (6.8) 0 (0) 1 (3.6) 1 (16.7) 3 (27.3) 

Overhang removal (#, %) 19 (43.2) 3 (37.5) 17 (60.7) 2 (33.3) 3 (27.3) 

Flakes with cortex (#, %) 3 (6.8) 3 (37.5) 4 (14.3) 0 (0) 1 (9.1) 

Dorsal scar density 1.3 ± 1.4 2.5 ± 2.7 1.6 ± 1.4 1.5 ± 0.3 0.8 ± 0.8 

 

CORE REDUCTION 

More than half of the cores (n=6, 60%) discarded at Yurlu Kankala were rotated more than 

once and all of these were discarded prior to 17.4 cal ka BP (Table 10.16). All multi-platform 

cores are all small (median mass 22.8 ± 24.5 g and maximum dimension 36.3 ± 7.5 mm, Figure 

10.13) and have an average of 9.8 flake scars each (median SDI 0.2 ± 0.2 and flake scar length 

10.6 ± 10.5 mm, Figure 10.12). One of these cores, discarded between 18.4–17.6 cal ka BP, 
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was made on a low quality BIF nodule. A small chert flake core was also left on-site during 

this time. The three single platform cores are also small (median mass 16.3 ± 20.3 g and 

maximum dimension 46.8 ± 12.5 mm) and contain four, five and six flake scars each (median 

SDI 0.1 ± 0.04). A small quartz bipolar core was discarded at the site at some point in the mid 

or late Holocene (Figure 10.13). In sum, all cores were discarded at the rockshelter when they 

were small (<56 mm maximum dimension) and light (<71 g) and some are clearly too small to 

easily remove further flakes from (Figure 10.13). All four cores with remnant cortex have less 

than 30% cortex remaining.  

Table 10.16. Frequency and percentage (of total assemblage) of core discard through time in squares 1 and 4 
at Yurlu Kankala. Four additional cores were found in squares 9, 10 and 13. 

SU Age range (cal ka BP) Core & core fragment (#, %) 

A ≤1.9 1 25 

C 17.6–10 0 0 

D 18.4–17.6 2 4.1 

E LGM 24/23–18.4 3 1 

E 42.4–24/23 0 0 

F 44.7–42.4 1 1.5 

Total of assemblage 7 1.1 

 

 

Figure 10.12. Yurlu Kankala complete core scar density index (SDI).  
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Figure 10.13. Small rotated BIF cores discarded at Yurlu Kankala between (left) 24/23–18.4 cal ka BP (SU E 
LGM, Square 4 XU 16 A002) and (right) 44.7–42.4 ka (SU F, Square 1 XU 20 A002). 

CORE DISCARD 

All cores discarded at Yurlu Kankala are small transported cores. This means that the debris to 

core ratio can be applied to inform on occupation duration. The ratios (Figure 10.14) suggest 

that occupation durations were comparatively longer during the LGM than during any other 

period because the proportion of debris relative to cores is highest at this time. However, as 

noted previously, sample sizes are so small that these trends cannot be taken on their own to 

reflect changing behaviours.  
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Figure 10.14. Retouched tool and core discard ratios plotted against artefact discard per thousand years at Yurlu Kankala. 

Ratios are calculated for entire assemblage. 

FLAKE UTILITY AND STANDARDISATION 

Elongation values on flakes are low throughout the Yurlu Kankala sequence as most flakes 

have a squarish shape (Table 10.17). Quartz flakes are typically more elongated with higher 

edge length to mass ratios than flakes made on other materials. However, quartz sample sizes 

are too small to ascertain whether this reflects a deliberate flaking strategy. Only 11 blades are 

present (seven in LGM units, four in pre-LGM units), and no blade cores were recovered, which 

suggests that their presence is not the result of intentional efforts. Again, sample sizes are too 

small to assess temporal changes in flaking strategies and standardisation.  
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Table 10.17. Measures of flake standardisation on flakes ≥20 mm at Yurlu Kankala. Each column contains 
median and interquartile range unless otherwise stated. 

Lithology (# of 
flakes) 

BIF (n=39) Chalcedony 
(n=4) 

Chert (n=20) Quartz (n=6) Siltstone (n=6) 

Elongation 0.9 ± 0.9 1.3 ± 0.2 1.1 ± 0.7 1.7 ± 1.1 1 ± 0.4 

Edge length to 
mass 

20.9 ± 22.6 22.2 ± 14.6 23.8 ± 21.1 25.8 ± 22.4 16 ± 12.1 

EPA 61 ± 24 68 ± 5.8 75 ± 24.8 82 ± 4 81.5 ± 16.3 

Aberrant 
terminations % 

21 (53.8) 1 (25) 12 (60) 2 (33.3) 2 (33.3) 

 

TOOL USE 

Six artefacts in squares 1 and 4 exhibit evidence for retouch along their edges. All are made on 

comparatively large flakes (maximum dimension >20 mm) with little time invested in intensive 

secondary modification before discard. Scalar retouch is evident on less than 25% of the flake 

margin (e.g. Figure 10.15). A complete BIF retouched flake discarded during the LGM was 

steeply retouched (GIUR: 0.5178) but only on one part of a lateral margin (Index of 

Invasiveness: 0.09). The other complete retouched tool was made on chert and was also 

discarded during the LGM but was less intensively retouched then the BIF tool (GIUR: 0.204, 

Index of Invasiveness: 0.06). Macroscopic use-wear was noted on three of the retouched pieces 

and a further five unretouched pieces, indicating their use as impromptu tools. The three 

complete used flakes have an average of 52.7% of use-wear along their perimeter. No use-wear 

or residue studies have been undertaken.  
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Figure 10.15. Artefact (YK416A008) discarded during the LGM showing non-intensive scalar retouch typical of 
tools found at Yurlu Kankala.  

 

DISCUSSION 

The Yurlu Kankala stone assemblage is mostly comprised of discrete artefact clusters argued 

here to represent activity areas or refuse areas and are often associated with small hearths. The 

people visiting the site were not engaged in major stone tool manufacturing activities which 

produced considerable debitage. Discard rates in all squares are extremely low throughout the 

sequence and indicate that the shelter was typically only visited very occasionally and for short 

periods of time. The timing of site visits would have been influenced to some degree by 

seasonal or episodic fluctuations in surface water availability and resource abundance in the 

surrounding Abydos Plain.  
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SUMMARY OF THE LITHIC ANALYSIS 

In view of the small number of artefacts it is difficult to make conclusive statements about 

occupation duration with reference to only the stone assemblage. Broadly, the lithic assemblage 

represents an efficient technology characterised by continuity through the sequence. The 

minimisation of costs is illustrated by reduction sequences aimed at the production of flakes 

with a low degree of predetermination, and low frequencies of single-use, impromptu tools. 

However, the foragers that visited the site carried small, long use-life cores across the uplands 

and plains. Some of these cores were discarded at the rockshelter and the rest were transported 

out of the site after low-intensity on-site core reduction. This transport pattern reflects that at 

Juukan 2 but on a smaller scale. The Yurlu Kankala cultural record is summarised in Table 

10.18 and below. 
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Table 10.18. Yurlu Kankala cultural sequence summarising the main changes and trends from squares 1 and 4.  

SU Age range 
(cal ka BP) 

Cultural material Artefacts per 
thousand 
years 

Main raw 
materials 

Artefact transport Reduction, flake 
utility and 
standardisation 

Occupation duration 
and frequency 

A ≤1.9  Disturbed – extent of occupation unclear 

Hearths 

Faunal remains  

4 flaked stone artefacts, including: 

- 1 cores/core fragments (25%) 

↑2 ↑ Quartz 50% 
↓ BIF 25% 
↓ Chert 25% 
 
 

Predominately partially 
cortical cores 

 → Very few site visits 
→short duration 
 

B 10 –5.4 Disturbed – extent of occupation unclear 

Faunal remains  

No stone artefacts 

0    ↓ Site visits? 

C 17.6–10 Hearth palimpsest 

Faunal remains  

16 flaked stone artefacts, including: 

- 1 tool 

↓2 ↑ Chert 43.8% 
↑ BIF 37.5% 
↓ Chalcedony 
12.5% 
 

Predominately partially 
cortical cores 

 ↑ few site visits 
→ short duration 
 

D 18.4–17.6 Faunal remains  

49 flaked stone artefacts, including: 

- 2 cores/core fragments (2.1%) 

 

↑61 ↑ Chalcedony 
36.7% 
↓ BIF 30.6% 
↓ Quartz 12.2% 
↓ Chert 12.2% 
 
 

Predominately partially 
cortical cores 

 ↑ few site visits 
→ short duration 
 

E 
LGM 

24/23–
18.4 

Hearths, including band of hearths at 24-

24 cal ka BP (former living surface?) 

Faunal remains  

305 flaked stone artefacts, including: 

- 3 cores/core fragments (1%) 

- 6 tools 

↑54 ↑ BIF 31.1% 
↑ Chert 27.5% 
↓ Quartz 19% 
 

Predominately partially 
cortical cores 

Higher 

frequencies of 

longitudinal 

breaks indicating 

more in situ 

manufacture 

↑ few site visits 
↑longest duration? 
 

E 42.4–
24/23 

Hearths 

Faunal remains  

↓11 ↑ Quartz 82% 
↑ Chert 6.6% 
↑ BIF 5.1% 

Predominately partially 
cortical cores 

 ↓ Very few site visits, 
↓short duration 
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SU Age range 
(cal ka BP) 

Cultural material Artefacts per 
thousand 
years 

Main raw 
materials 

Artefact transport Reduction, flake 
utility and 
standardisation 

Occupation duration 
and frequency 

197 flaked stone artefacts, including: 

- 4 tools 

 

F 44.7–42.4 Hearths 

Faunal remains  

67 flaked stone artefacts, including: 

- 1 core (1.5%) 

29 Quartz 71.6% 
Crystal quartz 
10.4% 
 
 

Predominately partially 
cortical cores 

 few site visits,  
longer duration? 
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44.7–24/24 CAL KA BP (SUS F & E) 

Early human occupation at Yurlu Kankala by 46,878–43,074 cal BP (lower boundary age 

range) is not surprising given the size of the rockshelter and its prominent location high up on 

a ridge in a well-resourced landscape. Aboriginal groups were clearly familiar with this part of 

the Pilbara during the time of the earliest site visits. People occasionally visited the rockshelter 

carrying in a range of small nodules. Small amounts of debris from knapping and impromptu 

tools were discarded, often around small fires, and most cores were taken away again. Bone 

frequencies are low and do not exhibit any evidence for burning. The high debris to core ratio, 

together with the presence of small, low investment hearths and low artefact discard rates 

suggests very episodic site visits between 44.7–42.4 cal ka BP that were of comparatively 

longer duration than most other occupations. Between 42.4 and 24/23 cal ka BP, site visits 

became less frequent and were of shorter duration.  

24/24–18.4 CAL KA BP (SU E LGM) 

Repeated occupation through the LGM is demonstrated unequivocally through deposit in SU 

E dated to between 24/23–18.4 cal ka BP in squares 1 and 4.  Lithics and bone are present in 

each of the five XUs in this deposit and six small hearths are associated with these occupations. 

Significantly, no evidence for stratigraphic or chronological discontinues, as seen across many 

parts of the arid zone (Barberena et al. 2017; Veth et al. 2017a), are present at this site. Regular 

sediment accumulation continues with no distinct changes in colour or composition that 

suggest influence of larger climatic or environmental changes. A line of combustion features 

shows that multiple hearths were made within a small time-frame around 24/23 cal ka BP which 

demonstrates a high degree of integrity to this deposit. Site visits were still very infrequent as 

occupation surfaces were not trampled on or disturbed as they were slowly covered up. 

In a continuation of pre-LGM occupation, people continued to visit the site episodically during 

the glacial maximum, exploit local stone and animal resources and make hearths. An increase 

in discard occurs during the beginning of the main glacial phase (24-23 cal ka BP). Higher 

artefact discard rates may reflect more frequent site visits, larger groups or longer site visits, 

changes in artefact technology or use of the site, but most likely a combination of factors 

(Hiscock 1988). In view of the small number of artefacts it is difficult to make strong statements 

about occupation changes with reference to only the stone assemblage. The spatial disparity in 

artefact discard across the site, continued presence of small intact single-use hearths and a lack 
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of change in discard of cores or tools, lithic technology or breakage rates, appears to suggest a 

possible increase in the frequency of site visits or increased group size rather than an increase 

in the duration of site visits (as discussed in Reynen et al. 2018). However, calculating alternate 

measures of occupation duration refines this interpretation. The ratios suggest that the amount 

of debris discarded on site is far greater than the discard of long use-life artefacts (retouched 

tools and transported cores) during this phase. This signals that occupation duration was 

comparatively longer during the LGM compared to all other phases of rockshelter use. This 

result fits with the concept that this part of the uplands was more attractive for human 

populations during arid phases: foragers spent comparatively longer periods in this well-

resourced region as resource structures in and around the uplands changed. Quartz use 

decreases after 24–23 cal ka BP as frequencies of chert, BIF, chalcedony and siltstone increase. 

In a changing landscape, different opportunities, technical needs or value ascribed to stone 

types or sources may be plausible drivers of shifts in material use at Yurlu Kankala (see Cane 

1988; Gould 1968, 1971). However, similar changes in raw material preference occur at Juukan 

2 and other Pilbara upland sites during the time. This patterning is examined in more detail in 

Chapter 11.  

18.4–10 CAL KA BP (SUS D & C) 

Site visits to Yurlu Kankala continued after the LGM. Between 18.4–17.6 cal ka BP there is a 

decrease in the duration of occupations but an increase in the frequency of site visits. After 

17.6 cal ka BP there is a marked drop in discard rates across the site. This appears to suggest 

reduced use of the uplands as resident groups increasingly ventured into new regions. However, 

while artefact rates drop markedly after 17.6 cal ka BP, the hearth palimpsest (SU C) suggests 

that human activity at the site increased. What could this anomaly mean? It is impossible to 

differentiate between individual hearth features in SU C. This suggests that people visiting the 

shelter were making new hearths on top of previous, still visible hearths and hints at a reduction 

of time – coupled with little geogenic sediment accumulation – between site visits during the 

post LGM and terminal Pleistocene phases. The shelter inhabitants during this period may have 

re-used the visible palimpsest of abandoned fireplaces from previous occupations. This perhaps 

reflects a ‘continuously maintained social tradition that attached significance to this ordering 

of space’ (Bailey and Galanidou 2009:227), a reproduction of spatial organisation that was 

familiar to people and that persisted in use over many millennia. This contrasts heavily with 
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site visits before and after this period, where there is no continuing attachment to a single hearth 

complex, but a series of individual hearths located across the cave.  

Perhaps during 17.6–10 cal ka BP, the rockshelter was primarily used for a short-term 

purposeful targeted activity such as cooking during brief visits to the site. This, together with 

the near absence of stone tools, provides a tantalising suggestion for the presence of a wooden 

toolkit. Were people, armed with digging sticks, wooden dishes, spinifex string nets and other 

organic tools living around the waterholes on the plains close to the cave and occasionally 

visiting to cook food such as damper that we would not expect to find evidence for? Of course, 

in the absence of evidence and at most only a very small amount of bone, especially when 

compared to LGM deposits, this is only conjecture. However, the possibility of organic and 

‘intangible’ technologies made on wood and fibre that have not been preserved cannot be 

overlooked (Balme and O'Connor 2014). Perhaps visitors to the cave were undertaking short 

term task-specific activities that simply did not require stone tools. And might this absence of 

stone technology and possible use of organic technology reflect the presence of women? 

Regardless of what specific activities SU C represents, the Yurlu Kankala record clearly shows 

a change in patterns of rockshelter use occurred people’s circumstances improved after the 

LGM. This record reflects occasional but short duration visits until the end of the Pleistocene.  

≤ 10 CAL KA BP (SUS B & A) 

After 10 cal ka BP, very few artefacts (n=13) are discarded across the site and hearth activity 

decreases markedly. This appears to indicate that this upland area was very rarely visited after 

this time. However, local populations undoubtedly continued visiting this upland region 

through the terminal Pleistocene and Holocene because of its substantial water sources and 

associated plant and animal resources. Nearby landmarks like Strelley Pool and Strelley Gorge, 

and the numerous rock holes along Six-mile Creek, are well known by Aboriginal people today 

and most likely were foci for human settlement and aggregation in the terminal Pleistocene and 

Holocene. Yurlu Kankala itself, however, evidently became a less of a focal point in the 

landscape for Aboriginal people. By the end of the Pleistocene, Yurlu Kankala reflects at least 

localised reduced use of a rockshelter in the northeast Pilbara uplands.  
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CHAPTER CONCLUSION 

Key characteristics of the Yurlu Kankala stone assemblage mirror those found at other Pilbara 

rockshelters, most notably, a paucity of cores, very low frequencies of artefacts with cortex, 

and the on-site discard of small cores nearing or at the end of their use-life. The Yurlu Kankala 

stone artefact assemblage is small which makes it difficult to undertake detailed lithic 

technological analysis. However, the high-resolution stratigraphy and preservation of hearths 

throughout the sequence provides another line of evidence to identify patterns of site use 

through the Pleistocene. The Gorge Range was unquestionably an attractive place for groups 

to reside in throughout the Pleistocene, particularly during glacial aridity, because of its 

numerous water sources and associated plant and animal resources. The Yurlu Kankala site 

record reflects this. There is no evidence for major occupation hiatuses during the Pleistocene.  

Aboriginal people repeatedly visited the site through this time. However, the debris to core 

ratio suggests that occupation durations varied through the Pleistocene, in particular, during 

the LGM, when site visits were of comparatively longer duration than during any other phase. 

There is no identifiable change in stone technology throughout site occupation. The main 

change in overall site use occurs immediately after the LGM where there is a change in the 

type of activities undertaken in the shelter. The presence and absence of particular cultural 

materials suggests some intriguing possibilities which may not have involved stone artefacts. 

Overall site use declines markedly at the end of the Pleistocene.  

The timing of these changes and what they might represent are discussed in the next chapter, 

where the site histories from Juukan 2, Murujuga Rockshelter and Yurlu Kankala and the 

regional northwest dataset are bought together to answer my research questions. Issues that 

have been touched upon in the three results chapters, such as the influence of site type on 

material culture, the question of what function stone artefacts may have fulfilled within a larger 

suite of technological behaviours, and how these factors may have impacted lithic assemblages 

and our ability to detect mobility changes, are further examined.  
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CHAPTER 11 HUMAN MOBILITY AND 

THE LAST GLACIAL MAXIMUM 
 

 

Results of the analyses of the stone assemblages from Juukan 2, Murujuga Rockshelter and 

Yurlu Kankala reveal temporal changes in technological organisation and site use which 

contribute to our understandings of Pleistocene rockshelter occupation and patterns of human 

movement in arid landscapes. In this chapter, these new, high-resolution chronologies are 

integrated with the regional Pilbara record to gain new insights into the complexities of 

Aboriginal settlement during the LGM and terminal Pleistocene. In doing so, the project aims 

and research questions are returned to. The first section examines the evidence for Pleistocene 

artefact transport and mobility distance and frequency from the lithic assemblages at Juukan 2, 

Murujuga Rockshelter and Yurlu Kankala. The results are contextualised within wider systems 

of movement and discard. The evidence for human responses to the LGM at the three 

rockshelters is evaluated in the second section. Finally, I consider the broader implications of 

this project and future research directions before concluding with some final remarks. 

PLEISTOCENE HUMAN MOBILITY IN THE INLAND PILBARA 

It is challenging to interpret broader landscape use from the study of a single or few sites 

because Aboriginal people constantly moved through landscapes and varied their activities in 

time and space. However, mobility behaviours can be inferred by identifying artefact transport 

and technological practices across a wider landscape by discerning what was discarded at a site 

and what is missing from a site. It is now possible to propose a number of relationships between 

the use of stone technology, resource availability and rockshelter use that informs on patterns 

of human movement during the Pleistocene. In this section I answer my first research question: 

What do the lithic assemblages at Juukan 2, Murujuga Rockshelter and Yurlu Kankala suggest 

about Pleistocene human mobility patterns? 
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A DYNAMIC SYSTEM OF TOOL-STONE TRANSPORT  

The first significant result is the artefact transport test study at Juukan 2 that identified the 

transport of cores. From a methodological standpoint, the Juukan 2 results demonstrate the 

potential of techniques that use geometric artefact attributes to identify the presence or absence 

of expected reduction products in an assemblage. Further work on this approach is clearly 

required, particularly for investigating assemblages made on partially cortical nodules (see 

discussion below), but the results highlight the influence of artefact transport on assemblage 

formation and reduction indices. Previous research in the inland Pilbara has identified the 

probable transport of both flakes and cores in and out of rockshelters (Cropper 2018c; Law and 

Cropper 2018; Marsh et al. 2018; Marwick 2002a, 2002b), but this present analysis is the first 

that directly investigates core transport. Hunter-gatherers transported cores into rockshelters, 

reduced them on-site and discarded some cores in the shelter, but most cores were carried away. 

This is not to say that flakes were not transported but that the primary pattern of core transport 

overshadows the identification of flake transport. Clear shifts in cortex and volume ratios occur 

on stone assemblages through time, suggesting variation in the extent of core transport over 

time. However, until it can be fully understood how indices change when cores are removed 

from assemblages made on partially cortical nodules, we cannot make robust interpretations of 

these temporal shifts. Although direct quantification of artefact movement was not undertaken 

at Murujuga Rockshelter and Yurlu Kankala, analysis of what was left behind at these sites, in 

the context of the Juukan 2 results, also indicates principally core transport. This pattern is also 

apparent at other Pilbara rockshelter sites through the low proportions or complete absence of 

cores and high flake to core ratios (Chapter 4). This finding is important because it reflects the 

reality of artefact movement in the Pleistocene. Assuming that artefact discard is embedded to 

some extent within the overall movement patterns of people, transport can inform on human 

movement.  

These results are important for several other reasons. First, as discussed below, they reveal a 

transport scenario that has not been previously modelled using these techniques. Second, that 

most cores were already reduced when transported into these rockshelters indicates several key 

things. The intensively reduced or exhausted state of most cores discarded at Juukan 2 and 

Yurlu Kankala, and to a lesser extent at Murujuga Rockshelter, points to a possible system of 

non-local procurement: these cores were transported to each rockshelter from at least one other 

place in the landscape. Therefore, it cannot be assumed that material procurement in a 
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landscape of abundant and good quality resources is local. Furthermore, these results 

demonstrate a high level of planning and resource manipulation, thus dispelling any notions 

that Pleistocene raw material use in the Pilbara was opportunistic. Finally, the pattern 

established at all Pilbara rockshelters examined here suggests that a paucity of core discard at 

rockshelters is a distinct feature of this site type. That all rockshelters show similar patterns of 

use during the Pleistocene suggests a highly structured use of the landscape and the resources 

and features within it. The question then is, where are the cores? Are cores mostly discarded at 

open-air sites and/or at source locations? Rockshelters clearly only show one aspect of 

assemblage variability. These implications are examined in more detail below.  

CORE TRANSPORT, MOBILITY DISTANCE AND MOBILITY FREQUENCY 

The common characterisation of Aboriginal tool-stone use in Pilbara uplands is of people 

expediently obtaining materials within a lithic-rich landscape when required rather than 

carrying around tool-stone. This narrative is shown here to be overstated. At face value, the 

results of this research are unexpected because there should be no great need to provision 

people and places with tool-stone in a landscape of such abundant suitable material sources. If 

materials are easy to replace, then they are not usually intensively reduced and conserved. 

However, stopping to make tools when resources were encountered may be costly. This 

behaviour indicates planning by ensuring that there were strategies for ensuring the availability 

of preferred tool-stone in all situations (Kuhn 1994). Although cores carry higher transport 

costs than flakes (e.g. weight and waste), carrying small cores ensures that a flexible and 

variable supply of tool types can be made for different situations. The transported cores 

discarded at all three sites are small informal cores made on high-quality tool-stone which have 

little excess transport weight and are efficient producers of small flakes (see study by Jennings 

2010). The small and thin flakes that were removed from these cores represent an efficient use 

of stone. Most discarded tools are unretouched or non-intensively retouched flakes. Use of 

informal tools are, as Barton (2008:67) emphasised, planned strategies of tool use, but just in 

a different way to ‘curated’ technologies. Foragers effectively manipulated resources by 

provisioning themselves and the places they visited with cores.  

This extensive transport behaviour reflects foragers who move from one place to another and 

have many needs that must be met with mobile toolkits (Kuhn 1995). Distances between sites 

and tool-stone sources in the inland Pilbara are not currently known. However, this toolkit 
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pattern of small transported cores does not suggest extremely high (long distance) mobility 

because portability was clearly not a major concern. The use of a toolkit such as this suggests 

that Pleistocene Pilbara foragers practiced frequent mobility but across short distances for short 

durations, because core use-life often outlasted occupation duration. During short stays, only a 

few transported tools were discarded because foragers primarily used what they bought with 

them. The use of materials only found across the uplands could indicate relatively short 

distance movements within local catchments in the uplands, but again, without knowing where 

materials come from (similar materials occur across the Pilbara), this cannot be verified. 

I argue here that transported cores can be used as markers of relative occupation duration, in 

the same way that long-use life tools such as backed artefacts are. The longer that a group stays 

at a site, the more chance there is for a core to be discarded on-site. However, longer 

occupations also lead to increased discard of waste (debris) from stone knapping, resulting in 

a higher proportion of debris to cores. Use of the debris to transported core ratio, together with 

other indicators of occupation duration, has uncovered a new aspect of variability and 

dynamism in Pleistocene assemblages. Although site visits to all rockshelters were clearly brief 

in comparison to what might be expected at open-air sites, changes in relative occupation 

duration, and by inference mobility frequency, are visible through the Pleistocene at all three 

sites. This pattern is most marked at Juukan 2 and Yurlu Kankala during the LGM. At Juukan 

2, the proportion of debris relative to cores is lowest during the LGM, indicating that the 

shortest duration visits occurred during this arid phase, while mobility frequency increased. At 

Yurlu Kankala, the opposite pattern occurs during the LGM, as debris to core discard is highest 

during this time which suggests longer occupation durations, signalling less frequent mobility. 

Implications of the LGM findings are discussed in detail below but they demonstrate the 

variation in mobility frequency that occurred during the Pleistocene, both at intra- and inter-

site scales.  

Raw material procurement was probably regularly embedded within other movements and 

activities, but the selection and intensive reduction of high quality nodules, despite raw material 

abundance, indicates some level of preference for specific tool-stone for technical or other 

reasons. Nodule form and quality were clearly important criteria for use. However, some non-

intensively reduced and discarded cores are made from good quality chert and BIF. This signals 

other criteria at play for core selection, such as variance in mobility or technological strategies, 

or perhaps the value placed on individual objects. Aesthetic or symbolic values of rocks are 
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long known to have been important drivers of selection, transport and use (e.g. Colombo and 

Flegenheimer 2013). For example, ethnographic information from the Western Desert (e.g. 

Gould 1971:161-162) showed that tool-stone from particular quarries that individuals or groups 

have strong associations with or that are located near totemic sites is selected preferentially. 

These intangible drivers of raw material selection tend to be overlooked because they are 

typically not recognised and in any case are difficult to substantiate, but they could explain 

why people chose to provision themselves with nodules of particular materials. Some cores 

were reduced to the point where the flake scars seem too small for functional use. This might 

suggest that they were used or were intending to be used as tools, although there is no 

macroscopic evidence for use or for clearly prepared edges. This behaviour, in these cases, may 

reflect a very human attachment to objects beyond a strictly functional level (Ashton 2007:13).  

The use of transportable core-based toolkits during the earliest phases of occupation at Juukan 

2 and Yurlu Kankala demonstrates familiarity with upland resources and strategies in place to 

efficiently manage them prior to 40,000 years ago. Small groups repeatedly visited known 

places in the landscape where transported toolkit components were reduced or 

maintained/repaired on-site and then removed. These very short-term visits negated the need 

to intensively reduce local tool-stone. This is illustrated by the minimal expedient use of larger 

cortical cores compared to the predominant discard of small, intensively reduced cores at 

Juukan 2. Intensive on-site core reduction only took place at this rockshelter in the late 

Holocene. The continued use of this technological strategy through the Pleistocene and 

Holocene is most likely tied in with the absence of any changes in tool-stone availability over 

this time. It also reflects continually high mobility frequency over short distances, where access 

to preferred materials was never an issue.  

The extent to which these patterns of mobility reflect rockshelter use rather than overall 

landscape use is difficult to answer in the absence of any Pleistocene open area sites in the 

Pilbara. For example, it is possible that locally available nodules were reduced in the open areas 

outside rockshelters in gorge and creek areas – where people spent most of their time. The 

Pleistocene evidence for larger group gatherings and longer-term camps found at open sites in 

other parts of the Australian arid zone (see for example Balme 1995) will clearly not be found 

in rockshelters because of their constrained space for social gatherings and their location, 

typically along steep ridges and away from watercourses. The potential mismatch between 

rockshelter use and overall landscape use is illustrated at Yurlu Kankala, where people rarely 
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used the rockshelter itself in the last 10,000 years but the resource-rich local upland area would 

almost certainly have continued to be occupied. Rockshelters functioned as peripheral places 

in the landscape that became records of long-term use of a locale (Olszewski and al-Nahar 

2016) and the short-term and intermittent rockshelter use that defines the Pilbara Pleistocene 

record must not be presumed to reflect overall landscape use. To account for this possible 

discrepancy, I examined rockshelter use with reference to local context and evaluated whether 

patterns occurred across multiple sites as a reflection of wider settlement changes (see 

discussion below). The three rockshelters analysed here were clearly not used as residential 

camps for any great length of time. It is difficult to identify whether rockshelters predominately 

represent peripheral ‘location’ places (Binford 1980:9) near residential bases or task-specific 

places visited during logistical trips. Ambrose and Lorenz’s (1990) modelling of resource 

structure and behavioural correlates (and O’Connor et al. 1993) suggested that foragers moving 

amongst resources in the semi-arid Pilbara mostly practiced a residential foraging scheme 

(Chapter 5). Trips out from a residential base, perhaps more than a day away, probably took 

place at times. However, distinctions between peripheral and base areas are less important in 

residential mobility scenarios as these places are often used in similar ways (Davies et al. 2018).  

Quantifying artefact movement directly means that human movement can be understood in 

contexts beyond just rockshelters. For example, the depletion of cortex and volume at Juukan 

2 is connected to their transport to and from other places in the landscape. This represents a 

larger system of technological planning and behaviour that existed beyond rockshelters. 

Different aspects of this provisioning system should be reflected in cortex and volume ratios at 

different places in the landscape. For example, most core decortification took place away from 

the three rockshelters reported here and probably occurred at quarries. Assemblages at these 

places should exhibit high cortex ratio values. Sites that are occupied for longer periods of time 

(e.g. camping grounds near water) should also contain higher frequencies of discarded 

transported cores as well as tools. These scenarios are primarily influenced by mobility and the 

spatial distribution of preferred raw material in the landscape.  

Modern-day Pilbara environment and arid zone ethnography and archaeology (e.g. Barton 

2008; Cane 1987; Gould 1971, 1977, 1980; Smith 2006, 2013; Thorley 2001; Veth 1993) hint 

at the nature of subsistence and movements that were required to navigate the Pilbara 

Pleistocene landscape. The distribution and availability of potable water fluctuated markedly 

through time depending on both short-term events (e.g. seasonal rainfall patterns and cyclonic 
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events) and long-term climatic events (e.g. ENSO, LGM) that influenced the viability of 

landscapes for sustaining Aboriginal populations. The short-term decisions that people made 

about when and where to move were triggered by resource availability and social requirements 

and these held long-term consequences that are visible in the archaeological record (Barberena 

et al. 2017). In the context of a seasonal subsistence base, core-based mobile toolkits are a good 

option as flexible tools are made available for anticipated activities which required shorter-

distance movements across a landscape with resources in patches, some of which were 

seasonally predictable. The low intensity but continued artefact deposition at Juukan 2 and 

Yurlu Kankala could reflect pulses of seasonal or annual cycles of visits but this is difficult to 

substantiate. Assuming that the presence of emu eggshell in Holocene units at Juukan 2 

represent consumed eggs, they suggest site visits by people in the cooler months (Malecki and 

Martin 2002:167), at least during the last few thousand years. Further analyses of the faunal 

record at Juukan 2 may throw light on palaeoenvironment and seasonality. However, this 

research demonstrates that changes in aspects of mobility through time and space are apparent, 

and it is those that occurred in the time periods bracketing the LGM that are of most interest 

here.  

A COMPLEX REGIONAL PATTERN OF HUMAN OCCUPATION 

DURING THE LAST GLACIAL MAXIMUM 

The relationship between the cold and arid conditions of the LGM and human occupation of 

the Australian arid zone has long been a prominent area of archaeological research. The Pilbara 

uplands are commonly viewed as a refugium for Pleistocene Aboriginal populations because 

they are richer in biodiversity and resources than the surrounding plains and deserts (e.g. 

Hiscock 1988; Hiscock and Wallis 2005; Lampert and Hughes 1987; O'Connor et al. 1993; 

Smith 1988, 2013; Veth 1989, 1993). We now know that the LGM was more volatile than just 

an ‘extended arid period’: considerable annual and inter-annual regional variability including 

short duration active IASM and winter rainfall occurred across parts of the arid and semi-arid 

zone (e.g. Denniston et al. 2013a:164; Field et al. 2017). It is not surprising then, that the LGM 

archaeological record is so variable. Some Pilbara and Carnarvon sites show unambiguous 

evidence for LGM site visits, others have equivocal LGM sequences or markedly decreased 

occupations, and others still appear to exhibit stratigraphic, chronological and/or cultural 

discontinuities bracketing the LGM (Barberena et al. 2017; Vannieuwenhuyse 2016; Veth et 
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al. 2017a). Despite this varied and extensive record, there are few detailed analyses of human 

occupation spanning this period. One of the reasons for this is the lack of high-resolution 

chronological sequences that span the LGM. There is unambiguous evidence for LGM 

occupation in the Pilbara uplands, but comparison of cultural material from before, during and 

after this phase is required to examine the nature of occupation.  

My other two research questions aimed to fill this gap in knowledge: Is there any evidence for 

change in rockshelter use through the Pleistocene? And what, if any, assemblage traits might 

represent behavioural responses to environmental change during the Pleistocene? Together, 

Juukan 2, Murujuga Rockshelter and Yurlu Kankala provide a high-resolution dataset (Table 

11.1) that provides evidence for changing rockshelter use and technological practices through 

the Pleistocene. From this, changes that may represent human responses to the significant 

environmental changes that occurred during the LGM can be identified. 

Table 11.1. Comparison of chronometric artefact density (used here to account for differences in sample area) 
at the three rockshelters. LGM occupation phases are shaded in grey.  

Juukan 2 Murujuga Rockshelter Yurlu Kankala 

Age range 
(cal ka BP) 

Lithics per cubic 
m per ka 

Age range 
(cal ka BP) 

Lithics per cubic m 
per ka 

Age range 
(cal ka BP) 

Lithics per cubic 
m per ka 

≤ 1.7 892   ≤1.9  11 

  ≤9 54 10 –5.4 0 

12.9–1.7 45 14–9 195 17.6–10 5 

  18–14 111 18.4–17.6 513 

23.8–16.4 32 20.9–18 40 24/23–18.4 100 

30–23.8 16   42.4–24/23 31 

43.6–40.8 58   44.7–42.4 43 

 

I focus on Yurlu Kankala and Juukan 2 in the following discussion because these two sites 

contain long and high-resolution Pleistocene sequences that demonstrate unambiguous LGM 

occupation. Markedly similar patterns are apparent in their lithic assemblages. Both sequences 

show clear pulses of occupation prior to 40 ka (Table 11.1). Eight other rockshelters dotted 

across the Pilbara and Carnarvon bioregions were also visited for the first time prior to 40 ka 

(Figure 11.1). Early site visits to Yurlu Kankala most likely occurred because it is a large and 

highly visible rockshelter and is only 1.1 km from a major water corridor. The location of 

Juukan 2 400 m from a creek corridor that provides a route into the ranges to the north and 

south also probably contributed to its early and then repeated use through time. Travelling 
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along water corridors allowed people to easily navigate physical and cultural landscapes and 

maintain long distance social networks, which are crucial for successful colonisation and 

subsequent settlement in arid regions (Kelly 2003; Meltzer 2006:36). During these early site 

visits, the IASM was more active, conditions were more humid, and lower evaporation rates 

until at least 45 ka meant that potable water was more widely available than it was today (Cohen 

et al. 2012; Johnson et al. 1999). Human movement was less constrained. Between 46–40 ka, 

climate started becoming drier and less humid.  

 

Figure 11.1. The Pilbara and Carnarvon bioregions showing spatial distribution of Pleistocene archaeological 
sites and major watercourses (elevation data from Commonwealth of Australia [Geoscience Australia] 2011. 
Bathymetric data provided and compiled by Tom Whitley using Lambeck et al. 2014; Siddall et al. 2003; 
Waelbroeck et al. 2002; Yokoyama et al. 2001a). 

(1) Boodie, (2) C99, (3) Cleft, (4) Djadjiling, (5) Gum Tree Valley rock engravings, (6) Jansz, (7) Juukan 1, (8) 
Juukan 2, (9) Kakutungutanta (CB10-93), (10) Kariyarra, (11) Kunpaja, (12) Malea (Jundaru), (13) Mandu Mandu 
Creek, (14) Marillana A, (15) Mesa J24, (16) Milly's Cave, (17) Newman (P0187) Orebody XXIX, (18) Newman 
(P2055.2), (19) Noala, (20) Pilgonaman, (21) Watura Jurnti, (22) Yardie Well, (23) Yirra, (24) Yurlu Kankala, (25) 
DE-SH 1, (26) John Wayne Country Rockshelter, (27) HS-A1, (28) Hope 1-41, (29) HD07-3a-PAD13, (30) 
Murujuga Rockshelter. 

 

Chronometric artefact density decreases at both sites after the initial pre-40 ka phase of 

occupation. At Yurlu Kankala this occurs from 42.4 cal ka BP to 24/23 cal ka BP. Discard rates 
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at Juukan 2 decrease between 30–23.8 cal ka BP (the nature of occupation between 40–

30 cal ka BP is unknown). The period 32 to 20 ka represents the driest phase for the last 

100,000 years in the northwest, with virtually no summer rain (0–60 mm per annum, van der 

Kaars et al. 2006). O’Connor et al. (1993) suggested that population levels increased prior to 

the LGM, as people were more mobile during this time over wider foraging ranges that included 

areas other than refugia. Expansion is suggested by initial visits to three other rockshelters in 

the Hamersley Range (Hope 1-41, Mesa J24 and Newman Orebody, Figure 11.1) during this 

phase. However, lithic discard rates reflect the low population estimates modelled by time 

series analysis of radiocarbon dates during this period (Williams 2013; Williams et al. 2013, 

2015).  

At the onset of the LGM at 24 ka, conditions became markedly drier, windier and more arid, 

resulting in a less predictable resource base as summer rainfall nearly disappeared completely 

until c.20 ka. At a time when many sites in the Australian arid zone present discontinuities 

bracketing the LGM, Bayesian modelling clearly shows continued site visits at Juukan 2 and 

Yurlu Kankala through the height of glacial aridity. Murujuga Rockshelter, situated in the 

Dampier Range to the north, is also briefly visited for the first time. Significant changes in the 

Juukan 2 and Yurlu Kankala lithic assemblages occur concurrently during the LGM. Both sites 

show a marked increase in artefact discard rates (Table 11.1), a statistically significant increase 

in the proportion of materials including BIF in their stone assemblages and contrasting shifts 

in relative occupation duration (Chapters 8 and 10). A key point to note here is that core 

transport continued through the LGM, suggesting continued short distance movements across 

similar catchments through the height of glacial aridity. This contrasts notions of increased 

mobility distance during the LGM, at least in the local upland catchments investigated.  

However, there are key differences in local environment and resource factors between the two 

rockshelters. Both are in broadly modelled upland refugia but Yurlu Kankala is in an area with 

permanent water sources while Juukan 2 is not. This is a critical point. Refugia must be assessed 

by their food resources and the distribution of water sources in the landscape (Smith 2013:112). 

Arid zones have fragile ecosystems even during interglacial phases, and even slight shifts in 

climate during dry periods would have affected human occupation because of an increase in 

ecological unpredictability and associated risks (Ambrose and Lorenz 1990; Mandryk 1993). 

Optimal Foraging Theory (OFT) predicts that groups will have to move their residential bases 

more often or risk depleting resources if resources are thinly distributed and/or more 
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unpredictable (Ambrose and Lorenz 1990; Kelly 2007; Winterhalder 2001). Smith (2013:123) 

suggested a point-to-point pattern of frequent movement and subsistence across a grid of main 

water sources in ranges or upland deserts. Spatial relocations and demographic contractions 

across the Australian arid zone during the LGM are suggested by time-series analyses of 

radiocarbon dates (Williams 2013; Williams et al. 2013, 2015) and archaeological records (e.g. 

Hiscock 1988; O'Connor et al. 1993; Smith 1988, 2013; Veth 1989, 1993). Significant declines 

in population occurred during the LGM that did not recover until the early Holocene (Smith et 

al. 2008; Williams 2013; Williams et al. 2013, 2015). Williams (2013) suggested that continent 

wide population fell by as much as 61% between 21 and 18 ka. Within this context, Juukan 2 

and Yurlu Kankala present an opportunity to examine and compare human responses to the 

LGM in Pilbara refugia with different water distributions. 

WELL-WATERED UPLANDS 

Semi-permanent and permanent water sources are spatially clustered in a 1.5 km area around 

Yurlu Kankala. Although occupation of this large shelter was occasional at best, artefact 

discard rates are highest between 24/23 and 17.6 cal ka BP (Table 11.1) and occupation 

duration ratios indicate an increase in the duration of site visits compared to other phases. This 

suggests that mobility frequency was comparatively lower during the LGM compared to all 

other phases of rockshelter use. Increased ecological unpredictability can result in a greater 

reliance on these types of favoured uplands and this may have included a decrease in residential 

mobility and an increase in logistical foraging as a way to buffer against increased risk 

(Ambrose and Lorenz 1990; Barberena et al. 2017). Indeed, increased use of BIF – perhaps the 

most locally ubiquitous material found in this upland region – for making stone tools suggests 

that people spent more time in this permanently watered gorge system.  

Murujuga Rockshelter, located in the northern Dampier Range, was first visited around 

20.9 cal ka BP, during the later stage of the LGM. The presence of people on the Dampier 

Range at this time is significant as it supports the idea that these ranges were able to support 

human populations at times during extremely arid phases. The LGM assemblage is very small 

and it is therefore difficult to infer technological behaviour during this time beyond knowing 

that there was little on-site reduction of mostly local material (brought into the shelter from 

other places on Murujuga) during very brief visits. Site visits were so brief that no cores were 

left at the shelter. The presence of several pieces of non-local chert and chalcedony discarded 
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during the LGM may indicate greater foraging ranges compared with later periods – and the 

presence of a black quartz manuport hints at an insight into social networks – but tool-stone 

sources are currently unknown.  

Reductions in territory affected both social organisation and foraging strategies (Gould 1980, 

1991; Thorley 2001; Veth 1993). One implication of territorial retraction is the regional 

integration of groups as they fell back on permanent waters, potentially into other group 

territories (Gould 1980). Social cohesion may only be discernible at Yurlu Kankala through 

the identification of territorial reorganisation by groups during this time (Veth 2005). Spatial 

reorganisation also implies demographic change. Some researchers suggest that there may have 

been a population increase in well-resourced areas during the LGM as groups fell back on the 

same waters and from forms of economic intensification (Edwards and O'Connell 1995; 

Fullagar and Field 1997; O'Connor et al. 1993; Thorley 2001). There is no direct evidence for 

this, but demographics are obviously difficult to substantiate from low density rockshelter 

records and without data from more sites. An increase in Aboriginal use of the southern 

Hamersley Range is suggested by initial visits to Milly’s Cave, DE-SH1 and Yirra during the 

LGM (Chapter 5). Several other sites within the Hamersley Range do not display convincing 

evidence for continued LGM occupation or contain discontinuities that suggest abandonment. 

This spatial and temporal variation in rockshelter use is not surprising given the variability in 

mobility and subsistence-settlement that occurred through the Pleistocene and particularly 

during extremely arid phases. Variation between different catchments probably reflects 

differences in local resource scheduling and mobility patterns (see below). 

Recent research in adjacent regions also provide support for the refuge model. Maloney et al. 

(2018) interpreted the presence of abundant fish bone and increase in mussel shell during the 

LGM in Carpenter’s Gap as signalling gatherings of people around the permanent water pools 

at Windjana Gorge in the adjacent Kimberley region during extremely arid phases. Increased 

lithic discard rates occur between 22.4–17.1 cal ka BP. A higher diversity of lithic material and 

increased use of local low-quality quartz indicates an increased foraging range and more 

intensive use of the gorge during the LGM (Maloney et al. 2018:219). Similar results to that 

found at Yurlu Kankala are found in well-watered areas across the Australian arid zone (e.g. 

Hamm et al. 2016; Hiscock 1988; McDonald et al. 2018c; Smith 2013), and indeed, from other 

southern hemisphere deserts (e.g. Wilkins et al. 2017). Increased use of areas with reliable 

water sources and associated resources clearly formed a key part of human adaptation to 
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extreme aridity during the LGM. However, it is the occupation records in the less well-watered 

landscapes that are critical for defining change and understanding the extent of human 

adaptation.  

MARGINAL UPLAND AREAS 

In contrast to the local Yurlu Kankala landscape, no major water sources occur within 

proximity to Juukan 2 in the northwest Hamersley Range (Figure 11.1). The three small rock 

holes in Juukan gorge only fill with water after rainy periods and Purlykuti Creek is a minor 

ephemeral tributary of the larger but still ephemeral Boolgeeda Creek which is 5.5 km north of 

the site. This area more closely fits into the concept of a “passing-through” place (Veth 1993) 

rather than a refugium with spatially clustered resources. The presence of Aboriginal people in 

this ecologically poor area of the Hamersley Range during the LGM is significant as it is 

expected that groups retreated to more productive areas during periods of environmental stress. 

It is also surprising that this rockshelter is used more frequently during the LGM compared to 

the previous phase (30–23.8 cal ka BP). Occupation duration ratios suggest that rockshelter 

visits between 23.8–16.4 cal ka BP were of comparatively shorter duration than during any 

other time. The assemblage displays a high frequency of discarded transported cores while 

rates of debitage discard were markedly lower, indicating little on-site reduction as foragers 

stopped for short periods of time, discarding components of their mobile toolkits. Shorter 

occupation durations signal higher mobility frequency. Like Yurlu Kankala, the Juukan 2 LGM 

assemblage displays a clear increase in BIF use, a material which is also ubiquitous in and 

around Juukan Gorge. However, the continued transport of small cores in and out of Juukan 2 

indicates non-local procurement during short duration visits, and it is possible that the increased 

use of BIF during the LGM is not linked in with the changing frequency of site use at Juukan 

2.   

When considered in the context of the LGM environment, higher mobility frequency and 

increased rockshelter use during the LGM correlates to expectations for sites located near 

ephemeral water sources (Chapter 3). As discussed above (also see Slack et al. 2009), use of 

the rockshelter is most likely linked to locally variable weather conditions. The gorge was 

visited when water flowed in the creek and/or was available in the rock holes or drainage line 

in the gorge itself. At face value then, this suggests that more local rainfall occurred during 

glacial aridity than before it, but the LGM was overall an extremely dry and arid period. 
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Although local precipitation in the Hamersley Range almost certainly varied, it is very unlikely 

that increased rainfall occurred during the last glacial. However, it is precisely these upland 

areas with water entrapping features that would have become particularly attractive to people 

after periodic rainfall during enhanced aridity.  

The increased importance of places like Juukan Gorge during the LGM explains its greater use 

during a drier phase. Small, highly mobile groups increased their foraging range and frequency 

of movements after rainfall to include wider spatially scattered and more unpredictable 

resources (O'Connor et al. 1993). This resulted in increased but shorter duration visits to 

smaller upland water sources. Indeed, preliminary pollen analysis from Juukan 2 shows the 

effect of enhanced aridity on local vegetation structures (Chapter 7).  This ‘rain-chasing’ 

movement is described in arid zone ethnographic records and archaeological models to explain 

marginal landscape use in a point-to-point system of subsistence (see above, and for example, 

Cane 1987; Gould 1991; Smith 2013; Thorley 2001; Veth 1989, 1993, 2005). This movement 

pattern also explains the continued use of Jundaru, located to the southeast in a gully with only 

ephemeral water sources, through the LGM. The debris to core ratio also indicates that site 

visits at Jundaru were of markedly shorter duration than during other Pleistocene phases (Table 

11.2), which fits in with the Juukan 2 results. However, the debris to tool ratio does not show 

the same pattern. I acknowledge here that the debris to core ratio is only approximate because 

I have not been able to assess which of the cores discarded at Jundaru were likely to have been 

transported (although they are all small, < 87 mm, (Cropper 2018c:126–130). The debris to 

core ratio was not able to be calculated for the LGM assemblage at nearby Djadjiling (c. 5 km 

to the southeast) because no cores were left on site at that time. However, the debris to 

retouched tool ratio indicates longer durations between 23–16 cal ka BP.  

Table 11.2 Occupation duration ratios for Djadjiling and Jundaru (data used for ratios from Cropper [2018c] 
and Law and Cropper [2018]).  

Djadjiling        
AU (cal ka BP) 

Debris to core 
ratio 

Debris to tool 
ratio 

Jundaru                  
AU (cal ka BP) 

Debris to core 
ratio 

Debris to tool 
ratio 

AU2 (16.5–7) 50 9 AU5 (16–12) 109 71 

AU3 (23–16.5)   39 AU6 (23–16) 87 56 

AU4 (30–23) 76 25 AU7 (30–23) 133 24 

AU5 (38–30) 33 4 AU8 (36–30) 102 25 

AU6 (40–38) 110 19 
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In this context, increased artefact discard at Juukan 2 between 23.8–16.4 cal ka BP reflects 

increased frequency of site visits rather than increased group size as larger groups are less 

sustainable in poor environments (Meggitt 1962). OFT predicts that small group sizes, high 

diet breadth and very permeable territorial strategies that facilitate social interactions and the 

flow of information are behavioural correlates in landscapes with thinly distributed and/or more 

unpredictable resources (Ambrose and Lorenz 1990; Kelly 2007; Winterhalder 2001). Perhaps 

possession of knowledge about the landscapes in which people moved was more vital to people 

than altering their technology and social structures according to changing surroundings. These 

behaviours buffered the effects of environmental change or scarce or unpredictable resources 

(Wiessner 1982). The increased presence of people at Juukan 2 during the LGM, then, indicates 

the presence of wider flexible networks of mobility and territory rather than a possible 

detraction in mobility frequency as seen at Yurlu Kankala. This study reinforces earlier work 

(e.g. Cane 1987; Gould 1977, 1991; Thorley 1998b, 2001; Veth 1993) that highlights the 

importance of ephemeral water sources in facilitating use of arid and semi-arid areas. Smaller 

water sources, such as those found at Juukan gorge, are shown here to have played an important 

part in the continued settlement of areas during the LGM. The mobility identified from the 

Juukan 2 stone assemblage, of frequent short-distance movements across landscapes, fits in 

with a pattern of movement between ephemeral water sources in and around the uplands.  

THE POST-GLACIAL LANDSCAPE 

Although precipitation increased after 20 ka, climate instability continued until the return of 

the summer monsoon in the Pilbara by 14–13 ka (Field et al. 2017; van der Kaars and De 

Deckker 2002; van der Kaars et al. 2006). Time-series analysis of Australia-wide radiocarbon 

dates suggests that population densities did not recover from pre-LGM levels until 

approximately 9.6 ka (Williams 2013) but this would have varied greatly between regions and 

within local territories. Five sites in the Hamersley Range, Cape Range and northern ranges in 

the Pilbara are visited for the first time prior to monsoon reactivation (18–14 ka). Warmer 

temperatures and gradually increasing surface water availability expanded foraging ranges and 

enabled increased use of marginal landscapes. However, the very low artefact discard rates 

from the inland Pilbara record suggests a pattern of very non-intensive rockshelter/cave use 

between 18 and 12 ka despite an increase in the overall number of sites occupied (e.g. Marwick 

2002a; Marsh et al. 2018). Artefact discard rates at Juukan 2 remained relatively constant 

through the post-glacial period (until c.16.4 cal ka BP, Table 11.1), but core discard decreases 
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markedly during this time. However, occupation ratios signal that relatively longer duration 

site visits occurred during this phase. Indeed, the presence of a single locally obtained ironstone 

core indicates some use of local materials. There are no records for the period of occupation at 

Juukan 2 between 16.4–12.9 cal ka BP (Chapter 7). 

In contrast to Juukan 2, the Yurlu Kankala sequence shows a marked change in rockshelter use 

during the terminal Pleistocene. After 17.6 cal ka BP there is a marked drop in stone artefact 

discard rates across the site. This appears to suggest reduced use of the uplands as resident 

groups increasingly ventured into new regions. However, while artefact rates drop markedly, 

the hearth palimpsest (Unit C) suggests that human activity at the site continued and may have 

increased. This, together with the near absence of stone tools, could suggest the presence of 

organic ‘intangible’ technologies made on wood and fibre that have not been preserved. 

Artefacts made on organic materials (bone point, human hair fibre) only occur in the Juukan 2 

assemblage. However, the presence of backed artefacts, burins and tulas at Juukan 2 and large 

scrapers at all three rockshelters, and the results of recent use-wear and residue research on 

tools from Djadjiling and Jundaru (Fullagar 2018), provide evidence for the presence of organic 

technology in the toolkits from this site. Perhaps visitors to Yurlu Kankala were undertaking 

short term task-specific activities that simply did not require stone tools. Regardless of what 

specific activities took place during climatic amelioration, the Yurlu Kankala record clearly 

shows a change in rockshelter use occurred as people’s circumstances improved after the LGM.  

The Murujuga landscape underwent perhaps the most significant change in the terminal 

Pleistocene and early Holocene as the sea slowly grew closer until islandisation occurred. As 

the landscape transformed, artefact discard rates steadily increase, indicating increased use of 

the rockshelter. During this time, foragers discarded more artefacts made of local granophyre 

and discard of non-local materials decreases. This could signal smaller foraging ranges as 

groups spent more time within the Dampier Range, until the sea reached the rocky ranges and 

groups began to intensively utilise the newly formed coastline and associated resources.  
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RESEARCH IMPLICATIONS AND SIGNIFICANCE OF FINDINGS 

ASSEMBLAGE FORMATION AND PLEISTOCENE MOBILITY  

The application of alternative methods to identify facets of assemblage formation, through 

relative occupation duration and artefact transport, has in effect ‘unlocked’ the variation in 

Pleistocene rockshelter assemblages in the Pilbara. In particular, I highlight the effect of 

artefact transport on assemblage formation. Artefact transport, alongside other cultural and 

natural processes, requires consideration before making interpretations about human behaviour 

from stone artefact assemblages, particularly from reduction indices as these measures are 

strongly influenced by transport. The transport indices also show the need to consider both 

flake and core analyses together as cores left at a site often do not represent the full range of 

reduction methods used to produce flakes, particularly in a system of extensive core transport. 

Reconstructing what is missing from an assemblage in addition to what remains is critical to 

making correct interpretations of assemblage variability.  

Significantly, the results have pushed our understandings of Pleistocene mobility beyond the 

over-simplistic and reductive category of ‘highly residentially mobile’ (e.g. O'Connell and 

Allen 2012). Pleistocene hunter-gatherers living in the Pilbara uplands were highly mobile 

across short distances in local catchments, but site occupation duration (mobility frequency) 

shifted across time and space. The pattern of frequent short distance mobility has implications 

for our understandings of Pleistocene mobility more generally, as it directly contrasts notions 

of long distance mobility. This is particularly pertinent for LGM archaeology and human-

environment dynamics, as the results suggest that mobility strategies and technological 

planning were well in place before the LGM and were not strongly impacted by environmental 

change. This implication is discussed in more detail below.  

This analysis demonstrates the importance of applying techniques to identify mobility variables 

rather than conceptual constructs that mask variability and the complex, multi-dimensional 

nature of human mobility. This is important because it is now possible to compare this data to 

similar mobility work in other areas, such as that has recently been undertaken in the coastal 

Carnarvon region (Ditchfield 2017). Furthermore, mobility research often focuses on 

transported tools and on elements of tool design, but the pattern of core transport observable 

through the Pleistocene and Holocene in the inland Pilbara signals that we need to think 
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differently about how toolkits and raw material movement are conceptualised. Indeed, that 

foragers in the Pilbara uplands preferentially selected nodules, intensively reduced them and 

transported them shows a different archaeological signature to that typically expected of 

landscapes with abundantly available materials. It cannot be presumed that raw material 

procurement in these lithic landscapes is simply local and expedient, and Pilbara upland studies 

need to consider this.  

The work of Simon Holdaway and colleagues (Douglass and Holdaway 2011; Douglass et al. 

2008; Holdaway et al. 2010a) proved the validity of the cortex ratio in western New South 

Wales through identifying the predominant transport of large cortical flakes. Ditchfield’s 

(2016a) experimental work showed the potential of the transport indices to distinguish three 

different pattern of artefact transport. However, the study presented here has highlighted a 

transport scenario not yet modelled for or identified: the removal of cores from an assemblage 

produced from partially cortical nodules. This pattern appears to be a characteristic of Pilbara 

rockshelter assemblages and illustrates the need for caution when making interpretations from 

skewed rockshelter occupation sequences. Use of this approach, however, means that sites 

(individual activity areas in a landscape) can be connected through artefact transport. In 

essence, we can move to a more landscape based approach even when we only study several 

sites.  

CONCEPTS OF REFUGIA 

New evidence from three key sites in the Pilbara uplands improves our understanding of human 

responses and interactions to adverse environmental conditions and the concept of refugia. The 

pollen sequence from Juukan 2 (Chapter 7), together with recent palaeoenvironmental 

indicators from Jundaru and Djadjiling (Haberle et al. 2018; Herries 2018; Wallis 2018), 

demonstrate the effects of aridity on local vegetation sequences in the Hamersley Range. 

Despite this highly arid phase, Aboriginal people continued to use rockshelters and stone 

technology in similar ways through the LGM. In fact, the main change in site use at Yurlu 

Kankala is not associated with the LGM but occurs between 17.6–10 cal ka BP. Significantly, 

records from Juukan 2 and Yurlu Kankala demonstrate starkly different patterns of site use and 

mobility frequency during the LGM. The results validate previous work in the Pilbara and 

elsewhere (e.g. Hiscock 1988; O'Connor et al. 1993; Veth 1993; Williams et al. 2014a) by 

illustrating continued use of upland areas with permanent water sources (Yurlu Kankala and 
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Murujuga Rockshelter). However, the evidence from Juukan 2 shows that people continued to 

use this marginal part of the Pilbara uplands through the height of glacial aridity, but for shorter 

and more frequent periods of time. High frequency and short-distance residential mobility was 

a well-entrenched pattern that was resilient against changing environmental regimes. Changes 

in raw material proportions during the height of glacial aridity occur at most sites but it is 

difficult at present to ascertain what they relate to without targeted provenance work. At Yurlu 

Kankala, changes in material preference fit in with the wider change in site use behaviour. 

However, it is more difficult to understand the driver/s behind a change in raw material use at 

Juukan 2, given the context of occupation during the LGM, and indeed, at other Pilbara sites.  

These results illustrate the need for LGM studies in Australia and elsewhere to move beyond 

the broad refuge concept, to consider blocks of uplands or riverine areas to which people 

retreated as highly variable in terms of both environment and human occupation and investigate 

them as such (also see Smith 2013:156). By lumping together human occupation in refuges, 

we miss the subtler variation that actually provides the most insight into human-environment 

dynamics. This research demonstrates the clear adaptability of hunter-gatherers to enhanced 

arid conditions, both in well-watered uplands and in ecologically sub-optimal areas and is 

highly relevant to LGM research in other parts of the world. Indeed, recent work in Europe 

also suggests that major climatic phases were internally highly variable and may have permitted 

temporary range expansions into a wide spectrum of habitat suitability (Burke et al. 2018; 

Fontes 2016; French and Collins 2015; Gamble et al. 2004; Jochim 1987; Leesch et al. 2012; 

Montet-White and Williams 1994; Straus 2015; Terberger and Street 2002; Wilkins et al. 

2017). Higher-resolution palaeoenvironmental and archaeological records will only continue 

to uncover the dynamics of human adaptability during glacial periods.  

FUTURE RESEARCH 

The application of a series of transport indices to the Juukan 2 stone assemblage is promising 

but clearly deserves further refinement. A critical area of further work identified here is finding 

alternative ways to calculate original nodule size that are independent from the cores discarded 

in the assemblages. This will reduce the circularity of the calculations for producing cortex and 

volume ratios and provide more accurate reconstructions of lost or gained cortex and volume. 

The transport scenario identified at Juukan 2 has not yet been simulated using an experimental 

assemblage. Therefore, exactly how transport indices interact and change in this scenario is not 
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known. This reflects a bigger issue in Pilbara archaeology as most of what we know about 

Pilbara lithic technology comes from archaeological assemblages rather than from 

experimental work. Experimental work (using local materials) would allow a much better 

understanding of variation in nodule characteristics and transport scenarios. This needs to be a 

key area of research as the review of the regional rockshelter record (Chapter 5) indicates that 

partially cortical nodule transport is a feature of sites in the Pilbara uplands. To be able to 

answer the question of “where are the cores?”, other site types require investigation, but this is 

at present difficult. Terminal Pleistocene open-air middens have recently been excavated on 

the Dampier Archipelago (Joe Dortch pers. comm. 2018; Jo McDonald pers. comm. 2018) but 

no open-air Pleistocene sites have yet been excavated in the inland upland ranges. However, 

application of the suite of transport indices to the many Holocene open-air artefact scatters and 

quarries dotted across the Pilbara, particularly those recorded near Juukan 2, will provide an 

indication of the pattern of artefact movement across landscapes and will aid in connecting 

different site types. The complete absence of sourcing work in the Pilbara uplands is a 

significant issue that requires redressing. This is particularly relevant in the context of these 

results that demonstrate that tool-stone was extensively transported, despite suitable material 

being locally available in proximity to rockshelters. Understanding distance to source through 

geochemical sourcing is the next step in dramatically enriching our understanding of 

technological strategies and human movement (e.g. Cochrane et al. 2017; Nash et al. 2013; 

Sánchez de la Torre et al. 2017).  

The enhanced Pilbara LGM record as presented here should serve as a baseline for further 

regional comparisons, to be tested against environmental and archaeological data. In particular, 

marginal landscapes should be targeted to examine the impact of human adaptation in 

ecologically poor areas. Further excavations should include micromorphology where possible 

to identify natural and cultural site formation processes that are not visible at the macro level 

but that are important for reconstructing site formation processes (Vannieuwenhuyse et al. 

2017). Continuing the focus on producing local palaeoenvironmental histories will showcase 

the nuances of environmental change across the arid zone and enhance archaeological 

interpretations. Site chronologies also require further refinement, especially those relating to 

the terminal Pleistocene at Juukan 2 and Yurlu Kankala, a still under-researched period of time 

(Smith 2013). Marked changes in site use are apparent during climate amelioration, and the 

presence of these changes provide an exciting glimpse into the continued variability in 

rockshelter use and human occupation of the uplands through the terminal Pleistocene.  
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CONCLUDING REMARKS 

Lithic analyses at Juukan 2, Murujuga Rockshelter and Yurlu Kankala have added substantial 

new knowledge to our understandings of Pleistocene human movement, the nature of LGM 

Pilbara occupation and the development of human adaptive strategies under increasingly arid 

conditions. The results demonstrate that Pleistocene transport patterns can be distinguished by 

directly quantifying geometric artefact attributes. They provide context for asking new 

questions about Pleistocene human mobility in terms of the formation of archaeological 

patterning at rockshelters and throw light on a new dimension for understanding Pleistocene 

lithic assemblage variation in arid landscapes.  

Behavioural adaptations in the form of changing mobility frequency during the LGM are 

demonstrated by the high-resolution records at Juukan 2 and Yurlu Kankala. These results are 

significant because they move beyond broader continental models to demonstrate a complex 

set of human responses to the LGM within Pilbara upland refugia. Aboriginal populations in 

the Pilbara clearly had resilient and adaptive land-use and mobility systems that were projected 

onto different landscapes and maintained through environmental fluctuations across time and 

space. Embedded in land-use strategies was the ability of people to expand foraging ranges 

during favourable conditions and maximise access to available water sources. Yurlu Kankala 

illustrates increased use of favoured locales whereas Juukan 2 demonstrates continued use of 

sub-optimal foraging areas within local territories after periodic rain when foraging range and 

mobility increased. Areas like this were not always abandoned during the LGM while people 

retreated to well-watered areas but were used strategically during more environmentally 

favourable periods. This system of land-use, where ephemeral water sources played a critical 

role, was a key strategy used by foragers during the LGM, and which persisted through the 

terminal Pleistocene and into the Holocene.  

These concepts are not new (see for example Brown 1987; Gould 1991; Hiscock 1988; Hiscock 

and Wallis 2005; O'Connor et al. 1993; Smith 2013; Thorley 2001; Veth 1989, 1993, 2005; 

Williams et al. 2013) but this study has tested them with high-resolution Pilbara records for the 

first time. Essentially, this research has produced the first detailed archaeological evidence that 

substantiates the modelled behavioural variation within LGM refugia in Australia. These 

results are widely transferable to studies of other arid regions in Australia and elsewhere, such 

as the Arabian Peninsula or the cold arid landscapes in Eurasia during the LGM. Ultimately, 
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this study has elicited fundamental observations on forager mobility, demonstrating that 

valuable reconstructions of mobility can be discerned from time-averaged archaeological 

assemblages and that advance our understanding of the immense variability in past human 

behaviours. 
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APPENDIX 1: YIRRA BAYESIAN ANALYSIS 
 

 

This appendix contains unpublished information provided by Fiona Hook. 

A 1 m x 1 m test pit was excavated at Yirra (Veitch et al. 2005). Two stratigraphic units (SUs) 

were visible. SU 1 (XUs 1-9) extended from the surface to an average depth of 48 cm and 

consists of yellow red sediment which becomes brown and more compacted with depth. SU 2 

(XUs 10-16) comprises reddish brown to strong brown sediment and continued to bedrock at 

a maximum depth of 97 cm. No obvious signs of disturbance were noted at the boundary 

between the two units. Ten radiocarbon dates obtained on scattered in situ charcoal (n=3) and 

charcoal hearths (n=7) in excavation units 1 and 3-11 run in sequence (Table A1-1). A 

radiocarbon date taken from a small Corymbia spp. seed (Wk-12536) in XU 6 is out of 

sequence and considered by Hook (pers. comm. 2017) to either reflect an issue with the dating 

procedure on seeds or is intrusive. Significantly, four hearth features were dated to between 

c.20 ka and 24 ka across c.12 cm of deposit. Each of these age estimates were recovered from 

separately excavated units, all of which contained stone artefacts.   

Table A1-1 Yirra radiocarbon dates. 

ID Material and 
context 

XU Depth below 
surface (cm)  

Radiocarbon age 
determination 
(ka BP) 

Error Unmodelled 
calibrated date 
(95.4%, cal ka BP) 

Unmodelled 
calibrated Median  
(cal ka BP) 

Wk-12534 In situ charcoal 1 4.5 1307 40 1274–1075 1197 

Wk-9147 Charcoal from 
hearth 

3 10.7 1610 50 1568–1352 1459 

Wk-8953 Charcoal from 
hearth 

4 22.1 3230 50 3560–3255 3412 

Wk-12535 In situ charcoal 5 24–29 3702 56 4151–3837 3987 

Wk-12536 Corymbia spp. 
(Bloodwood) 

6 29–34  1057 45 1046–799 919 

Wk-13779 In situ charcoal 6 29–34 10628 74 12710–12180 12560 

Wk-12537 Charcoal from 
hearth 

7 34.5–36 13375 94 16305–15744 16036 

Wk-9148 Charcoal from 
hearth 

8 43.1 16950 90 20639–20109 20390 

Wk-12538 Charcoal from 
hearth 

9 40.5–44 17169 228 21237–19624 20444 

Wk-12539 Charcoal from 
hearth 

10 46–49 18950 470 23805–21505 22679 
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ID Material and 
context 

XU Depth below 
surface (cm)  

Radiocarbon age 
determination 
(ka BP) 

Error Unmodelled 
calibrated date 
(95.4%, cal ka BP) 

Unmodelled 
calibrated Median  
(cal ka BP) 

Wk-8954 Charcoal from 
hearth 

11 55.1 19270 140 23562-22793 23170 

 

I constructed a chrono-stratigraphic Bayesian model using OxCal v. 4.3 to produce a 

chronology which accurately reflects the main occupational periods represented in the Yirra 

sequence. The two stratigraphic units were modelled as phases separated by a contiguous 

boundary. Stratigraphic Unit 1 was separated with a sequential double boundary between XU 

5 (SU 1.1 Holocene, Wk-12535, 3702 ± 112 BP) and XU 6 (SU 1.2 Pleistocene, Wk-13779, 

10628 ± 148 BP) as these dates are separated by a maximum 10 cm of deposit with no change 

in sediment/stratigraphy. Each date was assigned a probability of 5% of being an outlier 

(General t-type Outlier Model, Bronk Ramsey 2009). The first model produced one outlier, 

Wk-12536 (Corymbia sp. seed), and low Amodel (45.4) and Aoverall (45.4) indices. The 

outlier was removed, and the model ran again. The second model produced high modelled 

Agreement Indices (Amodel=107.2, Aoverall=106.9) with all dates having a less than 5% 

chance of being an outlier (Table A1-1 and Figure A1-2).  

The Bayesian model suggests that site visits began from at least 26.5–22.5 cal ka BP (start 

boundary of SU 2). The presence of three stone artefacts below the lowest date (Figure A1-2) 

indicate the presence of people before this time. However, the timing of initial site visits is 

difficult to estimate because of the changes in sedimentation rates through time (Figure A1-2). 

Visits continued until 12.7–6 cal ka BP (median 10.4 cal ka BP). A chronological and 

sedimentation hiatus occurs from this time until 8.3–3.7 cal ka BP (median 4.8 cal ka BP) 

where site visits resume and continue until recent times. Without detailed stratigraphic 

information and further excavation, it is difficult to assess the chronological discontinuity.  
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Table A1-1 Bayesian modelled results at Yirra, excluding Wk-12536.  

 
Unmodelled (95.4%) Summary Statistics  Modelled (95.4%) Summary Statistics Indices 

 from to μ σ m from to μ σ m Agreement Index Outlier Posterior  Convergence 

Boundary Start 2 
    

 26524 22489 23943 1255 23590 
 

97.3 

R_Date 8954 23838 22516 23181 339 23175 23704 22472 23082 322 23070 111.9 95.8 99.8 

R_Date 12539 23992 21824 22879 547 22856 23797 22036 22923 430 22915 101.8 95.7 99.8 

Boundary 
Transition 2/1.2 

   
  23331 20746 22168 701 22281 99.3 

Phase 1.2 
             

R_Date 12538 21306 20087 20684 304 20673 21290 20069 20664 308 20656 101.4 95.6 99.6 

R_Date 9148 20870 19955 20397 229 20395 20872 19945 20394 233 20392 101.1 95.8 99.7 

R_Date 12537 16603 15418 16032 284 16033 16616 15400 16033 298 16033 100.4 95.5 99.6 

R_Date 13779 12736 12026 12440 204 12481 12750 12013 12461 224 12497 102.3 95.4 99.8 

Boundary End 1.2 
    

 12680 5972 10152 1940 10675 
 

98.8 

Boundary Start 1.1 
    

 8319 3668 5240 1360 4789 
 

99 

Phase 1.1 
             

R_Date 12535 4385 3650 4002 164 3996 4381 3640 3963 234 3971 100.1 95.2 99.5 

R_Date 8953 3685 3157 3404 127 3409 3686 3145 3403 135 3408 100.7 95.8 99.8 

R_Date 9147 1701 1300 1476 105 1469 1701 1300 1477 107 1469 101.1 96.2 99.8 

R_Date 12534 1308 982 1168 84 1176 1313 983 1179 87 1187 102.1 96 99.8 

Boundary End 1.1 
    

 1318 -2108 233 1224 628 
 

96.9 
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Figure A1-1. Bayesian modelled results at Yirra, excluding Wk-12536.  

 

 

Figure A1-2. Yirra artefact discard (lithic count in base of columns) and age-depth graph using median 
calibrated age ranges.  
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APPENDIX 2: JUUKAN 2 CORTEX AND 

VOLUME RATIO CALCULATIONS 
 

 

This appendix contains cortex and volume ratio calculations for Juukan 2 lithic assemblages 

using ≥ 20 mm complete flake and core assemblage components. Surface area values are in 

cm2 and volume values are in cm3.  
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Table A2-1. Cortex and volume ratio calculations for Juukan 2 BIF assemblages. 

SU  
(cal ka BP) 

Complete 
cores 

Total 
lithics 

Observed 
cortical 
surface area 

Expected 
cortical 
surface area 

Observed 
assemblage 
volume 

Expected 
assemblage 
volume 

Initial 
cortex 
Ratio 

Initial 
volume 
Ratio 

Modified 
expected cortical 
surface area 

Modified expected 
assemblage volume 

Final 
cortex 
Ratio 

Final 
volume 
Ratio 

SU1:  
≤ 1.7 

5 170 197.7 765.5 395.3 890.7 0.26 0.44 616.0 1231.9 0.32 0.32 

SU2:  
12.9–1.7 

4 237 399.6 721.5 639.2 911.2 0.55 0.70 647.8 1036.2 0.62 0.62 

SU3:  
23.8–16.4 

26 367 975.4 2947.1 1519.7 2950.4 0.33 0.52 2449.1 3815.7 0.40 0.40 

SU4a:  
30–23.8 

7 142 464.1 968.5 689.0 1071.3 0.48 0.64 849.6 1261.3 0.55 0.55 

SU4b:  
43.6–40.8 

1 44 40.3 316.1 153.6 528.5 0.13 0.29 236.1 899.5 0.17 0.17 

 

Table A2-2. Cortex and volume ratio calculations for Juukan 2 chalcedony assemblages. 

SU  
(cal ka BP) 

Complete 
cores 

Total 
lithics 

Observed 
cortical 
surface area 

Expected 
cortical 
surface area 

Observed 
assemblage 
volume 

Expected 
assemblage 
volume 

Initial 
cortex 
Ratio 

Initial 
volume 
Ratio 

Modified 
expected cortical 
surface area 

Modified expected 
assemblage volume 

Final 
cortex 
Ratio 

Final 
volume 
Ratio 

SU1:  
≤ 1.7 2 50 41.4 128.0 48.9 96.3 0.32 0.51 106.0 125.3 0.39 0.39 

SU2:  
12.9–1.7 0 20 10.8  24.0        
SU3:  
23.8–16.4 1 39 11.9 111.6 28.9 110.9 0.11 0.26 82.1 199.8 0.14 0.14 

SU4a:  
30–23.8 0 1 0.8  7.5        
SU4b:  
43.6–40.8 0 4 0.0  4.5        
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Table A2-3. Cortex and volume ratio calculations for Juukan 2 chert assemblages. 

SU  
(cal ka BP) 

Complete 
cores 

Total 
lithics 

Observed 
cortical 
surface area 

Expected 
cortical 
surface area 

Observed 
assemblage 
volume 

Expected 
assemblage 
volume 

Initial 
cortex 
Ratio 

Initial 
volume 
Ratio 

Modified 
expected cortical 
surface area 

Modified expected 
assemblage volume 

Final 
cortex 
Ratio 

Final 
volume 
Ratio 

SU1:  
≤ 1.7 

5 573 405.8 798.8 632.4 949.4 0.51 0.67 707.2 1102 0.57 0.57 

SU2:  
12.9–1.7 

1 215 127.4 266.3 262.5 408.5 0.48 0.64 233.5 481.1 0.55 0.55 

SU3:  
23.8–16.4 

6 134 135.8 507.3 198.9 438.7 0.27 0.45 410.1 600.8 0.33 0.33 

SU4a:  
30–23.8 

2 88 44.9 318.6 116.7 378.1 0.14 0.31 240.1 624 0.19 0.19 

SU4b:  
43.6–40.8 

1 20 8.7 106.3 22.9 103.0 0.08 0.22 76.5 202.3 0.11 0.11 

 

Table A2-4. Cortex and volume ratio calculations for Juukan 2 ironstone assemblages. 

SU  
(cal ka BP) 

Complete 
cores 

Total 
lithics 

Observed 
cortical 
surface area 

Expected 
cortical 
surface area 

Observed 
assemblage 
volume 

Expected 
assemblage 
volume 

Initial 
cortex 
Ratio 

Initial 
volume 
Ratio 

Modified 
expected cortical 
surface area 

Modified expected 
assemblage volume 

Final 
cortex 
Ratio 

Final 
volume 
Ratio 

SU1:  
≤ 1.7 

1 26 112.9 146.4 142.5 166.6 0.77 0.86 139.3 175.8 0.81 0.81 

SU2:  
12.9–1.7 

3 44 588.1 536.0 510.0 673.7 1.10 0.76 163.9 610.1 1.20 0.84 

SU3:  
23.8–16.4 

0 27 29.8  77.6        

SU4a:  
30–23.8 

1 28 124.6 174.3 176.9 216.3 0.71 0.82 163.5 232.1 0.76 0.76 

SU4b:  
43.6–40.8 

0 6 0.0  15.5        
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Table A2-5. Cortex and volume ratio calculations for Juukan 2 quartz assemblages. 

SU  
(cal ka BP) 

Complete 
cores 

Total 
lithics 

Observed 
cortical 
surface area 

Expected 
cortical 
surface area 

Observed 
assemblage 
volume 

Expected 
assemblage 
volume 

Initial 
cortex 
Ratio 

Initial 
volume 
Ratio 

Modified 
expected cortical 
surface area 

Modified expected 
assemblage volume 

Final 
cortex 
Ratio 

Final 
volume 
Ratio 

SU1:  
≤ 1.7 

0 93 37.3  75.3        

SU2:  
12.9–1.7 

2 65 41.7 415.7 141.7 563.5 0.10 0.25 304.1 1034.7 0.14 0.14 

SU3:  
23.8–16.4 

4 12 11.0 152.1 18.2 88.2 0.07 0.21 108.6 180.3 0.10 0.10 

SU4a:  
30–23.8 

0 9 3.1  24.3        

SU4b:  
43.6–40.8 

0 7 0.0  25.8        

 

Table A2-6. Cortex and volume ratio calculations for Juukan 2 siltstone assemblages. 

SU  
(cal ka BP) 

Complete 
cores 

Total 
lithics 

Observed 
cortical 
surface area 

Expected 
cortical 
surface area 

Observed 
assemblage 
volume 

Expected 
assemblage 
volume 

Initial 
cortex 
Ratio 

Initial 
volume 
Ratio 

Modified 
expected cortical 
surface area 

Modified expected 
assemblage volume 

Final 
cortex 
Ratio 

Final 
volume 
Ratio 

SU1:  
≤ 1.7 

1 20 25.8 91.3 38.5 82.0 0.28 0.47 74.3 110.7 0.35 0.35 

SU2:  
12.9–1.7 

1 35 14.2 152.2 42.6 176.5 0.09 0.24 110.7 331.3 0.13 0.13 

SU3:  
23.8–16.4 

0 44 11.7  80.4        

SU4a:  
30–23.8 

0 4 5.1  7.1        

SU4b:  
43.6–40.8 

0 9 6.4  13.6        
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APPENDIX 3: JUUKAN 2 SUPPLEMENTARY 

DATA 
 

 

This appendix contains supplementary data for the Juukan 2 analysis. Tables A4-1 to A4-5 

show assemblage composition per SU. Tables A4-6 to A4-9 comprise complete flake metric 

and technological attributes for all materials except for BIF and chert.   

 

Table A4-1. Juukan 2 SU1 (≤ 1.7 cal ka BP) assemblage composition by count. 

 Material Bipolar 
core/flake 

Complete 
flake 

Broken 
flake 

Core & 
core 
fragment 

Retouched/used 
artefact 

Grindstone 
fragment 

Hammer-
stone 

TOTAL 

BIF   118 113 8 29   1 269 

Chalcedony  70 93 2  13    178 

Chert   856 712 15 142    1725 

Crystal quartz  33 107        140 

FG volcanic  2 3        5 

Igneous         2  2 

Ironstone  23 9 1      33 

Quartz 6 192 787 1 3     989 

Siltstone   23 18 2 1     44 

TOTAL 6 1317 1842 29 188 2 1 3385 
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Table A4-2. Juukan 2 SU2 (12.9–1.7 cal ka BP) assemblage composition by count. 

 Material Bipolar 
core/flake 

Complete 
flake 

Broken 
flake 

Core & 
core 
fragment 

Retouched/used 
artefact 

Grindstone 
fragment 

TOTAL 

BIF  234 132 6 18 2 392 

Chalcedony  55 47  1  103 

Chert  348 336 3 41  728 

Crystal quartz  11 25  3  39 

FG volcanic  7 2    9 

Igneous      1 1 

Ironstone  40 10 3 2  55 

Quartz 7 79 274 4 4  368 

Siltstone  55 40 1   96 

TOTAL 7 829 866 17 69 3 1791 

 

Table A4-3. Juukan 2 SU3 (23.8–16.4 cal ka BP) assemblage composition by count. 

 Material Bipolar 
core/flake 

Complete 
flake 

Broken 
flake 

Core & core 
fragment 

Retouched/used 
artefact 

TOTAL 

BIF  360 124 38 32 554 

Chalcedony  36 15 1 2 54 

Chert  172 131 9 16 328 

Crystal quartz 1 1 3   5 

FG volcanic   3  1 4 

Ironstone  21 6 2  29 

Quartz  13 70 2  85 

Siltstone  46 34 2 2 84 

TOTAL 1 649 386 54 53 1143 
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Table A4-4. Juukan 2 SU4a (30–23.8 cal ka BP) assemblage composition by count. 

 Material Bipolar 
core/flake 

Complete 
flake 

Broken 
flake 

Core & core 
fragment 

Retouched/used 
artefact 

TOTAL 

BIF  109 51 10 11 181 

Chalcedony  21 11 1  33 

Chert  129 55 3 8 195 

Crystal quartz  5 2   7 

FG volcanic  5 1  1 7 

Ironstone  20 12 1 1 34 

Quartz 3 12 54   69 

Siltstone  4 6   10 

TOTAL 3 305 192 15 21 536 

 

Table A4-5. Juukan 2 SU4b (43.6–40.8 cal ka BP) assemblage composition by count. 

 Material Bipolar 
core/flake 

Complete 
flake 

Broken 
flake 

Core & core 
fragment 

Retouched/used 
artefact 

Grindstone 
fragment 

TOTAL 

BIF  46 11 2 3 1 63 

Chalcedony  8 2  1  11 

Chert  32 16 1   49 

Crystal quartz   2    2 

FG volcanic  5 2    7 

Ironstone 1 10 25  1  37 

Quartz  8 10    18 

Siltstone 1 109 68 3 5 1 187 

TOTAL  46 11 2 3 1 63 
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Table A4-6. Juukan 2 chalcedony flake (≥10 mm) metric and technological attributes across SUs. Each column contains median and interquartile range unless otherwise 
stated 

  

 

 

 

 

 

 

Table A4-7. Juukan 2 ironstone flake (≥10 mm) metric and technological attributes across SUs. Each column contains median and interquartile range unless otherwise 
stated 

  

 

 

 

 

 

 

 

SU  
(cal ka BP) 

n mass (g) 
surface 
area 
estimate 

elongation 
index 
(≥20 mm flakes) 

EL/M value 
(≥20 mm flakes) 

number of 
flaked/facetted 
platforms (#, %) 

platform 
surface area 
estimate 

overhang 
removal (#, %) 

flakes with 
cortex (#, 
%) 

Dorsal scar 
density 

SU1:  
≤ 1.7 

39 0.3 ± 1.2 1.5 ± 2.8 2 ± 1.1 37.8 ± 23.2 6 (15.4) 14.8 ± 16.5 13 (33.3) 2 (5.1) 1.6 ± 1.9 

SU2:  
12.9–1.7 

19 0.5 ± 1.6 2 ± 3.9 1.5 ± 1 26.1 ± 72.3 2 (10.5) 25 ± 33.9 6 (31.6) 1 (5.3) 1.5 ± 1.24 

SU3:  
23.8–16.4 

29 0.7 ± 1.6 2.1 ± 3 0.9 ± 0.7 29.8 ± 13.8 1 (3.4) 30 ± 48.7 19 (65.5) 5 (17.2) 1.4 ± 0.9 

SU4a:  
30–23.8 

16 0.2 ± 0.6 1.1 ± 1.8 1.2 ± 0.3 71.4 ± 30.3 4 (25) 11 ± 8.2 8 (50) 1 (6.2) 2.5 ± 1.8 

SU4b:  
43.6–40.8 

6 1 ± 1.8 3.6 ± 3.8 1.1 ± 1.1 33 ± 32 1 (16.7) 67.6 ± 38.8 4 (66.7) 0 1.2 ± 1.3 

SU  
(cal ka BP) 

n mass (g) 
surface 
area 
estimate 

elongation 
index 
(≥20 mm flakes) 

EL/M value 
(≥20 mm flakes) 

number of 
flaked/facetted 
platforms (#, %) 

platform 
surface area 
estimate 

overhang 
removal (#, %) 

flakes with 
cortex (#, 
%) 

Dorsal scar 
density 

SU1:  
≤ 1.7 

23 12.1 ± 24 12 ± 15.5 1 ± 0.5 6.1 ± 5.3 1 (4.3) 103.2 ± 160.3 4 (17.4) 4 (17.4) 0.23 ± 0.4 

SU2:  
12.9–1.7 

40 6.2 ± 19.4 7.5 ± 11.9 1 ± 0.4 8.9 ± 12.3 2 (5) 92.9 ± 222.2 13 (32.5) 6 (15) 0.4 ± 0.53 

SU3:  
23.8–16.4 

21 5.3 ± 10.2 7.3 ± 7.6 1.1 ± 0.6 12.2 ± 23.4 1 (4.8) 71.6 ± 79.9 5 (23.8) 4 (19) 0.4 ± 0.33 

SU4a:  
30–23.8 

20 3.8 ± 9.6 5.7 ± 9.4 1 ± 0.8 15.5 ± 20.5 0 72.9 ± 72.3 2 (10) 4 (20) 0.56 ± 0.56 

SU4b:  
43.6–40.8 

5 10.2 ± 6.8 10.5 ± 2.2 1 ± 0.7 9.7 ± 5.7 0 174.4 ± 103.9 2 (40) 0 0.35 ± 0.11 
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Table A4-8. Juukan 2 quartz flake (≥10 mm) metric and technological attributes across SUs. Each column contains median and interquartile range unless otherwise stated 

  

 

 

 

 

 

 

 

Table A4-9. Juukan 2 siltstone flake (≥10 mm) metric and technological attributes across SUs. Each column contains median and interquartile range unless otherwise stated 

  

SU  
(cal ka BP) 

n mass (g) 
surface 
area 
estimate 

elongation 
index 
(≥20 mm flakes) 

EL/M value 
(≥20 mm flakes) 

number of 
flaked/facetted 
platforms (#, %) 

platform 
surface area 
estimate 

overhang 
removal (#, %) 

flakes with 
cortex (#, 
%) 

Dorsal scar 
density 

SU1:  
≤ 1.7 

81 0.5 ± 0.8 1.7 ± 1.3 1.4 ± 0.9 38.6 ± 20.3 6 (7.4) 19.5 ± 24.8 18 (22.2) 10 (12.3) 1.7 ± 0.9 

SU2:  
12.9–1.7 

44 0.8 ± 1.9 2.6 ± 3.1 1.2 ± 0.7 28.8 ± 16.6 3 (6.8) 34.6 ± 48.1 12 (27.3) 5 (11.4) 1.4 ± 1.8 

SU3:  
23.8–16.4 

6 2.1 ± 1 4 ± 1.6 0.9 ± 0.4 26.9 ± 5.9 3 (50) 66.6 ± 50.3 0 2 (33.3) 0.9 ± 0.3 

SU4a:  
30–23.8 

6 3.1 ± 7.7 5.5 ± 5.9 1.4 ± 0.4 13.5 ± 13.5 2 (33.3) 82.7 ± 49.7 0 0 0.8 ± 1.4 

SU4b:  
43.6–40.8 

7 1.2 ± 4.8 2.8 ± 4.5 0.9 ± 0.5 10.8 ± 7 1 (14.3) 40.3 ± 83.9 2 (28.6) 1 (14.3) 0.7 ± 1.1 

SU  
(cal ka BP) 

n mass (g) 
surface 
area 
estimate 

elongation 
index 
(≥20 mm flakes) 

EL/M value 
(≥20 mm flakes) 

number of 
flaked/facetted 
platforms (#, %) 

platform 
surface area 
estimate 

overhang 
removal (#, %) 

flakes with 
cortex (#, 
%) 

Dorsal scar 
density 

SU1:  
≤ 1.7 

20 1 ± 3.2 2.8 ± 5.8 1.4 ± 0.6 17.8 ± 13.8 0 24.1 ± 51.5 8 (40) 2 (5.1) 1.3 ± 1.5 

SU2:  
12.9–1.7 

49 0.8 ± 1.5 2.5 ± 3.6 1.1 ± 0.6 35.3 ± 29.8 6 (12.2) 31.4 ± 29.4 24 (49) 6 (12.2) 1.2 ± 1.3 

SU3:  
23.8–16.4 

46 1.4 ± 2 3.9 ± 3.4 1.1 ± 0.5 29.7± 22.5 3 (6.5) 43.5 ± 76.6 25 (54.3) 6 (13) 1 ± 1 

SU4a:  
30–23.8 

4 2.9 ± 6 5.5 ± 6.1 5 ± 1.1 37.8 ± 23.5 1 (25) 16.2 ± 87.4 1 (25) 2 (50) 0.8 ± 0.4 

SU4b:  
43.6–40.8 

8 0.9 ± 0.6 3 ± 1.1 1.4 ± 0.9 14.5 ± 6 1 (12.5) 26.9 ± 45 5 (62.5) 2 (25) 0.9 ± 0.8 
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Table A4-10. Juukan 2 flake (≥20 mm) initiation type by percentage. 

 

 

 

 

 

 

 

Table A4-11. Juukan 2 flake (≥20 mm) termination type by percentage. 

 

  

Material Flat/crushed Bending Hertzian Indeterminate Total (#) 

BIF 7.2 6.3 83.9 2.6 571 

Chalcedony 5.3 2.6 86.8 5.3 38 

Chert 4.8 1.4 86.7 7.1 495 

Crystal quartz 25 0 75 0 4 

FG volcanic 0 20 80 0 10 

Ironstone 8.8 9.9 79.1 2.2 91 

Quartz 30.8 0 61.5 7.7 52 

Siltstone 0 4.3 94.2 1.4 69 

Total (#) 92 58 1105 75 1330 

Material Axial Feather Hinge Overshot 
Retroflex 
hinge 

Step Total (#) 

BIF 18.4 45.5 15.8 5.6 1.4 13.3 571 

Chalcedony 28.9 60.5 2.6 7.9 0 0 38 

Chert 15.8 45.5 23.4 7.3 1.2 6.9 495 

Crystal quartz 50 50 0 0 0 0 4 

FG volcanic 20 40 10 10 0 20 10 

Ironstone 30.8 37.4 9.9 7.7 0 14.3 91 

Quartz 25 51.9 0 3.8 0 19.2 52 

Siltstone 15.9 47.8 23.2 5.8 1.4 5.8 69 

Total (#) 250 608 233 85 15 139 1330 
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APPENDIX 4: MURUJUGA ROCKSHELTER 

SUPPLEMENTARY DATA 
 

 

This appendix contains supplementary data for the Murujuga Rockshelter analysis. Tables A4-

1 to A4-5 show assemblage composition per AU.  

Table A5-1. Murujuga Rockshelter AU 1 (≤9 cal ka BP) assemblage composition by count. 

 
Bipolar 
core/flake 

Complete 
flake 

Broken 
flake 

Core & core 
fragment 

Retouched/used 
artefact 

TOTAL 

Basalt 
 

1 1 
  

2 

FGG 
 

4 0 1 1 6 

MGG 1 121 96 3 2 223 

Quartz 2 1 4 
  

7 

TOTAL 3 127 101 4 3 238 

 

Table A5-2. Murujuga Rockshelter AU 2 (14–9 cal ka BP) assemblage composition by count. 

 
Bipolar 
core/flake 

Complete 
flake 

Broken 
flake 

Core & core 
fragment 

Retouched/used 
artefact 

TOTAL 

Igneous 
 

1 1 
 

0 2 

Chalcedony 1 2 1 1 1 6 

Chert 
  

2 
 

0 2 

FGG 
 

40 56 1 3 100 

MGG 
 

248 211 8 10 477 

Quartz 6 5 6 
 

0 17 

TOTAL 7 296 277 10 14 604 
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Table A5-3. Murujuga Rockshelter AU 3 (18–14 cal ka BP) assemblage composition by count. 

 
Bipolar 
core/flake 

Complete 
flake 

Broken 
flake 

Core & core 
fragment 

Retouched/used 
artefact 

TOTAL 

Igneous 
  

3 
 

0 3 

Chalcedony  11 8 1 2 22 

Chert 
 

5 1 
 

1 7 

FGG 
 

27 27 
 

5 59 

MGG 
 

117 92 2 1 212 

Quartz 8 16 11 
 

0 35 

TOTAL 8 176 142 3 9 338 

 

Table A5-4. Murujuga Rockshelter AU 4 (20.9–18 cal ka BP) assemblage composition by count. 

 
Complete 
flake 

Broken 
flake 

Retouched/used 
artefact 

Manuport TOTAL 

Chalcedony 1 1 1 
 

3 

Chert 
 

1 
  

1 

FGG 3 2 
  

5 

MGG 10 12 
  

22 

Quartz 4 2 
 

1 6 

TOTAL 18 18 
  

37 
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APPENDIX 5: YURLU KANKALA 

SUPPLEMENTARY DATA 
 

 

This appendix contains supplementary data for the Yurlu Kankala analysis. Figures A6-1 to 

A6-4 comprise section drawings for squares 2, 9, 10 and 13. Tables A6-1 to A6-5 show Yurlu 

Kankala assemblage composition per AU.  
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Figure A6-1. Section square 2 with 95.4% calibrated unmodeled age ranges (CAD by Dorcas Vannieuwenhuyse).   
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Figure A6-2. Section square 9 with 95.4% calibrated unmodeled age ranges. Underlined dates are samples 
collected in situ during excavation from the top of hearth features that are also visible in the section (CAD by 
Dorcas Vannieuwenhuyse).  
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Figure A6-3. Section square 10 with 95.4% calibrated unmodeled age ranges. Underlined dates are samples 
collected in situ during excavation from the top of hearth features that are also visible in the section (CAD by 
Dorcas Vannieuwenhuyse).  
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Figure A6-4. Section square 13 with 95.4% calibrated unmodeled age ranges. Underlined dates are samples 
collected in situ during excavation from the top of hearth features that are also visible in the section (CAD by 
Dorcas Vannieuwenhuyse).   
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Table A6-1. Yurlu Kankala AU A (≤ 1.9 cal ka BP) assemblage composition by count. 

 
Bipolar 
core/flake 

Complete 
flake 

TOTAL 

BIF 
 

1 1 

Chert 
 

1 1 

Quartz 1 1 2 

TOTAL 1 3 4 

 

Table A6-2. Yurlu Kankala AU C (17.6–10 cal ka BP) assemblage composition by count. 

 
Complete 
flake 

Broken 
flake 

Retouched/used 
artefact 

TOTAL 

BIF 3 2 1 6 

Chalcedony 1 1 
 

2 

Chert 4 3 
 

7 

Quartz 
 

1 
 

1 

TOTAL 8 7 1 16 

 

Table A6-3. Yurlu Kankala AU D (18.4–17.6 cal ka BP) assemblage composition by count. 

 
Complete 
flake 

Broken 
flake 

Core & core 
fragment 

TOTAL 

BIF 10 4 1 15 

Chalcedony 11 7 
 

18 

Chert 2 3 1 6 

Crystal quartz 
 

3 
 

3 

Quartz 
 

6 
 

6 

Siltstone 
 

1 
 

1 

TOTAL 23 24 2 49 

 

Table A6-4. Yurlu Kankala AU E-LGM (24/23–18.4 cal ka BP) assemblage composition by count. 

 
Bipolar 
core/flake 

Complete 
flake 

Broken 
flake 

Core & core 
fragment 

Retouched/used 
artefact 

TOTAL 

BIF 
 

63 29 1 2 95 

Chalcedony 
 

19 23 1 
 

43 

Chert 
 

45 37 
 

2 84 

Crystal quartz 
  

1 
  

1 

Quartz 1 8 48 1 
 

58 

Siltstone 
 

16 7 
 

1 24 

TOTAL 1 151 145 3 5 305 
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Table A6-5. Yurlu Kankala AU E (42.4–24/23 cal ka BP) assemblage composition by count. 

 
Bipolar 
core/flake 

Complete 
flake 

Broken 
flake 

Core & core 
fragment 

Retouched/used 
artefact 

TOTAL 

BIF 
 

3 5 
 

2 10 

CG igneous 
 

1 0 
  

1 

Chalcedony 
 

3 2 
 

1 6 

Chert 
 

7 6 
  

13 

Crystal quartz 
  

4 
  

4 

Quartz 1 14 147 
 

1 163 

TOTAL 1 28 164 0 4 197 

 

Table A6-6. Yurlu Kankala AU F (44.7–42.4 cal ka BP) assemblage composition by count. 

 
Complete 
flake 

Broken 
flake 

Core & core 
fragment 

TOTAL 

BIF 2 2 1 5 

CG igneous 
 

1 
 

1 

chert 3 0 
 

3 

crystal quartz 1 6 
 

7 

dolerite 1 1 
 

2 

quartz 6 42 
 

48 

siltstone 
 

1 
 

1 

TOTAL 13 53 1 67 

 

 

 

 




