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ABSTRACT 

The research described in this thesis comprised an archaeological study of a specific 

river catchment in the central Australian ranges. Previous research had demonstrated 

the potential of the central Australian ranges to contribute to understandings of arid 

zone settlement and human adjustment to environmental change. To further exploit 

this potential, an approach was developed which was landscape-centred and bounded 

in a single catchment rather than based around isolated sites spanning the central 

Australian ranges and their hinterland. 

Drawing on recent trends in the study of archaeological landscapes, the design of the 

research aimed to combine the principles of regional landscape formation with 

ecological approaches to the analysis of human settlement. Following an initial 

reconnaissance of the catchment, three ten by ten kilometre areas (study areas) were 

selected for more intensive survey and probability sampling. The location of the three 

study areas was selected to highlight variability in landscape and water permanency 

in the catchment. 

The results of the survey revealed that flaked stone artefacts were present throughout 

much of the catchment although their density varied. High artefact densities were 

associated with the biologically most productive landscapes along the edges of 

ranges and floodplains. The importance of water permanency as a variable affecting 

artefact density was not supported. The study area with the least permanent water 

revealed the highest artefact density. The richest multicomponent artefact scatter/art 

sites were also located near temporary waters near the margins of the catchment. 

Five sites were excavated, one of which (Kulpi Mara Rockshelter) produced an 

archaeological sequence dated to 30,000 years BP. Occupation of the site 

commenced at a time which palaeoclimatic records indicate was relatively cool and 

wet. A marked reduction in rates of artefact and sediment deposition raised the 

possibility that the site was abandoned with increasing aridity from 23,000 BP and 

remained unoccupied for much of the glacial arid period. A cluster of dates around 

13,000 BP indicated a resumption of use during the terminal Pleistocene climatic 

amelioration after which there appeared to have been minimal occupation until the 

mid Holocene. 
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Radiocarbon determinations from the excavation of the remaining four sites and one 

site previously excavated in the catchment all produced dates of mid to late Holocene 

age. Occupation was first established in most sites between 3,500 to 2,000 years BP, 

a period in which new stone implement technologies first appeared in the form of 

backed artefacts. These changes were argued to be linked with wider population 

movements taking place in central Australia and beyond during the middle of the 

Holocene. There was no evidence for a further consistent increase in site use after 

2,000 years BP. Subsequent changes in the use of sites and the development of 

intensive seed-grinding were inferred to represent adjustments to the fluctuating 

environment rather than population increase. 

The explanation of the evidence from the surface survey and excavation was 

approached from the theoretical perspective of human adaptation to risk. Arid and 

uncertain climatic regimes favoured the selection of technological, economic and 

territorial strategies which buffered against high spatial and temporal variability in 

resource distribution. Archaeological data from the Palmer River catchment were 

combined with existing research in the wider region to review the evidence for such 

strategies in the central Australian ranges and hinterland over the period of 

occupation. 

A review of the evidence from Puritjarra Rockshelter cast further doubt on the notion 

of continuous occupation in central Australia throughout the period of glacial aridity. 

Using the combined data from over 20 excavated sites in central Australia, it was 

concluded that the mid to late Holocene provided the first evidence for the 

development of strategies well-suited to the risks imposed by a widely fluctuating 

arid environment. Among these were the use of low-risk seed foods and the 

positioning of aggregation sites to take advantage of rich though temporary resources 

near ephemeral waters. By structuring sites in this way, populations were able to 

reduce pressure on critical drought-relieving waters and maintain effective 

reciprocity networks, social imperatives which provided security against high year to 

year variability in resource distribution and allowed rapid adjustment to 

environmental change. 

Overall, the outcomes of the research confirmed the value of a more intensive, 

systematic and controlled approach to the study of prehistoric settlement in the 
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centraL Australian ranges. In making use of a smaller scale unit for the purposes of 

regional study, it was possible to challenge preconceptions about site location and 

settlement organisation in this arid region. A similar approach to archaeological 

research and management may be justified in other central Australian river 

catchments and in many parts of the wider continent. 
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CHAPTER 1 

INTRODUCTION 

1.1 Introductory background 

The development of regional perspectives has emerged as one of the key issues in 

Australian prehistoric archaeology (Frankel 1995:651, Veth and Hiscock 1996). 

Those who settle on a regional perspective have to decide between an increasing 

variety of methods for investigating their chosen region, each of which bestows upon 

them a particular way of seeing and understanding the past. Regions can be 

investigated at varying spatial and temporal scales and interpreted from a diverse 

range of theoretical positions. The ultimate challenge for archaeology comes in 

finding and applying appropriate scales and techniques to link observations in the 

present with the explanation of the past. 

There are essentially two types of field techniques in archaeology which can be 

applied to the study of regions - survey and excavation. Thomas (1989:86) has 

observed that 'It is critical that we integrate the diverse evidence from both surface 

survey and deep site excavation into a single, coherent, interpretive framework'. A 

recent review suggested, however, that archaeologists tend to favour one or other of 

these methods (Moser 1996). It can be argued that the pursuit of each method on its 

own leads to a false dichotomy between surface and subsurface archaeological 

records. Conceptually, there is no real distinction because as Wandsnider and Camilli 

(1992:169) noted, all discarded artefacts (with, perhaps, the exception of deliberately 

buried objects such as caches), were at one time exposed on the surface of the 

landscape. Over time, archaeological surfaces become incorporated within buried 

layers of deposit, or form interfaces between layers (Harris 1989:54-55). By 

extension, neither survey nor excavation on its own will be sufficient to investigate 

the archaeological record of a region in a comprehensive way. Excavation provides 

evidence of changes in the material record of human settlement through time, but is 

inherently limited, by virtue of the time and resources required, to small areal 

samples. Survey data provides more detailed spatial information but their 

interpretation remains static and lacking in sequence, outside time's flow. 
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For most of its relatively short history, regional research in Australia has been aimed 

at filling the vast empty spaces in the distribution of research across the wide breadth 

of the continent In arid regions, which make up more than two thirds of the 

Australian land mass, the empty spaces have been more extensive and the spacing of 

data points correspondingly wider. In the early stages of research in the arid zone, 

perceptions of uniformity were reinforced by a lack of well-researched regions and 

by the strong disposition in Australian archaeology toward continental-scale issues 

(Frankel1995:650). 

With a growing number of regional studies in the arid zone, the focus of research has 

progressively narrowed to include issues of biogeographic scale (Smith 1988, V eth 

1989) and more recently, the notion of region as an archaeological landscape (Robins 

1993). Despite the increased rate and intensity of research, the arid zone as a whole 

still remains poorly researched. In the Northern Territory portion of the arid zone 

alone, there are fewer than 10 excavated sites with more than one radiocarbon date in 

an area of approximately 800,000 km2
• Similar observations have been made in other 

parts of inland Australia (e.g. Rowland eta/. 1994:23). Yet it is possible to identify 

within the arid zone particular key areas which, because of their diversity of evidence 

and rich archaeological sequences, offer significant potential to contribute to 

understandings of prehistoric settlement and human adjustment to environmental 

change. 

The central Australian ranges, defined in this thesis as the MacDonnell Ranges and a 

number of small systems of ranges to the south which make up the MacDonnell 

Range bioregion (Thackway and Cresswell1994:36), cover~ area of 37,000 km2
• 

Because of their strategic location and known archaeological potential, the central 

Australian ranges are well placed to contribute to the investigation of prehistoric 

settlement in the Australian arid zone. The importance of these riverine uplands in 

supporting relatively large and socially differentiated human populations has long 

been recognised (Strehlow 1965:122) while their distinctiveness continues to be seen 

as important from a human biogeographic perspective (V eth 1993:1 06). The presence 

of geological formations providing suitable contexts for the accumulation of datable 

archaeological deposit over a wide area in the southernmost belt of sandstone ranges 

was demonstrated by Gould (1978) and Smith (1988). A growing number of studies 
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conducted for both research and management purposes (reviewed in the following 

chapter of this thesis) are establishing the potential of the central Australian uplands 

in supplying a range of stone artefact assemblages in a variety of environmental 

settings. However, this potential remains largely unexploited due to the lack of in

depth and comprehensive data - integrating diverse evidence from both surface and 

subsurface contexts - from any single area within the central ranges and their 

hinterland. 

The research described in this thesis comprises a study of a specific river catchment 

which drains the central Australian ranges. The specific study region is, in this 

research, the catchment of the Palmer River. In making use of the catchment for the 

purposes of regional study, the data collection is pitched at a smaller scale than 

previous regional research in the central Australian ranges. The utility of this 

approach can be evaluated by comparing it with previous frameworks (Gould 1978, 

Smith 1988) which have used biogeographic or larger scale data from the central 

Australian ranges in the interpretation of prehistoric settlement patterns. The point of 

this exercise is not to eschew studies which adopt a larger scale perspective. Instead, 

rather than competing paradigms, the broad-scale synthesis and the smaller, more 

intensive, systematic and finer grained studies are seen to be of mutual benefit. 

1.2 The study region 

The Palmer River in the context of other inland draina~e systems 

The Palmer River is an ephemeral stream catchment in the Lake Eyre Basin (Figure 

1.1 ), one of the most extensive regions of inland drainage in the world (Williams 

1970: 185). The choice of a riverine landscape for this study is apt because, 

throughout human history, rivers have always served as an attraction for settlement, 

mobility and land use. Yet unlike the major rivers of the African and American 

continents, Australia's inland rivers are predominantly dry, dependent for their flows 

on irregular rains which fall in arid regions. 

The central Australian river systems which form the Lake Eyre Basin are all 

internally draining. The general southeast trend of the drainage reflects the influence 

of subsidence in the Lake Eyre basin, though the Finke River which drains the 
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Palmer River eventually dissipates in the Simpson Desert before reaching Lake Eyre 

(Mabbutt 1977:176, Williams 1970:193). In this respect, the seven rivers with 

headwaters in the central Australian ranges are distinct from Cooper Creek, which 

drains the northeast Simpson Desert, and the perennial externally-draining Darling 

River-Willandra Lakes system in the semi-arid zone to the southeast. 

The larger Finke River catchment, which includes the Palmer River, shows some 

affinities with the inland river systems of the Hamersley Plateau in Western Australia 

and Lawn Hill in Western Queensland, which have their headwaters in arid ranges. 

However, unlike the Finke River catchment, both have drainage linked to coastal 

systems. In having relict drainage connected to ephemeral inland lakes and playas, 

the central Australian ranges are relatively similar to the Flinders Ranges in South 

Australia. Despite these similarities, their geographic isolation from the margins of 

the arid zone makes the central Australian ranges unique from the Flinders and other 

arid range systems. There are also subtle differences in climate (particularly 

temperature and seasonality of rainfall distribution) and climate-related vegetation 

structure between central Australia and other Australian arid and semi-arid ranges, 

sufficient to have exerted an influence on the evolving structure of human adaptive 

strategies. 

Bio~eofiraphic settin~ 

The biogeographic setting of the Palmer River catchment is shown in Figure 1.1. A 

classification of Australian biogeographic regions (Thackway and Cresswell 

1994:36) places the upper/middle catchment area, including its headwaters, gorges 

and springs, within the MacDonnell bioregion, defined as 'High relief ranges and 

foothills covered with spinifex hummock grassland, sparse acacia shrublands and 

woodlands along watercourses'. The middle to lower catchment falls within the 

Finke bioregion, characterised by sandplains, low ranges and dissected tablelands 

with vegetation dominated by hummock grasslands and acacia shrublands. The 

southwest margin of the catchment borders the Great Sandy Desert bioregion, 

described as 'mainly tree steppe grading to shrub step in the south on Quaternary red 

longitudinal sand dune fields'. 

The environment of the region chosen for this research project is thus complex and 
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internally differentiated. The Palmer River catchment contains a mosaic of landforms 

typical of a range of desert landscapes - uplands, sandplains, dunefields, river valleys 

floodplains and deep gorges where the river and its tributaries breach the ranges 

(Figure 1.2). A relatively dense network of water sources exists within the catchment 

representing varying conditions of permanency. This diversity of landscape in and 

surrounding the Palmer River is advantageous for modelling - in a relatively 

confined, small-scale and hence controlled manner- regional variation in the pattern 

of human settlement and land use. 

Previous research in the Palmer River catchment 

Prior to this research project there had been no systematic surveys in the Palmer 

River catchment as a whole. Portions of the upper catchment of the Palmer River 

were surveyed by Smith (1988) who recorded 22 sites near the permanent 

waterhole/spring at Ilarari (Figure 1.2), which included three open scatters and 10 

rockshelters with deposit. After augering the five most promising deposits, Smith 

(1988: 182) selected Ilarari 17 for excavation, largely on the basis of its relative 

compaction. A survey by R.G. Gunn (1988) demonstrated the rock art potential of 

Ilarari. For the remainder of the catchment there had been no archaeological surveys 

carried out prior to this research project. 

In 1989, the Northern Territory Department of Lands and Housing, following 

information from an unnamed source, located two major archaeological sites in the 

vicinity of Storm Creek in the southern area of Tempe Downs pastoral lease. These 

sites were obviously known to pastoralists and Aboriginal people at the time, 

although no previous record existed. The Aboriginal Areas Protection Authority 

(AAP A) was informed of their whereabouts and a series of visits to one of the sites 

(Kulpi Mara) were carried out by Wlodzimierz (Walter) Zukowski who documented 

its rock art and ethnographic significance. Ethnographic aspects of Kulpi Mara and 

other sites of Aboriginal significance in the Palmer River catchment were further 

documented by the Central Land Council in 1994 during a land claim (now pending) 

on Tempe Downs pastoral lease. 

Pilot surveys in the central Australian ranges were carried out for this research in the 

Palmer River catchment in 1994. It became apparent from these trips and earlier pilot 
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surveys undertaken in the Finke and Hugh River catchments while planning the 

research that the Palmer River catchment would provide a suitable context for an 

intensive regional survey. A diversity of surface materials and rock art, draped across 

a landscape as rich and varied as any in the central Australian ranges, combined with 

a seeming abundant supply of rockshelters with excavation potential, singled out the 

Palmer River catchment from other promising regions. Despite these indications, 

prior to this research, there had not been a detailed and comprehensive study of its 

prehistoric archaeological record. A combination of factors thus prompted the 

selection of the Palmer River catchment as an ideal location in which to carry out this 

study. 

1.3 Overview of this research 

Figure 1.2 provides an overview of the nature and location of the work undertaken 

for this project. The sampling procedures used and their rationale are described in 

more detail in Chapters 3 to 4 of this thesis. 

The survey component consisted of a low intensity reconnaissance combined with a 

more detailed survey of selected areas within the catchment. Reconnaissance was 

carried out by vehicle at low intensity with occasional checks on foot focussing on 

the river corridor and major tributaries of the middle catchment. Three ten by ten 

kilometre square areas, referred to in this thesis as study areas, were selected for 

more detailed survey and probability sampling (labelled 1-3 in Figure 1.2). 

A total of five sites, selected to represent different environmental settings within the 

catchment, were excavated. As can be seen from Figure 1.2, three of these sites were 

located on the southern margin of the Levi Range, one near Ilarari (Illara Gorge) and 

one adjacent to Amngu (lltjuta Swamp), an extensive floodout plain on the middle to 

lower reaches of the Palmer River. 

A rock art recording project was undertaken concurrently by Mr R.G. (Ben) Gunn at 

Kulpi Mara and at lrtikiri (a previously unrecorded site located during the survey of 

Study Area 1 and excavated for this research). It was envisaged that the rock art 

research undertaken by Ben Gunn would complement the current research project in 
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providing a more detailed and comprehensive synthesis of a single central Australian 

catchment than had previously been attempted. 

1.4 Organisation of the thesis 

The structure of this thesis is consistent with its aims of applying a more intensive 

regional approach to the study of the archaeological record of the Palmer River 

catchment. 

Chapter 2 reviews theory and research relating to the issue of regional research in 

central Australia. Literature dealing with regional hunter-gatherer settlement and the 

recent study of archaeological landscapes are presented to provide a framework for 

reviewing the adequacy of the existing central Australian data-base. Problems and 

gaps in the existing data are highlighted to justify the research in the present thesis. 

Chapters 3 and 4 describe the general methods and techniques used in carrying out 

the research. More specifically, Chapter 3 outlines the aims of the study and 

describes the environmental and spatial aspects of the sampling methods while 

Chapter 4 defmes the archaeological variables and their application in the research. 

The main empirical chapters (Chapters 5 to 9) are presented as a series of related yet 

independent studies of the surface and subsurface archaeological records. Chapters 5 

to 7 describe the surface distribution of artefacts across the landscape and examine 

alternative explanations to account for its patterning. Chapters 8 to 9 analyse the 

structure of the subsurface archaeological record of the Palmer River catchment from 

the sample of excavated sites and incorporates these findings with the survey data in 

the interpretation of prehistoric settlement. The implications of the analysis for 

central Australia and the wider arid zone are the subject of Chapter 10. 

Chapter 11 presents a summary of the main conclusions. The discussion there 

focuses on the utility of a more intensive and integrated regional approach in the 

Palmer River catchment and demonstrates how this approach has contributed to the 

interpretation of prehistoric settlement within the catchment and beyond. 

9 



CHAPTER2 

THE ARCHAEOLOGY OF PREHISTORIC SETILEMENT IN CENTRAL 
AUSTRALIA: A REVIEW OF CONCEPTS, METHOD AND REGIONAL 
INTERPRETATION 

2.1 Introduction 

This chapter reviews theory and research in order to justify a new approach to the 

investigation of prehistoric settlement in the central Australian ranges and hinterland. 

The type of approach is one which integrates survey and excavation in the study of a 

specific catchment in the central Australian ranges. It will be argued in this and the 

following chapter that such an approach is justified on the grounds that it will assist 

in correcting limitations in regional frameworks which have been applied by previous 

archaeological research in the central Australian ranges and their hinterland. 

The literature reviewed in this chapter is organised into three parts. The review 

begins by introducing and defining concepts in the analysis of settlement patterns 

essential to an understanding of factors likely to account for regional variation in arid 

Australian landscapes. This is followed by a discussion of current trends in the study 

of archaeological landscapes which identify theoretical and methodological advances 

with implications for studying regional frameworks. The third section provides a 

review of regional research in central Australia highlighting their oollective 

limitations, the general problems they pose and their implications for future research 

in that area. 

2.2 Settlement patterns and regions 

Human settlement: ecolo~ and scale 

In approaching the study of settlement patterns from an ecological perspective, 

Binford (1964:426) proposed that the region (rather than an individual site) was an 

appropriate unit for investigating the adaptive relationship between humans and their 

environment. In particular, the settlement pattern of hunter-gatherer societies, with 

their relatively high degree of nomadism, can be investigated most productively at 

regional scale. 
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As defined by Thomas (1973:174), a hunter-gatherer settlement pattern consists of 'a 

system of interrelations between loci of human occupation'. Similarly, Binford 

(1982:4) argued that: 

... if archaeologists are to be successful in understanding the 
organisation of past systems they must understand the 
organisation of relationships among places which were used 
differentially in the operation of past systems. 

Organisation, in this sense, has both an ecological and an adaptive significance. The 

function of hunter-gatherer sites is expected to vary with fluctuations in the 

availability of resources. The way in which the system is organised to cope with such 

fluctuations constitutes the long-term adaptive role of regional settlement and 

subsistence patterns. 

These observations highlight the need to approach the study of settlement patterns 

through the investigation of different, yet related, sites. Research which is focussed 

on catchments - networks of linked drainage which distribute water through the 

landscape - appear to be in keeping with these priorities. Furthermore, catchments 

can be defmed at different scales and encompass variation in water availability 

suitable for modelling settlement patterns in arid landscapes. This makes catchment a 

concept of great potential in the investigation of arid regions with well-defined 

drainage. 

In defining a region, a major concern is the selection of a geographic scale which 

harmonises with settlement. Relevant concepts in the hunter-gatherer ethnographic 

literature include land-using group (band) and area of exploitation (range). The scale 

of movement of a land-using group defines the scale of operation of ethnographic 

settlement patterns. In a comprehensive review, Peterson and Long (1986:26) 

demonstrated the lack of well-defined ranges among Australian hunter-gatherers, yet 

noted that a close relationship existed between band size, movement and resource 

availability (1986: 135). These observations suggest that the scale of operation of a 

hunter-gatherer settlement pattern can be approximated, given an understanding of 

relevant human and ecological variables. 

As Hayden (1981:379) pointed out, group size, mobility and resource availability are 
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closely linked variables. Larger groups tend to exhaust resources more rapidly, 

necessitating more regular shifts in foraging location. At different times, in response 

to variations in resource availability, bands fragment into smaller groups and at other 

times fuse with larger ones. A pattern of aggregation and dispersal is common to 

many hunter-gatherer societies described ethnographically (Peterson and Long 

1986:50). 

From an ecological perspective, such a pattern can be seen to have evolved as a 

consequence of variations in the temporal availability of resources within a region. 

As Jochim (1991:93) observes, variations in climate within a year or over longer 

periods often mean that critical resources will not be found in the same location all 

the time. Indeed, settlement patterns among hunter-gatherers are often viewed as 

adjustments to seasonal fluctuations (Binford 1980:17, Hayden 1981:378). Further, 

much theoretical attention has been given, particularly in marginal environments, to 

the role of settlement strategies in reducing risks associated with year to year 

variation in resource availability (Dyson-Hudson and Smith 1978:24, Jochim 

1991:308, Plog 1986:222). 

Variations in the spatiotemporal patterning of resources are thus considered to be 

critical in shaping settlement patterns. Archaeological studies which attempt to 

account for regional variation in aggregation and dispersal patterns need to give 

adequate consideration to these factors. In particular, the definition of regions as 

units of analysis should be informed by an understanding of the organisational 

properties of settlement systems and their scale of operation. In the following section, 

examples from the Australian arid zone are reviewed to identify limiting ecological 

factors which are held to condition the organisation of settlement patterns in those 

regions. The central Australian research base is subsequently examined later in this 

chapter to assess the extent to which these critical variables have been adequately 

incorporated in the design of regional data collection and interpretive methods. 

Arid zone settlement models 

Arid environments pose their own set of difficulties for hunter-gatherer settlement. 

The low and unpredictable rainfall which characterises arid environments limits the 

distribution of food and the coincidence of food and water in the landscape. In 
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Australia, arid environments have generally been considered the least favourable for 

human occupation (Bowdler 1977:205, Jones 1987:666) and specific models have 

been proposed for the organisation of settlement in response to the pressures imposed 

by aridity. 

Ethnographic accounts have stressed overall shortage of water and its distribution in 

the landscape as critical factors structuring settlement in arid regions (Peterson and 

Long 1986:36). Gould (1969, 1980, 1991) considered scarcity of water as the key 

variable dictating the aggregation and dispersal patterns of hunter-gatherers in the 

Gibson Desert. In one account, Gould (1969:265) noted that: 

The search for water dominates all other concerns of the 
Aborigines, particularly in seasons of severe or even moderate 
drought. 

In his description of the Ngaatjatjarra pattern as one of 'risk-minimisation', Gould 

(1977:169) observed how foragers made full use of ephemeral waters by 

concentrating their foraging activity in those areas while they lasted, falling back on 

more reliable waters as a last option. Gould (1977:169) maintained that the need for 

such a strategy was determined by the lack of seasonal rainfall in the Gibson Desert. 

Both Gould (1978:86-87) and others (Cane 1984:283, Veth 1993:89) have been 

quick to point out that these conditions are unlikely to have prevailed uniformly 

throughout the arid zone and have put forward alternative scenarios for other regions 

based on variations in the spatial and temporal distribution of water sources. 

Cane (1984:62) and Veth (1993:76-78) have modelled prehistoric settlement patterns 

using ethnographic data from the Great and Little Sandy Desert region. Their models 

propose that hunger-gatherers in those tropical deserts followed a regular seasonal 

round, dispersing after summer rain and returning to permanent waters during the 

winter months of low rainfall. Veth (1993:89) has predicted that this pattern will 

result in a concentration of archaeological material at sites near permanent water, and 

a higher ratio of large complex sites to smaller and less differentiated scatters. The 

reverse pattern is predicted for less seasonal environments within the Australian arid 

zone (V eth 1993 :89). 
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Theoretical models which attempt to account for larger scale settlement patterns in 

the Australian arid zone also place a strong emphasis on water as the limiting factor. 

Bowler (1976:66) suggested that early occupation of the Australian inland was made 

possible by an abundance of surface water, while Smith (1989:93) and Veth 

(1989:86) maintained that permanent water was critical to occupation of the central 

Australian ranges during the major arid period of the last glacial maximum. Doubts 

regarding this scenario were raised by Hiscock (1988a:256) who argued that only 

rich, well-watered drought refuges on the fringes of the arid zone were likely to have 

supported human populations at this time. 

It can be seen from this brief review that water availability and, in particular, 

permanency, are key variables in models of arid zone settlement. Given the emphasis 

on water permanency, one would expect arid zone settlement and adaptive models to 

benefit from intensive regional studies of water-related environments such as 

catchments. Of comse, it cannot be assumed that results and interpretations derived 

from intensive sampling of one region will be generalisable to the arid zone as a 

whole. Nevertheless, in so far as it takes only one negative result to disconfirm a 

general theory, the results of more intensive studies can impact on theories of arid 

zone settlement. Equally, if studies which are better controlled, of smaller scale and 

are more systematic in their approach fmd evidence to confirm existing theories, then 

confidence in those theories will be considerably strengthened. 

In addition, it might be expected that approaches which start out from new and 

different perspectives will not only have a greater than normal chance of revealing 

new evidence but might also suggest ways in which existing theories need to be 

modified. Recent advances in method and theory, such as the recent study of 

archaeological landscapes reviewed in the section which follows, thus have potential 

to contribute to the existing body of knowledge on Australian arid zone settlement 

patterning. 

2.3 Landscape perspectives 

The most recent of a line of developments emphasising an ecological approach to the 

study of ancient settlement is the landscape approach. Proponents of this approach 

see it as critical that the data on which regional theorising is based combines the 
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principles of landscape formation (geomorphology) with ecological approaches to the 

study of settlement organisation. This section summarises the principles of 

landscape-oriented research and their implications for the design of regional studies. 

Recent ap_proaches 

Rossignol (1992) has outlined an approach which links the study of landscapes with 

the ecological principles of settlement archaeology introduced earlier in this chapter. 

She (1992:4) defines this approach as: 

... the archaeological investigation of past land use by means of 
a landscape perspective, combined with the conscious 
incorporation of regional geomorphology, actualistic studies 
(taphonomy, formation processes and ethnoarchaeology), and 
marked by ongoing revaluation of concepts, methods, and 
theory 

In such an approach landscape provides an integrative, environmentally-based 

framework which enables the integration of the study of settlement and subsistence 

with the analysis of processes affecting the recovery of materials in their 

archaeological contexts. The principles of unit evaluation embodied in the 

archaeological landscape approach focus critical attention on the concepts used to 

explain archaeological variation which then become enshrined in methodology and 

imposed on the database. 

Because the study of archaeological landscapes is an eclectic field and draws on a 

variety of existing strands of research in archaeology and other disciplines, it is not 

the purpose of this chapter to conduct an exhaustive review' of the subject. More 

specific literature relating to aspects of this thesis have been reviewed and discussed 

in the context of relevant chapters. The purpose of following review is to outline 

issues in landscape-oriented research in order to draw attention to fundamental 

principles which on the basis of current theory and research are held to be important 

in the design of regional frameworks. 

Foonation processes 

Formation processes are critical processes which operate in often complex ways to 
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displace over time the artefact deposition patterns of prehistoric settlement. Regional 

research in which the existence and control of formation processes has been largely 

ignored provides a potentially unreliable base on which to build models of settlement 

patterns. 

The study of formation processes is an important facet of recent landscape-oriented 

research (Rossignol1992:7). Schiffer (1972, 1983) has been one the main exponents 

of the theory of archaeological formation. Schiffer (1983:675-677) recognised two 

basic types of formation processes - natural and cultural - which both form and 

transform the archaeological record. Sometimes viewed as 'post-depositional' 

processes (e.g. Foley 1981:166), Stein (1987:354) and Dunnell (1992:36) have 

stressed the need to identify and isolate depositional events (including both cultural 

discard as well as burial and erosional processes) in the history of the formation of 

archaeological deposits. 

The role of processes which intervene between the discard of artefacts and their 

recovery in archaeological contexts has become increasingly recognised in 

archaeology such that it is no longer possible to assume that the archaeological 

record provides a direct reflection of past behaviours. In Australia, the work of 

Hughes and Lampert (1977) and Richardson (1992) has been instrumental in 

demonstrating the effects of human occupational disturbance on the formation of 

archaeological rockshelter deposits. The recognition of the role of natural formation 

processes has led to more detailed analysis of the depositional history of landforms in 

determining whether artefacts are recovered archaeologically (e.g. Hughes and 

Lampert 1980, Hughes and Koettig 1989). 

A number of studies have examined non-cultural formation processes in the 

Australian arid zone. These have included site-specific studies of artefact movement 

(Cameron et al .. 1990, Robins 1993), the mapping of artefacts in relation to surface 

geomorphology (Holdaway et al. 1998) and the concurrent recording of 

archaeological and geomorphic variables in regional surveys (Hughes and Lampert 

1980 and Witter 1990). These studies serve to illustrate the necessity for an 

understanding of the processes specific to the landsurfaces and deposits of arid 

landscapes in planning, carrying out and interpreting archaeological research in those 
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settings. Waters (1991:141) has reached a similar conclusion in the semi-arid 

landscapes of Southern Arizona. 

Critique of the site concept 

Problems associated with the identification and definition of sites in archaeological 

contexts has attracted growing attention in regional archaeology. Alternatives to 

traditional site-based approaches, often referred to as 'non-site' or 'off-site' 

approaches, have been developed to deal with these problems (e.g. Foley 1981, 

Thomas 1979). Such approaches have attracted further, more critical interest, through 

the recent emphasis on archaeological landscapes (Dunnell 1992, Robins 1993). The 

criticism of the site concept has important implications for the design of regional 

surveys in central Australia which are in step with current trends in landscape

oriented approaches. 

The types of 'sites' which have attracted the most critical attention are surface 

scatters of stone artefacts. Stone artefacts are often the most abundant and 

widespread archaeological materials in regional surveys prompting the need to 

combine them into larger aggregates for the purpose of management and analysis of 

assemblage variability (Hughes and Koettig 1989, Holdaway et al. 1998). The 

arbitrary nature of definitions which group some artefacts into sites and exclude 

others has long been recognised (Plog et al. 1978:387). As Foley (1981:161) has 

suggested, in some situations, the relatively continuous nature of the artefact 

distribution makes such distinctions difficult to apply. 

Empirical arguments have been overshadowed in recent times by criticism of the use 

of sites as analytical units (e.g. Dunnell 1992). A key assumption in settlement 

pattern analysis is that organisation of human activities on the landscape is reflected 

in variation between archaeological 'sites' or 'site patterning' in Binford's (1982:6) 

terms. Another way of dealing with regional variation is to conceptualise the 

archaeological record as a distribution which 'varies continuously in space' 

(Ammerman 1982:120). The interpretation of 'site patterning', must also deal with 

the effects of formation processes. As Hughes and Keottig (1989:7) note, the limits 

of archaeological sites in the Hunter Valley region often correspond with the 
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distribution of bare eroded surfaces. These observations have implications for the 

validity of sites, namely, do they measure what they are intended to measure? 

Other factors serve to obscure the relationship between site location and activity 

location and thus diminish the effectiveness of sites as analytical units. Several 

observers (Camilli 1989:20, Dewar and MacBride 1992:234, Wandsnider 1992:271) 

have posited a relationship between the size and patterning of artefact scatters and the 

degree of re-occupation so that a single site may represent a series of unrelated 

occupations accumulated over an indefinite period of time. This warns against the 

treatment of artefact scatter sites as, in Camilli's (1989:17) terms, 'frozen 

consequences of one episode of activity, as is often assumed by researchers guided 

by ethnoarchaeological observations of simple events.' 

Scale issues 

To demonstrate gaps in the regional research base in central Australia it is necessary 

to examine the extent to which, collectively, studies are adequately addressing a set 

of issues which relate to the scale of archaeological observation and regional 

interpretation. Emerging theory and research are demonstrating the necessity of 

looking more closely at scale issues in defining appropriate units of observation and 

analysis. 

Issues of scale are central in this thesis (as embodied in the title) and are used to 

provide a rationale for a specific type of regional approach. Archaeology incorporates 

different notions of scale - spatial, temporal and spatiotemporal - in its interpretation. 

Settlement patterns are an example of 'floating' systems which shift their locational 

properties with time (Wilson 1980:128). Systems of this type are referred to as 

'spatiotemporal'. However, as a static entity the archaeological record can only be 

observed spatially (Schiffer 1976:42-43). Decisions which relate to the scaling 

dimensions of observational units are thus an integral part of the archaeological data 

collection process. 

A major point to come out of the review earlier in the chapter is that definition of 

regional scale must be sufficiently large to include variations in settlement patterns 

and land use but small enough to investigate the organisational relationships between 
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sites. Recent approaches which draw on the notion of landscape as an integrative 

focus have also demonstrated the need to consider scale issues (Rossingol 1992, 

Stafford and Hijac 1992). The concept of landscape, which is not scale-dependent, 

avoids the use of fixed scale thus opening up the possibility of a more comprehensive 

understanding of processes which form the archaeological record. Another feature of 

this focus on scale in the study of archaeological landscapes is the creation of links 

between scales (Rossignol 1992:7). There are three ways in which links between 

scales can assist in the investigation of regions. 

Firstly, regional interpretation is often a process of establishing relationships between 

smaller scale units. As outlined earlier in this chapter, Binford (1982:4) maintained 

that the investigation of different yet related sites would permit an understanding of 

the organisation of settlement patterns as ecological and adaptive systems. 

Approaching settlement patterns in this way thus involves a shift in observation 

between regional (or system) scale and the occupation of specific places (local scale). 

Further, the geomorphic processes which operate to alter the pattern recovered 

archaeologically can also be conceptualised at local and regional levels (e.g. Pickup 

1991). As Pickup (1991:470) notes in relation to central Australian floodplain 

systems 'landforms produced by localised processes cannot be explained without 

reference to the regional context'. 

Secondly, different processes (settlement and geomorphological) can be analysed 

using the same spatial scales. Rossignol (1992:4) argued for 'conscious 

incorporation' of regional geomorphology and the investigation of past land use. 

Similarly, Foley (1981: 178) advocated the concurrent analysis of regional artefact 

distribution and post-depositional processes. Foley (1981:170) suggested further that 

natural formation processes were likely to affect the distribution of artefacts at local 

rather than regional scale. Nonetheless, as Rossignol (1992:7) observes, the study of 

formation processes has been emphasised at the site level over research carried out at 

regional scale. 

Thirdly, temporal scales can be linked to spatial organisation in order to investigate 

settlement patterns in a chronological framework. The concept of the 'tempo of land 

use' (Binford 1982:16) brings the relationship between spatial organisation and 
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temporal scales into sharp relief (see Wandsnider 1992:258). The rate of 

(re )occupation (often determined by the degree of spatial overlap between settlement 

patterns) creates the temporal 'grain' (resolution) of the archaeological record. 

These observations are particularly relevant to the issue of whether surface and 

subsurface deposits can effectively be integrated within a single space-time 

framework. Frankel (1988:41, 1993:25-26) for example, has argued that different 

rates of accumulation of archaeological deposits will often necessitate the use of 

different temporal scales in their interpretation. Dewar and MacBride (1992) have 

made similar observations. Like Frankel (1988:47) and Hiscock and Kershaw 

(1992:44) they note that the archaeological record is often too coarse-grained to be 

analysed at the time scale of ethnography. 

The implications of varying scales of both time and space thus need to be considered 

in the design of regional frameworks. The explicit use of varying scales in recent 

landscape-oriented research raises conceptual and methodological issues for regional 

studies in central Australia It is important to establish how effectively previous 

research has provided a framework for dealing with the varying degrees of spatial 

and temporal resolution represented in the regional archaeological record. These 

issues are taken up in the following section. 

2.4 Previous research in central Australia 

The foregoing review has focussed on recent and ongoing issues in regional research. 

The following review of research in central Australia is carried out firstly, to assess 

the extent to which these issues have been adequately addressed in regional research 

strategies and secondly, to identify gaps left by previous research which limit the 

interpretation of prehistoric settlement. 

Definition of re~jon and scale 

Previous research undertaken in the central Australian ranges and their hinterland 

varies in the extent to which regions have been investigated as explicit and well

defmed areas. For the majority of research projects with limited scope and objectives 

the issue of regional definition has not been a priority. This applies primarily to 
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research with specific aims such as management (Hennes 1990, Kinhill 1992, 1993, 

Smith et al. 1983, Thorley 1991 and numerous smaller investigations not referred to 

individually in this review) and studies of ethnographic material culture (Binford 

1984, Binford and O'Connell1984, Hayden 1977, 1979, O'Connell1974, O'Connell 

1987). With these exceptions, archaeological research has generally aimed to 

reconstruct prehistoric settlement from a regional perspective, although in different 

ways. 

Central Australia has historically been seen as a distinctive cultural and 

environmental region. Once defined as a separate territory - The Territory of Central 

Australia - for administrative purposes, central Australia is a widely used term which 

lacks clear definition. In so far as it has come to define the unit of analysis in much 

archaeological research, the definition of the term warrants closer and more critical 

attention. 

The concept of the 'Central Desert' proposed by Gould (1978:90) followed 

Strehlow's (1965:121) definition of central Australia in linguistic tenns as the area 

occupied by Arrernte speakers. Strehlow's definition, in terms of its analytical basis, 

scale and boundaries, has left a lasting impression on archaeological researchers 

working from an adaptive framework. In Strehlow's (1965) view, the cultural 

differences between Arrernte and their Western Desert neighbours was seen largely 

to be the result of the distinctive environment of the central Australian ranges. 

Strehlow (1965:122) stated: 

... the Western desert lacks - except in its eastern border lands -
those large river systems, flowing springs and pennanent 
waterholes that once permitted the Aranda to develop their 
intricate social and cultural institutions. 

Following Strehlow, Gould (1978:85-92) and Saggers (1984:64, Gould and Saggers 

1985:124) defined two broad regions- the Central Desert and Western Desert- on 

the basis of both cultural and environmental criteria The Central Desert was said to 

correspond with the distribution of Arandic-speaking groups and the central 

Australian ranges. The Western Desert was a much larger area of linguistic 

uniformity and relative impoverishment of water and food resources. The boundaries 

of these units lacked definition, as Saggers (1984:64) pointed out: 
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Precise geographical definition of the Western and Central 
Deserts is impossible for at least two reasons. The terms merely 
simplify and encompass smaller regions, and they referred 
initially to cultural rather than natural areas. 

Despite these observations, Gould and Saggers did not go on to further subdivide the 

two regions. Their research area in the eastern James Range, though comprising only 

a small fraction of the total Central Desert, was seen to be representative of this wide 

region (Gould 1978:89, Saggers 1984:64) Gould and Saggers' approach thus 

overlooked some of the finer details of both their own and Strehlow's 

characterisation of the central Australian ranges as differentiated culturally and 

linguistically, and the anomaly of Western Desert speaking groups within the more 

reliably watered ranges of central Australia (Strehlow 1965:143). Yet these smaller 

scale divisions and inconsistencies were also left unexplained by Strehlow in his 

view of the role of environmental factors in shaping the relative cultural and 

linguistic homogeneity of the two larger regions. 

A similar broad-scale approach to the definition of central Australia as a region has 

been adopted by Smith (1988:60) and Gunn (1995a:117). In synthesising the region's 

rock art, Gunn (1995a:117) and recently Galt-Smith (1997:40) have defined central 

Australia as a discontinuous block of ranges extending outward and south from the 

MacDonnell Range and into South Australia and Western Australia. This is a much 

wider region than the block of ranges included in Thackway and Cresswall' s 

(1994:36) MacDonnell Range bioregion. 

Smith's (1988:60) definition of central Australia encompasses a similar scale, 

defined by 'two major physiographic provinces; the central ranges and the desert 

lowlands lying to the south of the ranges'. The central ranges include those of the 

MacDonnell Range bioregion as well as a number of outlying and narrow ranges 

such as the eastern James Range and the Rodinga Range - separated from larger 

continuous ranges, but with affinities with the environment of the main body of 

uplands. The southern lowlands merge with the Simpson Desert, which they appear 

to include, resulting in imprecise definition. However, the inclusion of a broad zone 

of transition is consistent with the scale of biogeographic modelling adopted by Veth 

(1989, 1995a:34) and Smith (1993). Such a definition includes the middle to lower 

catchments of rivers, like the Palmer River, with headwaters in the ranges. 
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In carrying out research within a similar broad zone of transition to the north of the 

MacDonnell Ranges, O'Connell (1977) defined the Sandover River basin as the 

region for a comparative study of stone implements. Such a definition, based on 

drainage, overcomes some of the problems of definition affecting other research and 

recognises the relationship between drainage and relief. O'Connell's (1977:269) 

understandings of the annual settlement patterns of hunter-gatherers in the Sandover 

basin were also influenced by ethnographic accounts of settlement organisation. 

Based primarily on accounts of traditional Aboriginal settlement to the north of the 

central Australian ranges, hunter-gatherers were said to have occupied permanent 

waters along the river during the dry winter months, dispersing with summer falls to 

exploit otherwise inaccessible resources near ephemeral waters. The application of a 

landscape scale informed by an understanding of the organisation of hunter-gatherer 

settlement was therefore a feature of the study carried out by O'Connell (1977) in the 

Sandover River basin. 

Location of research 

The distribution of research gives an indication of the areas which have been most 

thoroughly investigated within central Australia. There is a close relationship 

between the type of research and the location of study areas. Rock art research has 

been almost exclusively situated within ranges and outliers (see Gunn 1995a for a 

review). Studies which focus on surface scatters of stone artefacts with little or no 

excavation have been the only type of research undertaken in areas away from the 

ranges (Napton and Greathouse 1996, O'Connell 1977). This trend has been 

accentuated by consulting investigations carried out as part of management projects, 

which represent the types of terrain where infrastructure are typically placed, namely 

in areas of low relief away from hills and ranges likely to pose an obstruction (e.g. 

Thorley 1991). 

Within the MacDonnell Range bioregion, the most favoured localities have been in 

the southernmost belt of sandstone ranges which includes the James, Gill and 

Krichuaff Ranges or outliers of this system. This is particularly true of the larger 

excavation programs undertaken by Gould (1978) and Smith (1988) suggesting that 

the concentration of research in this area is related to the presence of geological 

formations (mostly rockshelters) with suitable contexts for the formation of deposits 
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(see also Smith and Rosenfeld 1992). The high quartzite ridges which fonn the main 

body of the MacDonnell Ranges have been avoided by the major excavation research 

projects. 

There are however, other factors which may have contributed to this selective focus 

on the southern belt of the ranges and its outliers. Some of the areas targeted by 

Smith (1988:72), for example, were selected at least partially because of rich surface 

indications. Further, sites excavated by Gould (1978:93) in the James Range were 

also located in areas which revealed abundant surface scatters of stone artefacts and 

other types of archaeological materials (Saggers 1984:101). Despite their preference 

for particular localities, neither Gould (1978) nor Smith (1988) attempted to account 

for the high density and richness of archaeological materials in these areas or the 

extent to which they were likely to be representative of the wider regions they were 

investigating. 

Aims of previous research 

Central Australia has attracted archaeological research with wide-ranging aims and 

research strategies. There have been few attempts to integrate aims across research 

projects. In addition to the major regional research projects, there have been a 

growing number of studies directed primarily toward management, the aims of which 

are determined by the priorities of development projects. There have also been a 

number of studies devoted primarily to the management and interpretation of rock art 

sites (Edwards 1966, Forbes 1982, Gunn 1995a, Tacon 1994, Galt-Smith 1997). 

The earliest research which specifically addressed archaeological questions using a 

combination of regional survey and excavation methodology was Stockton (1971). 

The aims of Stockton's (1971) research were to establish the presence and age of 

Australia-wide stone tool industries in central Australia reflecting the prevailing 

archaeological research interests of the time in implement typology and the 

distribution of continent-wide industrial sequences (Mulvaney 1969). 

Following broader trends in archaeology, research in the 1970s to early 1980s 

underwent a shift in direction toward a more ecological and behaviour oriented view 

of the factors influencing archaeological assemblages. A number of North American 
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researchers - most notably Richard Gould, James O'Connell, Brian Hayden and 

Lewis Binford - began work in central Australia in the 1970s, bringing with them a 

collective interest in ethnoarchaeology. It is significant that all four attended the 

symposium on stone artefacts held in Canberra at the Australian Institute for 

Aboriginal Studies in 1974 (subsequently published as 'Stone Tools as Cultural 

Markers', Wright 1977). This symposium drew together the leading overseas 

researchers with interests in behavioural and ecological approaches to artefact 

analysis, consistent with trends in American processual archaeology (Watson 

1995:684). 

The ethnoarchaeological research carried out in central Australia in the 1970s was 

aimed at documenting material culture to gain an understanding of its function and 

the factors accounting for discard of material culture items recovered 

archaeologically (Hayden 1977, 1979, Binford 1984, Binford and O'Connell 1984, 

O'Connell 1974, 1987). That is, the aims of this research were directed to the 

building of general theory about relationships between human behaviour and 

archaeological patterning rather than the specifics of prehistoric settlement in central 

Australia. 

O'Connell's (1977) and Gould's (1978) research was directed more specifically 

toward issues in regional organisation. Gould's research was carried out in 

conjunction with Sherry Saggers (Saggers 1982, 1984, Gould and Saggers 1985). 

Like O'Connell (1977), the aims of this research were specifically geared to 

accounting for variations in stone artefact assemblages as a function of the structure 

of the central Australian environment. However, in O'Connell's (1977) research, the 

concept of regional variation was applied between different sites occupied within a 

single settlement pattern, while in Gould's (1978) and Gould and Saggers'(1985) 

research, the aims were to compare sites representing different settlement patterns 

and adaptive systems (Central and Western Deserts). Despite their different 

conceptions of region and scale of analysis, these studies were similar in first, setting 

out to systematically examine the differences between stone artefact assemblages and 

second, in developing theoretical perspectives to account for those differences 

informed by an understanding of regional variation. 
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Another American Kyle Napton began a series of archaeological investigations in 

central Australia in the 1970s. Napton's research ranged over a large area, initially as 

part of Gould's Central Desert survey. Napton returned (assisted by Elizabeth 

Greathouse) for a further eight seasons of fieldwork between 1979 and 1988 to carry 

out a number of independent studies organised loosely around the aims of the SARG 

(Southwestern Archaeological Research Group) project (SARG 1974). The SARG 

project aimed to develop broad generalisations about the location of settlements in 

relation to resources, by gathering data on the location of archaeological sites across 

the globe. 

Beyond these aims, the ultimate purpose behind Napton's work has never been 

clearly stated and only brief reports of the research have appeared in print (Napton 

and Greathouse 1985, 1996). The excavation of a rockshelter at Pine Gap - a site 

specific study of the timing of occupation and stone artefact chronology - represented 

an apparent departure from the aims of the SARG group. The research at Pine Gap 

was also described in a MA thesis by Greathouse (1985). The aims of their more 

recently published research in the northwest Simpson Desert (Napton and Greathouse 

1996: 111-112) were wide-ranging, showing their ongoing interest in the SARG 

project combined with more general objectives, such as establishing antiquity of 

occupation and characterising stone artefact assemblages. 

The debate over colonisation of the Australian continent, rekindled by Bowdler' s 

(1977) coastal colonisation hypothesis, stimulated a major research project by Smith 

(1988). The aims of the research related specifically to issues of chronology; the 

timing of colonisation, the development of seed-grinding and the notion, originally 

proposed by Gould (1977), of long-term continuity in Australian arid adaptations. 

Smith (1988:68) describes the research strategy as follows: 

... the immediate objective of this project was an extensive 
archaeological sounding of the region using small excavations 
to investigate gross changes in the occupation of a series of 
sites. 

While this reveals a definite regional perspective, the emphasis of the research was 

on the identification of broad trends and consistencies between sites across a region. 

The aims of this regional approach, Smith (1988:69) goes on to state, were to 
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distinguish 'the regional signal' from the 'local noise' of individual sites. That is to 

say, Smith's (1988) intentions and interpretive focus were geared more to the 

development of a regional synthesis of prehistoric occupation in central Australia, 

rather than to the explanation of variation in the pattern of settlement within this 

broad region. 

Samplin~ strate~ies 

Irrespective of the way regions are defmed analytically, the possibilities and limits of 

interpretation of a regional system are dependent on the nature of the sampling 

techniques used. With the exceptions of the specific examples referred to below, 

sampling has tended to be site or locality based, with the sampled sites being widely 

spaced and purportedly representative of very broad environmental or geographic 

regions. 

The types of materials sampled have generally reflected the aims of the research and 

the interests and background of recorders. As Mowat and Richardson (1997) have 

noted in a review of the Northern Territory Museum archaeological sites register, 

rock art sites are more often recorded by non-professionals than graduate 

archaeologists. A similar bias is likely to be reflected in archaeological sites 

recognised by non-archaeologists affiliated with Aboriginal and natural heritage 

bodies, such as the Aboriginal Areas Protection Authority and the Northern Territory 

Parks and Wildlife Commission. 

Stockton's (1971) research was the first investigation in a central Australian region to 

combine surface recording and analysis with excavation. Stockton (1971) collected 

artefacts from 30 'sites' and excavated two trenches at a large open scatter/engraving 

site (Keringke ). The two trenches were labelled K and R, the latter becoming the 

basis for his analysis of changes in the stone artefact assemblage. Nonetheless, both 

trenches appeared to show, to varying degrees, problems commonly associated with 

open site excavation - lack of stratification, reworking of sediments and change in 

deposition rates contributing to increased artefact densities - problems which 

Stockton (1971 :57-58) himself acknowledged. It was also clear to Stockton that more 

extensive samples were required before it would become possible to generalise the 

findings to a wider region. 

27 



Gould.(1978) carried out a nwnber of trial excavations in the eastern James Range, 

with James Range East (lntirtekwerle) eventually selected for extensive excavation. 

The purpose of the excavation was to provide a Central Desert site suitable for 

comparison with Puntutjarpa, the site selected to represent the Western Desert region. 

Gould and Saggers (1985) later extended the analysis of Intirtekwerle to include a 

survey of the surface 'lithic landscape' of the site. A detailed survey was undertaken 

of a 24 kilometre radius around both sites to docwnent all potential sources of stone 

artefacts. Assemblages from the excavated deposits were then compared in tenns of 

the relative contribution of 'local' raw materials (from sources within the survey 

radius) and 'exotic' materials (from unidentified sources outside the survey area). 

As an integration of surface survey and excavation methodology, the research by 

Gould and Saggers (1985) was well-conceived. However, there was very little 

analysis of the surface patterning of artefact scatters in relation to Intirtekwerle other 

than to note the location of potential raw material sources. As an approach to regional 

variation, the comparison of the two sites relied on the asswnption that single sites 

are sufficient to represent a region. There is difficulty in sustaining this asswnption in 

view of the distances between the sites and the degree of environmental variability 

within each region. 

In drawing on the principles of SARG, Napton and Greathouse's (1985, 1996) 

research represents a departure from other research in central Australia in its 

explicitly methodological focus, particularly in tenns of the sampling design. The 

Simpson Desert component of their work utilised systematic sampling within 

environmentally defined zones. However, as Witter (1990:6) and Thomas (1979:61) 

have noted in relation to the SARG project generally, Napton and Greathouse's 

research has been plagued by methodological problems. Despite their often elaborate 

sampling strategies, the link between the sampling methods and the expected scale of 

regional variation has been poorly articulated. This applies both to the Simpson 

Desert surveys and to their wider, largely unpublished, research. 

In the Simpson Desert survey (Napton and Greathouse 1996), sampling decisions 

were guided by environmental variability but without taking account of the key 

environmental factors, such as water pennanency, which previous researchers (e.g. 
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Gould-1978, O'Connell 1977) had considered likely to affect settlement patterns in 

arid environments. The survey techniques and the analysis of patterning also 

overlooked the role of formation processes, which they had previously investigated 

in carrying out a 'specimen displacement test' in the Rodinga Range (unpublished 

field notes, Museum and Art Gallery of the Northern Territory). The results of this 

latter work were not referenced in their Simpson Desert publication and, like the 

majority of their work carried out in central Australia, are yet to appear in print. 

O'Connell (1977) used a more selective and purposeful sampling strategy based on 

an ethnographic understanding of the role of sites in regional settlement patterns. 

O'Connell (1977) analysed stone implements from seven artefact scatters in the 

Sandover River catchment. Sites were selected to highlight variation across the 

landscape and seasonality of use, as described by Alyawara-speaking Aboriginal 

informants. Sites were also divided into groups according to their proximity to stone 

resources. While the sample of sites was small and limited to certain types of 

artefacts (ie finished tools), the placement of sampling units to highlight expected 

sources of variability proved an effective use of the limited sample size. 

In Smith's (1988) research, a sample of nine sites was excavated and analysed 

concurrently with the results of previous research by Gould (1978) and Napton and 

Greathouse (1985). The combined sample of sites included open sites and 

rockshelters and covered an extensive sweep of the central Australian ranges from 

the Cleland Hills in the west to the Rodinga Range in the southeast. No attempt was 

made to analyse surface materials or to systematically examine how environmental 

variability across the study region was reflected in sites. The emphasis on excavated 

sites, however, was consistent with his investigation of the long-term record of 

human occupation over a wide geographic area. 

In contrast to academic research projects, which have been directed toward specific 

research issues, there have been a growing number of consulting investigations 

aimed at management issues. Consulting investigations have generally sought to 

obtain a sample of the full range of archaeological materials in areas threatened by 

development and have often employed explicit definition of sites and systematic 

recovery techniques (e.g. Kinhill 1993). However, the location and scale of 
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consulting investigations have been set by the needs and priorities of development 

projects, rather than being selected and designed to provide a representative or 

theoretically relevant sample. As the body of information from consulting in central 

Australia grows, questions are increasingly posed regarding its potential to contribute 

to an understanding of prehistoric settlement. 

Interpretative frameworks 

Research in central Australia has come a long way in terms of developing models for 

the interpretation of prehistoric settlement. Interpretative approaches, however, have 

tended to emphasise either the spatial or the temporal aspects of settlement rather 

than a combination of the two. Research has also yet to deal with the issues of scale 

critical to the integration of these two fundamental aspects of regional research. 

The two major research projects in central Australia, the research directed by Gould 

(Gould 1978, Gould and Saggers 1985) and that of Smith (1988), have approached 

the interpretation of their data from very different perspectives - one from the 

perspective of synchronous patterns of settlement and the other from the diachronic 

perspective of long-term change. In their comparison of Intirtekwerle and 

Puntutjarpa, Gould and Saggers (1985) selected samples from the upper late 

Holocene levels and showed little interest in comparison between the two excavated 

sites at different periods in their occupation (although details of chronology and 

vertical artefact distribution were presented separately in Gould 1977, 1978 and 

Webster 1982). Smith (1988) on the other hand, analysed sites primarily as temporal 

sequences in order to document changes in time rather than space. 

Despite their different perspectives, both researchers have been informed by an 

ecological understanding of human adaptation in arid environments. Smith's 

characterisation of settlement in the arid zone, based on research in central Australia, 

is largely one of a sequence of human responses triggered by environmental change 

over a considerable period of time (Smith 1986a, 1989). For Gould (1977, Gould and 

Saggers 1985), the notion of a stable adaptation throughout the period of human 

occupation of the arid zone underlies the interpretation of settlement processes in 

essentially spatial terms. Similarly, O'Connell's (1977) research emphasised a 

synchronic perspective, which examined settlement pattern as a response to the 
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environment of the Sandover River region, yet no attempt was made to account for 

the processes through which the organisation emerged over time. Rock art research 

has also been directed largely toward synchronic issues and has relied heavily on 

ethnography to guide interpretation (Galt-Smith 1997, Gunn 1995a, Tacon 1994). 

Although attempts have been made to integrate survey and excavation data in 

previous research, these efforts have lacked an analytical framework for linking the 

organisation of settlement patterns with the long-term occupation of regions. As 

suggested earlier, to do so would require a reduction in the size of regions as 

analytical units from the broad scale in which they are defined at present. Excavation 

techniques would need to address, in a systematic manner, the factors likely to 

influence organisation in hunter-gatherer aggregation and dispersal patterns by 

selecting sites to highlight spatial variation. Similarly, techniques need to be 

developed through which surface materials can be placed in a chronological 

framework. The problems of integrating spatial and temporal domains are complex, 

spanning a wide range of theoretical and methodological issues. While posing a 

major interpretive challenge for regional studies, unless consideration is given to 

these issues, the goal of reconstructing long-term settlement patterns in central 

Australian will be difficult to achieve. 

2.5 Summary of problem 

Prior survey and research in central Australia has demonstrated its potential to 

contribute substantially to understandings of arid zone settlement and human 

adjustment to environmental change. However, its potential has not been fully 

exploited because of a lack of consistency and integration in the use of concepts, 

methods and theory. 

Table 2.1 summarises the attributes of previous research in terms of the extent to 

which each study has addressed issues relevant to the design and interpretation of 

regional studies. The overview in Table 2.1 shows that, while previous research 

projects have separately addressed a wide range of pertinent issues, they have yet to 

be brought together in an integrated and comprehensive manner within a single 

study. For example, it can be seen from Table 2.1 that three studies used some form 

of systematic sampling yet none of these were applied to a clearly defined region. 
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Table 2.1: Summary of selected attributes of archaeological research projects in central Australia. 

Explicit Region Region Analysis of Analysis Explanation 
definition of defined at defined at surface of excavated ofspatial 

region(s) bioregional landscape materials materials variation 
seale seale 

Edwards 1966 • • 
Stockton 1971 • • 
O'Connell1974 • 
O'Connell 1977 • • • • 
Hayden 1977, 1979 • • • 
Gould 1978 • • • • 
Saggers 1982 • • • • 
Forbes 1982 • • 
Webster 1984 • 
Smith 1983 • • 
Smith eta/. 1983 • • • • 
Saggers 1984 • • • • • 
Binford 1984 • • 
Binford & O'Connell 1984 • • 
Gould & Saggers 1985 • • • • • 
Greathouse 1985 • 
Napton & Greathouse 1985 • 
Napton & Greathouse 1996 • • • 
O'Connell 1987 • • 
Smith 1988 • • • 
Hermes 1990 • 
Thorley 1991 • • 
Smith & Rosenfeld 1992 • 
Kinhill 1992 • • 
Kinhill 1993 • • 
Tacon 1994 • • 
Gunn 1995a • • • • 
Galt-Smith 1997 • • • • 

Explanation Systematic 
of temporal regional 

variation sampling 

• 

I 

• 
• 

I 

I 
• I 

I 

• • 

• 

• 
• 



Only one study used a landscape scale in defining the region. None of the studies 

which have provided frameworks for analysing spatial variation have developed 

approaches for the interpretation of temporal variation and vice versa, despite the fact 

that four studies combined the analysis of surface and subsurface materials. 

The lack of a comprehensive integrative strategy poses a number of problems for 

regional interpretation. Six problem areas can be identified as limiting previous 

archaeological interpretations. Specifically, 

1) Lack of consistency of aims. Previous research has incorporated widely divergent 

aims resulting in selective use of data and interpretations of settlement. The aims of 

excavation and survey have been directed at an understanding of temporal or spatial 

patterning, without effectively combining the two perspectives in a single analytical 

framework. 

2) The scale of regions. The concept of region has been typically broad scale, 

particularly in excavation research. Chronological trends have been inferred from 

solitary sites or from a small sample of sites taken from a wide area. A shift in the 

scale of research toward smaller regions is needed to link the analysis of temporal 

sequences to organisation in hunter-gatherer aggregation and dispersal patterns. Such 

an approach is also necessary to investigate the role of key variables, such as water 

availability and permanency, which are commonly held to account for such 

organisational patterning in hunter-gatherer settlement systems. 

3) Sampling strategies. Sampling strategies have not yet been designed to provide 

representative samples of archaeological materials within defmed environmental 

regions. More systematic and representative sampling is required to identify the 

extent to which existing data from research, management and non-academic 

recording are likely to have been biased through the use of selective and/or 

opportunistic data collection methods. 

4) Site definition and representativeness. The emphasis on broad regions has resulted 

in sampling strategies that are often site-based and selective in terms of the location 

and types of materials represented. Despite the focus on 'sites' as units for defining 
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assemblages, consideration has not been given to the basic issue of what constitutes 

an archaeological site and how sites are defined both spatially and temporally. 

5) Location of research. In targeting sites with potential for excavation researchers 

have focussed on specific localities in the southern ranges and outliers of the 

MacDonell Range bioregion. While these are clearly areas of high archaeological 

potential, only the eastern portion of the James Range has been intensively sampled. 

Excavated sites have been broadly spread throughout the remainder of the southern 

ranges and outliers. Without detailed and systematic research within this system of 

ranges, the representativeness of the existing sample of excavated sites remains open 

to question. 

6) Consideration of formation processes. The possibility that archaeological deposits 

have undergone varying degrees of post-depositional modification had been raised 

during the first excavations in central Australia by Stockton ( 1971 ). Despite 

acknowledgment of the potential effects of these factors, there has been no attempt to 

incorporate the study of formation processes within studies which seek to interpret 

settlement patterns at regional scale. 

To the extent that these problems have been allowed to persist, doubt must be cast on 

previous interpretations of settlement prehistory in central Australia. This study aims, 

as much as possible within the scope of the research, to correct these problems and to 

pave the way for further advances in the theory and method of regional 

archaeological research. 
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CHAPTER3 

RESEARCH DESIGN, SAMPLING STRATEGY AND SURVEY PROCEDURES 

3.1 Introduction 

The previous chapter indicated that existing research and research strategies in 

central Australia had left a database which may be unrepresentative and to a degree 

questionable. This research project aims to complement existing studies and in the 

process justify the use of a different style of regional research which is more 

systematic and comprehensive than previously attempted in central Australia. It is 

landscape-centred in the Palmer River catchment rather than centred around isolated 

and selected sites spanning the central Australian ranges and their hinterland. It 

includes a package of methodologies designed to overcome problems in previous 

research in this area and its interpretation. 

This chapter outlines the general aims of the project, the rationale behind the overall 

research design and the ways in which some of the more general methodological 

issues are approached. The more specific aims of particular aspects of the research -

and procedural issues related to them - will be discussed in Chapter 5 to 8 which 

describe and analyse the empirical work undertaken. 

The contents of this chapter are organised into two parts. The first part sets out the 

basis for sampling strategy, which includes a summary of the landscape approach and 

a description of the regional resource structure. The second part describes the actual 

sampling methodology and survey procedures used in carrying out the research. 

3.2 General aims of the research 

1) To evaluate the application in central Australia of a landscape-oriented approach 

which is in scale more intensive, more comprehensive and more representative 

than existing research. 

2) To adopt, refine and test strategies and methodologies which are consistent with 

current trends in the study of archaeological landscapes. 
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3) To .compare conclusions derived from a landscape-oriented approach with those 

which have been reached by research undertaken from different perspectives. 

4) To analyse the implications of the methodological and substantive findings for 

current theory and future research. 

3.3 Design of the research 

In keeping with its aims, the research draws on principles derived from the recent 

study of archaeological landscapes. The features of these approaches and their 

application in this research are summarised in Table 3.1 and elaborated below. 

Landscape approach to re~ional scale 

The study of archaeological landscapes provides a framework for this study the 

purpose of which is to integrate the investigation of a range of research problems at 

regional level. Such a framework incorporates the spatial and temporal dynamics of 

prehistoric land use with the investigation of formation processes to provide a more 

secure basis for the interpretation of regional prehistory. The design of research is 

intended to reflect the dynamics of these processes and their scale of operation. 

In this thesis, the notion of a drainage catchment of a desert river system - the Palmer 

River catchment - is used to provide an appropriate regional scale for the concurrent 

analysis of settlement and non-cultural formation processes. The Palmer River 

catchment encompasses sufficient variation to model human settlement patterns in a 

range of different yet related environmental contexts. As outlined below, the Palmer 

River catchment provides a network of waters of varying degrees of permanency and 

a diverse suite of landform types sufficient to reveal regional variation in settlement 

pattern. 

Defined in this way, catchments have greater potential to contribute to an 

understanding of settlement organisation than larger-scale biogeographic regions. 

While biogeographic regions such as the MacDonnell Range bioregion also show 

significant internal variation they are far less likely to provide a network of sites 

occupied by the same groups of hunter-gatherers. Furthermore, interpretations based 

36 



Table ~.1 Principles derived from the recent study of archaeological landscapes and 
their application in the design of the research. 

Feature 

(I) Utilising a landscape perspective in the 
definition of regional scale 

(2) Comprehensive approach to regional 
sampling 

(3) Consideration of variable temporal and 
spatial scales 

(4) Distributional and non-site survey 

(5)Evaluation of theory and method 
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Application in the research 

• A river catchment defined as the research 
domain 

• Regional variation within the catchment used 
to model settlement patterns 

• Representative sample from a range of 
environmental settings within the catchment 

• Use of a combination of random and 
purposive sampling techniques 

• Landscapes selected to highlight variability 

• Spatially representative samples from target 
landscapes 

• Analysis of surface and subsurface materials 
from the same landscapes 

• Environmental (independent) variables 
defined at different spatial and temporal 
scales 

• Surface distributions analysed to determine 
temporal relationship between materials 

• Subsurface materials excavated and analysed 
to define temporal units and their scale of 
resolution 

• Survey uses both distributional techniques 
and site-based techniques 

• Distributional survey used to assess the 
validity of the site concept and its application 
in the research · 

• A design formulated to allow reporting of 
exceptions and unanticipated findings 

• Use of reliability and validity assessment 

• Application of more objectively-defined 
measures in order to increase the 
replicability of findings 



on sampling at biogeographic scale must rely to a much greater extent on widely

spaced data points. Given equal time and resources available for a regional study, 

sampling applied at biogeographic scale will be less detailed and potentially less 

representative and, as a consequence, will be more prone to speculative over

generalisations regarding the nature of prehistoric settlement. By comparison, the 

smaller scale of catchments, in central Australia, allow sampling which is relatively 

intensive and controlled. 

A further advantage of the catchment concept lies in its potential to model the 

operation of geomorphic processes. A catchment is a system of linked drainage 

which redistributes water and sediment. Catchment, drainage basin, and 

erosion/deposition cell (Pickup 1985) are meaningful concepts for explaining 

processes which expose, bury and redeposit materials (artefacts and sediments) 

within the landscape. As such, the notion of a catchment provides a useful framework 

for conceptualising geomorphic processes at a regional scale which harmonises with 

settlement. 

Comprehensive approach to re~ional saroplin~ 

This study uses a combination of sampling techniques to obtain a representative 

sample of surface and subsurface materials within the catchment. The techniques 

employed are both random and judgemental. First, landscapes are selected 

judgementally to highlight variability within the catchment. Second, random 

techniques are used to obtain a 'spatially representative' sample from the target 

landscapes (Asche 1979: 182). The integration of survey and excavation methods is 

achieved through sampling of surface and subsurface materials from the same 

landscapes. 

The rationale for regional scale sampling is to obtain a more complete and 

representative sample of past human activities. However, as Read (1979:50-51) 

observed: 

Regional survey usually precludes complete investigation. Since 
the focus of regional surveys is on understanding inter
relationships among sites, the question of bias and precision is 
extremely important. 
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Recent approaches to the study of archaeological landscapes address these issues 

through the use of sampling techniques which attempt to provide a representative 

sample of archaeological materials from a range of environmental settings (Zvelebil 

1992:194). This is achieved firstly through the use of techniques which increase 

'evenness' of survey (Wandsnider and Camill 1992:171) and secondly, by the 

application of methods which aim to sample the full range of artefacts, including 

spatially isolated and 'off-site' materials (Foley 1981). 

Recent criticisms of the analysis of assemblage variability have drawn close attention 

to the issue of sampling in regional research in arid Australia (Holdaway 1995a, 

1995b, Veth 1995b ). The interpretation of stone artefact assemblage variability has 

remained at the centre of debates over archaeological assemblages from Europe and 

the near East (Binford and Binford 1966, Mellars 1970, Rolland and Dibble 1990). In 

the Australian arid zone, approaches to assemblage variability have borrowed heavily 

from the ecologically-oriented perspectives ofprocessual archaeology, where sites or 

landscapes are held to fulfil different ecological and evolutionary functions for 

mobile or transhument groups. This approach has been the focus of regional studies 

in central Australia by O'Connell (1977), Saggers (1982), Gould and Saggers (1985), 

and elsewhere in the arid zone by Cane (1984) and more recently Veth (1993). In 

Veth's (1993) research, a settlement pattern model was used to predict variation in 

archaeological assemblages across the landscape, and a series of statistical measures 

designed to test the predictions. 

As Holdaway's (1995a:43) critique ofVeth (1993) suggests, the tailoring of research 

to specific hypotheses requires careful consideration of sampling techniques. The use 

of statistical tests relies on the assumption that the chances of any sampling unit or 

item being selected are random. In the present thesis, however, hypothesis testing is 

not the primary or sole use of probability sampling techniques. Equally, if not more 

important to this research, is the role of these techniques in generating representative 

samples of archaeological materials from a variety of landscape types. Given the 

largely selective and opportunistic methods employed by previous research in central 

Australia, the sampling methods employed in this research aim to achieve both a 

spatially representative sample and to compare the results derived from these 

sampling techniques with those obtained from less systematic methods. 
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The nGtion of representativeness is critical in the design of inter-assemblage studies 

and provides a rationale for sampling. Yet in practice, achieving unbiased samples is 

difficult due to geomorphic formation processes. Even in cases where total coverage 

is feasible, complete description of the archaeological record left by past occupants is 

rarely possible due to factors which modify, sometimes beyond recognition, the 

discard pattern of artefacts. Archaeologists are left with an incomplete record which 

has already been sampled by environmental processes and is likely to be biased no 

matter how sampling is applied (Cowgill 1994:10). In this study, the recording of 

geomorphic variables in conjunction with artefact data was seen as a way of 

evaluating and controlling the bias resulting from these environmental sampling 

effects. 

Application of multiple spatial and temporal scales 

In designing the research, consideration has been given to the possibility that the 

processes which determine the archaeological record may operate at different spatial 

and temporal scales. Because landscapes are not scale-dependent, a landscape 

perspective opens the possibility of exploration of the interaction between measures 

taken at different scales. 

Landscape provides an integrative focus for examining a range of actions and 

interactions between variables and their effects. These relationships include 

ecological processes (ie between organism and environment) and geomorphic 

relationships (land-forming processes). These relationships, as shown in examples 

above, interact in complex ways to influence the observed patterning of 

archaeological materials. 

While there is a limit to which these complexities can be resolved, the investigation 

of the problem can be approached partially. Hersen and Barlow (1976:37) state: 

The purpose of research in any basic science is to discover 
functional relations among dependant and independent 
variables. Once discovered, these functional relationships 
become principles which add to our knowledge of behaviour. 

In landscape-oriented research, the analysis of factors influencing the archaeological 
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record-can be approached by manipulating the two types of potential dependent 

variables (ecological factors affecting settlement and geomorphic factors affecting 

archaeological formation) at different spatial scales. If the effects of environmental 

variables are scale-dependent, it may be possible to control for their effects by 

shifting scales in order to isolate and reliably measure the source of archaeological 

variability. For example, the erosional and depositional processes which expose and 

bury artefacts on the surface may be a localised process while human use of the 

landscape is likely to be a factor of resource availability within a much larger area. 

From a landscape perspective, the temporal scale of the processes affecting the 

archaeological record is also considered likely to vary. Artefacts found on the 

surface, for example, could potentially represent the accumulated build-up of 

multiple occupations over a long period of time, while the landsurfaces on which 

they are found may be the result of recent depositional or erosional processes lacking 

in time depth. 

Subsurface materials provide greater potential for division into multiple temporal 

units (Holdaway et a/ 1998:1) opening the possibility for analysis of changes in 

settlement pattern with time. Despite this potential, the interpretation of such changes 

in terms of human adaptation, as Frankel (1988:41, 1993:25-26) has observed, relies 

on the temporal resolution of the subsurface archaeological record. 

In this study, excavated materials are analysed to define the temporal resolution of 

subsurface materials and thus determine how they may contribute to a diachronic 

perspective of human settlement and adaptation to environmental change. However, 

the possibilities and limits of interpretation are dependent on the resolution and time

sensitivity of the materials themselves. This is a particular problem for the analysis of 

surface assemblages. Without methods for dating these materials, their interpretation 

is limited to a synchronous perspective. 

Recent insights from the study of archaeological landscapes can assist in approaching 

these problems. It has been suggested that the spatial distribution of surface artefacts 

may provide information on the length and frequency of occupation ( eg Camilli 

1989:18, O'Connell 1987:103). In this study, both spatial and vertical distributions 
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are analysed to determine the extent to which it is possible to identify 'temporally 

discrete occupations' (Plog 1986:58). Information on the resolution and time depth of 

the archaeological materials recovered in this study will be used to assess their 

potential to contribute to issues of human adaptation to environmental change. 

Use of distributional and non-site survey 

The survey methods in this research include both distributional (artefact level) and 

traditional (site level) survey techniques. The critique of the site concept has led to 

innovations in survey method which do not rely on sites as units of discovery. Such 

approaches are referred to as 'siteless' (Dunnelll992:33). 

According to Wandsnider and Camilli (1992:173) there are two types of siteless 

techniques: (I) non-site techniques where the observational units are quadrats or 

transects of fixed size; and (2) distributional techniques which focus on the spatial 

properties of artefacts by mapping their locations in detail. Distributional techniques 

may also use a fixed sampling frame, but go further than non-site techniques in 

providing spatial data within units. 

The advantages of distributional techniques lie in their ability to record geomorphic 

information in conjunction with information on the spatial patterning of artefacts. As 

Holdaway eta/. (1998:1) have shown, by plotting the distribution of artefacts, sites 

can be defmed in spatial terms rather than arbitrary criteria and without imposing 

assumptions about what constitutes a site. The features of distributional survey can 

be contrasted with traditional methods of site recording and analysis where sites are 

often defmed on the basis of their relative density and are inferred to represent 

behavioural units. A further disadvantage, as Plog eta/. (1978:387) have argued, is 

that site definitions may result in systematic exclusion of small scatters and isolated 

artefacts. That is, archaeological materials which are potentially important in the 

interpretation of regional land use (Foley 1981:164, Thomas 1979:62). 

While embracing a critique of the site concept in its research design, this study does 

not entirely dismiss the validity of site survey techniques. The information derived 

from the distributional survey provides a control sample for assessing the findings of 

the site survey, enabling a rigorous assessment of the site definition, its applications 
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and its- interpretative limits and possibilities. 

Evaluation of theory and method. 

This thesis borrows the general principles of unit evaluation which underlie the 

archaeological landscape approach to critically analyse the data collection and 

interpretive methods used in this and previous regional studies in central Australia. 

Evaluation procedures adopted in this study include the use of the measurement 

concepts of scientific reliability and validity. The critique of sites, outlined above, 

prompts a closer look at the concepts used to explain archaeological variation which 

are imposed on the database as units of observation. Similar principles are applied in 

this study in the selection and definition of site types, sizes, sampling units and 

classificatory schemes. 

In the study of archaeological landscapes, emphasis is given to '... ongoing 

reevaluation and innovation of concepts, methods and theory' (Rossignol 1992:4). 

The epistemology of recent approaches to archaeological landscapes is explicitly 

scientific, based on rigorous assessment of observational and analytical methods. A 

similar argument has been made by Gallant (1986:417), who states that 'Every 

survey should be seen as a means of testing and refining survey methodology as well 

as a data collection exercise'. 

In this sense, the development of a regional framework is both an end and a means to 

an end. It aims to provide new data relevant to the interpretation of arid zone 

prehistory as well as a basis for assessing the quality of that data and the refinement 

of regional survey and excavation methodology. 

Although this study draws on the principles of landscape theory, it does not intend to 

apply the theory in the manner of hypothesis testing suggested by Popper (1959). A 

landscape approach provides a general orientation to the study of landscape processes 

which potentially account for the archaeological record rather than a general or 

substantive theory of human adaptation. While an understanding of expected 

variation in arid zone settlement patterns is used in this research to select potentially 

relevant variables and scales of observation, a landscape approach enables the 
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investigation of a wide range of factors which potentially account for variation in the 

archaeological record at regional scale. 

This approach is consistent with current moves in the social sciences toward the 

development of 'grounded theory' (Strauss and Corbin 1996). Deductive approaches 

tend to produce conclusions that are closely tied to the theory which generated them, 

and may obstruct ' ... the finding and reporting of exceptions' (Hersen and Barlow 

1976:354). 

In this study, the systematic evaluation of theory was not carried out to the exclusion 

of more exploratory forms of data analysis or vice versa. As argued in Chapter 2, the 

theory of regional settlement and formation processes in central Australia remains 

underdeveloped. It was also argued that without refinements in method to improve 

empirical generalisations, theories accounting for variation in settlement cannot be 

effectively tested. A landscape perspective provides a comprehensive framework for 

dealing with both kinds of problems, while stressing the fundamental link between 

evaluation of theory and method in regional investigation. 

3.4 Sampling strategy 

In view of the epistemological basis of this study, the remainder of this chapter and 

the following chapter outline in some detail the general methods and techniques used 

in carrying out the research and the definition of units of observation and analysis. In 

this chapter, the focus is on the selection of sampling units and how they are defined 

in spatial and environmental terms. The following chapter defines the dependent 

archaeological variables ('units of discovery' in Wandsnider and Camilli's 1992:173 

terms). 

A major aim of this research is the application of landscape sampling at regional 

scale. Because of its suitability for this purpose, the Palmer River catchment was 

selected as the regional sampling domain. The landscape of the Palmer River 

catchment is diverse yet also sufficiently repetitive to enable meaningful comparison 

between parts. Consistencies and variations in geology, hydrology and vegetation 

allow key variables to be examined while others are held constant. The key variables 

and their relationships are shown in Figure 3.1 and outlined as follows. 
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CLIMATE WATER 
AVAILABILllY 

EOLOGICAl----+------1 LANDFORM VEGETATION 
STRUCTURE & SLOPE t----~-----1 COVER 

LITHOLOGY 1-----r---~ SOIL 

Figure 3.1 
Component relationships defining environmental conditions within a typical catchment. 

Modified from Laut eta/. (1980:6, Figure 4). 
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3.5 Relevant environmental variables 

Climate 

In arid environments, water availability is a critical limiting factor in ecological 

systems, although predictability of climate may be equally important (Griffin and 

Friedel 1985, Stafford Smith and Morton 1990:255). The Palmer River catchment is 

typical of arid regions in having a low and relatively unpredictable rainfall pattern. 

The long-term and seasonal distribution of rainfall in the Palmer River catchment are 

shown in Figure 3.2. The data in Figure 3.2 were recorded at Tempe Downs 

homestead which lies near the centre of the catchment. The average yearly total at 

Tempe Downs, taken over a century of recordings, is 249mm. The high variability of 

the rainfall distribution year to year is indicated by the standard deviation of 144mm 

and the shape of the curve shown in Figure 3.2(a). As Figure 3.2(a) illustrates, there 

are not only successive years with below average rainfall but also periods of 

exceptionally high rainfall relative to the long-term average. 

The monthly distribution of rainfall shows the combined influence of seasonal 

rainfall systems affecting northern and southern Australia (Figure 3.2b). Summer 

averages are higher reflecting the stronger influence of tropical low pressure systems 

from the north. The tropical lows tend to produce the heaviest falls and have been 

associated with the largest flood events witnessed in central Australia in historical 

times. At the height of the 1967 floods in central Australia, rainfall at Tempe Downs 

peaked at 1 08mm in 24 hours (Williams 1970: 189). Winter rains are generally much 

lighter, resulting from the southern westerlies which move north in the cooler 

months. Although the frequency of winter rainfall events may be similar, they 

contribute less overall to the yearly total than summer falls. 

As might be expected, the relative contribution of summer rainfall decreases from 

north to south across central Australia. There is an increase in overall variability 

associated with this shift, so that the Palmer River catchment exhibits less seasonality 

than the upper catchments of the Finke and Hugh Rivers (Griffin and Friedel 

1996:272). The total rainfall also varies slightly between the ranges of the 

MacDonnell Range bioregion and the lowlands to the south as a result of a 
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Figure 3.2 
Climatic summaries for the Palmer River catchment using available data (1886-1998) 

supplied by the Bureau of Meteorology; a) annual rainfall totals, b) monthly average rainfall 
and c) monthly average temperature maxima and minima. 
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rainshadow which cuts across the middle to lower catchment of the Palmer River 

(Mabbutt 1983: 15). Comparison of mean rainfall at Tempe Downs and Henbury near 

the junction of the Palmer and the Finke, reflects the slightly higher rainfall in the 

uplands ofthe middle to upper catchment (Slayter 1962:114). 

Temperature, humidity and wind are more predictable elements of the regional 

climate. Temperature data are unavailable for Tempe Downs, and are thus interpreted 

from the data for Alice Springs, shown in Figure 3.2(c). Daily maximums range from 

hot to very hot in summer and warm to cool in winter. Humidity approximates the 

inverse of temperature (Griffm 1984:8). Alice Springs experiences a 102 day frost 

season (Mabbutt 1983: 15) becoming pronounced in June and July when the diurnal 

range may reach as high as 30°C. 

In summary, the climate of the Palmer River catchment is characterised by an 

unpredictable although slightly seasonal rainfall pattern and a relatively seasonal 

temperature regime. Rainfall increases with temperature, . which reduces the 

effectiveness of summer rains for plant regeneration. Extreme precipitation events 

counteract this trend. Summer rains provide the heaviest and as a result the most 

effective falls for plant growth and rejuvenation of ephemeral rockholes and streams. 

However, these events are unpredictable on a year to year basis. Drought-resistant 

species, which do not depend on rainfall, will be less susceptible to these 

fluctuations, while ectothennic species are more likely to be active and hence more 

abundant during summer months (Stafford Smith and Morton 1990:272). 

As a result of its widely fluctuating and often unpredictable conditions, the climate of 

the Palmer River catchment is characterised by its extremes as much as its overall 

aridity. The climate regularly fluctuates between extremes of drought, flooding, heat 

and cold, often within a relatively short period of time. This aspect of the climate has 

been considered by arid ecologists Griffin and Friedel (1985) and Stafford Smith and 

Morton (1990) to have played a significant role in shaping the ecology and landscape 

of central Australia. 

Geolo~ 

The Palmer River catchment lies toward the centre of the Amadeus Basin and its 
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geology is the result of deposition and later folding and erosion of sedimentary rocks. 

In the Amadeus Basin, occurrences of igneous rocks are limited to areas near its 

boundary with the Musgrave and Arunta Blocks (Frakes and Vickers-Rich 1991:114, 

Jacobson 1996:250). The Palmer is the only river in central Australia which does not 

have its headwaters within these basement rocks. This helps to simplify the sourcing 

of stone artefacts and avoids the problem of identifying quartz artefacts in areas with 

abundant naturally fractured quartz. 

The Palmer River drains a series of sandstone ranges, including the James, Levi and 

KrichauffRanges, and several smaller unnamed ranges of varying lithology. The four 

main sedimentary units exposed within the catchment of the Palmer River are (in 

order from oldest to youngest); Upper Proterozoic (.eu), Lower Palaeozoic (Pzl), 

Middle Palaeozoic (Pzm), and Cainazoic (Cz). The highest ranges are comprised of 

the Pzm sandstone units (Mereenie and Hennannsburg Sandstones) while the fu, Pzl 

and Cz units generally outcrop either as low ranges or foothills along the flank of a 

Pzm range. The Mereenie and Hermannsburg Sandstones form bold east-west 

trending ranges and plateau. As well as their prominence in the landscape, both are 

permeable and hold considerable quantities of water (Jacobson 1996, Thompson 

1991). Thompson (1991:107) goes as far as to describe the Mereenie Sandstone as 

'full of water'. 

This characteristic of the Pzm sandstones has implications not only for the formation 

of springs but also for cavernous weathering and the resultant distribution of caves 

and overhangs. Most previously excavated rockshelters and caves in central Australia 

occur within Mereenie Sandstone. The porosity of the Mereenie Sandstone may also 

be a factor in the formation of silcrete, a major source material for stone artefact 

manufacture, although this process is not well documented. Silcretes occur in 

association with both the Mereenie sandstone and Cz sediments. During the Tertiary 

the whole landscape was planated by erosion and re-depositing of sediments as 

valley fill. In subsequent times, downcutting through the Tertiary 'deep weathering 

profile' has widely exposed Tertiary sediments as remnants on valley floors and 

slopes. In the Palmer River catchment, these have not been mapped in sufficient 

detail to enable identification of silcrete sources. Furthermore, not all exposed 

Tertiary sediments have silcrete within them. 
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The distribution of rock types within the catchment follows a regular pattern 

produced by tectonic forces (Figure 3.3). During periods of tectonic instability 

(between 1800 rna and 400-300 rna years ago) the ranges were shifted south, 

compressing and folding the sediments along an east-west axis (Cook 1968). A 

similar pattern is evident across the northern half of the Amadeus Basin where the 

strike of the ranges follows the axis of faulting, producing the characteristic pattern 

in central Australia of east-west trending ranges (Thompson 1991:16-20, Jacobson 

1996:250). 

Faulting within the Palmer River catchment has also resulted in a repetitive pattern of 

geological units across the landscape. Figure 3.3 shows the major synclines 

(downfolds) and anticlines (upfolds) in the Palmer River catchment. The pattern of 

folding has produced a succession of alternating £u, Pzl and Pzm units from north to 

south. This succession, together with the east-west trend of the ranges, enable a 

degree of control over geological variability in sampling procedures, as will be 

outlined below. 

Hydrolo~ 

Given the importance of water permanency as a limiting factor in arid zone 

settlement models, variation in water permanency was one of the major criteria in the 

selection of study areas for this research. For this reason, the nature and distribution 

of water sources are examined in some detail to provide a foundation for the 

sampling strategy and inferences drawn on the basis of water permanency in this 

thesis. 

Observations in the Palmer River catchment spanning more than a century reveal 

contrasts in perceptions of the importance of water sources and their permanency. 

Differences between observations at different times suggest that what might be 

considered permanent will vary depending on the period in which judgments are 

made. Over the longer term, the effects of changing climatic conditions on water 

availability must be inferred from historic observations and the relationship between 

hydrogeology and landforms. 

For most of its length, the Palmer River is a dry stream bed and relies on irregular 
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rainfall events to recharge local catchments. Following rain, water is absorbed 

quickly into the bed of the river and substantial rains are required to generate flows. 

As Chewings (1886: 1 049) noted 'One might as well pour water into a sieve 300 to 

400 yards wide'. The most reliable water sources in the Palmer River catchment are 

found in gaps and gorges where the River and its major tributaries have breached the· 

middle Palaeozoic (Pzm) sandstones. Jacobson (Jacobson 1996:257, Jacobson et al. 

1989) estimates slow yet continuous flow through Pzm sandstones over periods of 

several hundred thousand years which suggests that the deepest gorges in the Palmer 

River catchment are likely to have held water throughout the period of human 

occupation. 

The two major tributaries which form the upper catchment, Illara and Walker Creeks, 

contain several waterholes which Chewings (1886) described as permanent (Figure 

1.2). These interpretations are reinforced by the fact that the main gorges along these 

tributaries intersect the Pzm sandstone and contain reeds and other spring-related 

vegetation. Along a section of Illara Creek between Conways Hole and the Palmer 

Crossing (3km south of Illara Gorge) is a long series of permanent spring-fed 

waterholes, the deepest of which is located in Illara Gorge (Ilarari). Chewings 

observed that of these pools: 

The last and best is Illara waterhole formed by the rush of water 
around a comer as sharp as one's elbow [see Figure 6.2, this 
thesis]. The depth of the waterhole I could not find out, the 
width about 50 to 70 yards and the length 300 yards. Not only is 
it a splendid hole, but a permanent stream runs through it that is 
second to none in volume, save Dalhousie Springs, in all the 
North-West. 

The deepest waterhole at Ilarari was observed at intervals over an extended dry 

period between January 1995 and December 1996 during which there was no 

fluctuation in the high water level. For several kilometres north and south of this pool 

the bed of the Illara Creek is densely covered in reeds. The smaller pools at Conways 

Hole and the Palmer Crossing also appear to be permanent, although unlike Ilarari 

both contracted in size during the drier conditions. 

Ten kilometres west of Ilarari, Walker Creek contains a similar series of permanent 

waterholes where the creek flows north for several kilometres and intersects a high 
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ridge of Mereenie Sandstone. The waterholes are smaller and apparently shallower 

than Ilarari, but according to Chewings (1886) are permanent. Walker Plain 

immediately south of the gorge was the site of the first homestead on Tempe Downs 

Station. This was visited in August 1996 toward the end of the dry period. Water was 

still observed at this time flowing over a section of the gorge from a series of small 

pools with spring-related vegetation. 

Chewings (1886:1097), who was the first pastoralist at Tempe Downs, also noted the 

potential for subsurface water along Walker Creek: 

There is also a good well of water out of the bed of the creek; 
the water rises within 4 feet of the surface. I was led to believe 
an undercurrent is always flowing through the sand at this place 
and for a good many miles further up the creek. 

Several other water sources near the headwaters of the Palmer River were named by 

Chewings along the upper catchments of the Walker and Nineteen Mile Creeks. The 

largest of these, Granthams Waterhole, is 30km west of Walker Gorge. Chewings 

(1886: 1 097) describes the waterhole as permanent provided that 'a large number of 

stock were [not] put on and drank it dry'. This suggests that it may not be truly a 

permanent source. 

On the eastern side of the Palmer River, midway between the Palmer and the Finke 

Rivers, lies Illamurta Spring which supported a small police outpost before the turn 

of the century. Unlike the larger gorges on Illara and Walker Creeks, water from 

Illamurta is confined mostly to an underground reservoir. This site was visited in 

October 1994, at which time the location of the spring was only visible at the surface 

from a dense thicket of vegetation in a small creek. 

The middle Palmer drainage has two major tributaries - Petermann Creek and Storm 

Creek. Both form wide floodout plains before reaching the main channel of the 

Palmer. Relatively long-lasting ephemeral waterholes are found on the upper 

tributaries of Petermann Creek and the plateau of the Levi Range, drained by both 

Petermann and Storm Creeks. A series of rockholes fed by run-off along the rim of 

Levi Range - Kulpi Mara and lrtikiri on the southern escarpment and Antaya (Undia) 

on the more gentle northern slopes - are among the major water sources in this part of 
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the catchment. 

The rockholes at Kulpi Mara and lrtikiri were observed on a number of occasions 

between November 1994 and August 1996. Of the three largest rockholes at lrtikiri, 

two were dry in December 1994 yet water was seen at the most shady of these three 

rockholes and at the largest source at Kulpi Mara, which is also well shaded. 

Following relatively heavy summer rains in 1995, all of the large rockholes at lrtikiri 

were full. By August 1995, the shadiest rockholes at lrtikiri and Kulpi Mara were 

half full and the remaining smaller and less shaded rockholes at both localities were 

dry. Between August 1995 and July 1996, very little rain fell apart from brief 

showers in November 1995 and fairly constant light drizzle in June 1996, which left 

some water in small rockholes in the Levi Range and in claypans along the Palmer 

flats. The larger rockhole at Kulpi Mara was dry in June despite these light rains. In 

addition, all three rockholes at lrtikiri were completely dry in July and would have 

remained so until the drought-breaking rains of January 1997. While these 

observations serve to illustrate the importance of big rains to rejuvenate large shaded 

rockholes, they also highlight the importance of smaller rains to recharge small 

surface supplies. It is possible that Antaya (Undia), on the north side of the range, 

held water throughout this dry spell, although this was not able to be confirmed. In 

F ebrurary 1992, the waterhole was almost 50m long but was lacking in the spring

related vegetation typical of permanent sources along Illara and Walker Creeks. This 

suggests that Antaya is unlikely to be permanent. 

In the middle to lower catchment, the river widens and braids where it exits the 

ranges and forms extensive floodplains. This section of the catchment contains a 

waterhole located by Giles (1875:66) in November 1872, which he referred to as 

'Middleton Fish Ponds'. Giles (1889:65) described this waterhole, apparently the 

best he had encountered along this section of the Palmer River as: 

... two fine large ponds under a hill which ended abruptly over 
them. On our side a few low ridges ran to meet it, thus forming 
a kind of pass. Here we outspanned; it was a splendid place. 
Charmicheal and Robinson caught a great quantity of fish with 
hook and line. 

When observed during May 1996, this section of the Palmer River was a dry sandy 
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bed. Some water may have been contained in a shallow aquifer above an 

impermeable layer beneath the surface. Chewings (1886: 1 049) visited Middleton 

Ponds in 1885 and his description shows that he, too, had expected better from Giles' 

account: 

... passing by Middleton's Ponds [I] regretted fmding one hole 
quite dry, and the other with only a week or ten days water in it, 
and that so thick with fish it was almost unfit for stock to drink. 
I will say this for Middleton Ponds that there is water upon the 
surface for six months after a flood, and an unlimited supply to 
be had in the sand at any time. 

Chewings faith in the permanency of Middleton Ponds appears to be founded mainly 

on his view that: 

The James Ranges, north of the Illarra, appear to form a large 
underground reservoir of very many miles in extent, and the 
Illarra Gorge is the outlet (1886:1049). 

If Chewings (1886) is correct in inferring that this underground reservoir is the 

source of subsurface or near-surface aquifers in the dry bed of the Palmer River, 

Middleton Ponds may constitute a permanent water with potential to withstand major 

climatic fluctuations. On the other hand, if the supply of water beneath the surface is 

derived primarily from intermittent flows in the river itself, the availability of 

subsurface water at sources like Middleton Ponds throughout the period of human 

occupation remains doubtful. Either way, the main channel of the Palmer is likely to 

have provided more long-lasting subsurface waters than waterholes on higher order 

streams (such as Antaya) and rockholes at lrtikiri and Kulpi Mara. 

ve~etation 

Vegetation patterns, although fluctuating with long and short-term variations in 

climate • tend to follow geology, slope and drainage. The vegetation of the Palmer 

catchment has not been mapped in relation to landforms in any detail. The current 

distribution of vegetation communities is also partly a product of grazing and the 

introduction of feral animals over the past century. It is therefore difficult to predict 

the distribution of vegetation in the long term with any certainty. 
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While_ it is difficult to predict prehistoric conditions on the basis of modem 

vegetation, some areas are likely to have been affected more by pastoralism than 

others. It is assumed that most of the high ranges and plateau have not been greatly 

impacted due to lack of access. On the other hand, grazing pressure around major 

waterholes such as Ilarari, and more recently established bores, has been 

considerable. At the time of the current research, the pressure on vegetation from 

cattle had eased to some degree as a result of its return to Aboriginal owners, who 

run a reduced herd, though feral horses and camels remain in some parts of the 

catchment, possibly in increased numbers. 

Eight vegetation units have been mapped at 1:1 million scale in the Palmer 

catchment by Wilson et al. (1990). The four most widespread communities, with 

habitat descriptions, are as follows. 

1) E. Microtheca (Coolibah) low open-woodland with open-grassland understory. On 

clay/silt soils on the floodplains and floodouts of the middle to lower catchment. 

2) Triodia spp. open-hummock grassland with Acacia aneura (Mulga) tall sparse

shrubland overstorey. Rugged sandstone hills and shallow stony soils. 

3) Triodia clelandii (Weeping Spinifex) hummock grassland with species mixed low

open woodland overstory. Rocky hills and ranges, shallow stony soils. 

4) Triodia basedowii (Hard Spinifex) hummock grassland with Allocasuarina 

decaisneana (Desert Oak) open-woodland between dunes. Dunefields on the 

southern flank of ranges, red sands and earthy sands. 

Impact of ~n~ and anthropo~enic chan~e 

Grazing of cattle has been the major form of land use in central Australia in 

European times. Pastoralism came relatively early to Palmer River catchment. Areas 

which held permanent surface water without bores and windmills were favoured by 

early pastoralists. Henbury (established 1877) and Tempe Downs (established 1881), 

which cover most of the Palmer catchment, were among the first (Carment 1991:33, 

Mulvaney 1989: 126). 
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The impact of pastoralism on arid environments has been intensively studied within 

the past few decades (see Griffm and Friedel 1996:273-274 for a review). 

Furthermore, land survey research carried out in the 1950s was oriented toward 

pastoral uses (Perry 1962). Consequently, there is a large body of information which 

deals with pastoral impacts on the landscape. 

The nwnbers of cattle in central Australia appear to have been relatively low until the 

1950s, and impact was largely restricted to areas near natural waters (Griffin and 

Friedel 1996:271, Kimber 1996:98). Nwnbers have increased during the second half 

of this century, with wider provision of bores, pumps and windmills (Newsome et al. 

1996:297). The increase in artificial watering points also extended the impact of 

grazing across the landscape. 

Recent studies have focussed attention on short and medium-term effects of climate 

on range condition and pastoral sustainability (Friedel et a/. 1990, Newsome et a/. 

1996, Stafford Smith and Pickup 1990). Much of Australia's grazed pasture lies in 

arid or semi arid lands, which are highly susceptible to climate variability. 

Overstocking during drought conditions, once a feature of grazing practices, results 

in widespread areas of bare ground, which are susceptible to erosion (Pickup 

1985:1_19). 

Other studies have noted the impact of grazing on the rise in other native and 

introduced species, particularly kangaroos, horses and rabbits (Morton 1990:57, 

Newsome et al. 1996). Feral animals have increased in nwnber though greater 

artificial water availability and creation of fresh growth from perennial grasses or 

'marsupial lawns' (Newsome et al. 1996:297). The effects of increased numbers of 

feral species are likely to have been less widespread than cattle. Rabbit populations 

are concentrated in floodplains and floodouts with rich plant growth and deep sandy 

soils for burrowing. During this study, wild horses were often seen around the 

permanent waters and are potentially destructive over a larger area because of their 

range size (ie within 20km of a water source). However, their nwnbers have been 

relatively low compared with cattle. 

Through the introduction of grazing and feral species, the impacts of a century of 

57 



European settlement on the Australian landscape are unequivocal. The impacts of 

prehistoric humans, over a much longer period of time, are more contentious 

(Flannery 1990, Horton 1990). Nonetheless, results of studies by Hughes and 

Sullivan (1981, 1986) suggest humans had a direct influence on the landscape by 

burning, which resulted in reduced vegetation cover and accelerated hill-slope 

erosion. Similar theories have been advanced in central Australia to explain 

vegetation change and increased deposition of sand in dune environments (Latz 

1995:37,42 and pers. comm. 1997). Latz and Griffin (1978:81) compared habitats in 

central Australia in terms of number of native food plants. Spinifex sandplains were 

the habitats with the largest variety of food sources, many of which were said to 

increase in abundance after fire. 

Although European introduced land use practices were clearly not the first to impact 

on the landscape, in comparison with Aboriginal land use, these processes have been 

well documented during historic times. Consequently, the relationship between 

different landscape components is comparatively well understood. Further, these 

factors have clearly influenced the recent formation of landforms within the Palmer 

River catchment immediately prior to this research, and hence must be considered as 

factors contributing to the formation of the contemporary archaeological landscape 

documented at the time of this study. 

Relationship between environmental variables 

In desert river systems with integrated stream channel pattern, drainage provides the 

key link between landscape variables (Figure 3.1). Drainage conditions direct the 

flow of water across the landscape, and control, to a considerable degree, the 

geomorphic processes of sediment transport, erosion and deposition. 

Rainfall produced by heavy thunderstorms initiates flow across the surface of a 

catchment and stimulates plant growth through infiltration (Friedel et al. 1990). 

Biological productivity is highest in areas which receive the greatest proportion of 

run-off (Stafford Smith and Morton 1990:263). In desert uplands these areas are 

concentrated around the foot of ranges as alluvial fans and on floodplains and 

floodouts (Perry 1978:73). Run-on areas also receive finer-grained suspended load 

sediments - silts and clays - deposited at low gradients. 
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At higher slope angles, gully systems are formed at the drainage headwaters. These 

form the source zones in a sequence of sediment production, transport and fill, 

referred to by Pickup (1985:115) as an 'erosion cell'. The areas of alternating scour 

and fill where sediments are intermittently in transit - found on gentler slopes and 

proximal fans - are 'transfer zones'. The 'sink zones' are those parts of the landscape 

- floodplains and floodouts - where most of the sediments within the cell are 

deposited. The accumulation of sediment in this way affects the spatial distribution 

of biotic resources. Described by Pickup (1985:118), sinks are: 

... frequently sandy and uncompacted giving them a high 
capacity for infiltration and the ability to store a large volume of 
plant available water. The nutrient and seed supply of sinks is 
good because material is supplied from other areas as well as 
generated locally. 

The spatial extent of Pickup's erosion cells are not fixed over time but vary in 

relation to climate and human impacts (Stafford Smith and Pickup 1990). Climate 

influences the operation of these processes at a range of temporal scales (Stafford 

Smith and Pickup 1990:195-96, Newsome et a/. 1996:287). The impacts of 

pastoralism have been measured at short and medium-term temporal scales during 

the last century. Although these impacts are limited to the last century, a prehistoric 

analogue for human environmental impact exists in the form of firing of the 

landscape by hunter-gatherers. 

Initiation of erosion by either pastoralism or burning, increases deposition in areas 

which trap sediment, and results in greater variability in transfer zones (Pickup 

1985: 119). In general, redistribution rates for transported sediment are increased by 

erosion. Major stream channels are effective agents for the transportation of sediment 

from the local production zones (eroded areas). In cases of severe erosion, a large 

proportion of sediment ends up in the river bed, where it may be transported well 

beyond the local production zone. 

These processes are reflected in changes in the landscape of the Palmer River 

catchment over the last century, where a combination of drought and overgrazing 

have resulted in redistribution of large volumes of sediment. The impacts of 

increased sediment discharge in the catchment can be observed in the location of 
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historic European settlements at Tempe Downs and Middelton Ponds. Old Tempe 

Downs (pre. 1930) was north of its current location, near the junction of Walker and 

Illara Creeks, and has now been almost completely removed by flooding. The 

Middleton Ponds homestead (ca 1930) was positioned on the banks of the Palmer 

River: its ruins now stand barely a metre above the level of the current sand bed of 

the river. 

As Pickup (1991:471) has noted, the environment can be slow to recover from 

combined effects of drought and vegetation clearance, particularly in areas of limited 

sediment supply. Removal of vegetation and erosion of the top layer of sediment 

limits the capacity for regeneration. Without vegetation to trap sediment, areas with 

slow rates of deposition may remain as exposed devegetated features of the landscape 

(scalds) for prolonged periods. 

3.6 Sampling procedures 

The sampling procedures were designed to meet the aims of this research in adopting 

and refining a regional landscape approach. The features of this approach and their 

application in this research were outlined in Table 3.1. More specifically, the 

sampling aims to: 

1) Obtain a representative sample of archaeological materials from a range of 

environmental settings within the Palmer River catchment, 

2) Generate a sample of surface and subsurface materials from the same landscapes, 

3) Assess the role of formation processes on patterning of the archaeological record 

at regional scale, and 

4) Evaluate previous interpretations which have been proposed to account for the 

patterning of archaeological material in central Australia and other arid 

landscapes. 

The multiple aims are incorporated in the selection of sampling units and survey 

procedures. 
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Reconnaissance suzyey 

An initial reconnaissance of the Palmer River catchment was undertaken prior to 

finalising the sampling strategy. Potential study· areas for fieldwork were visited in 

the middle to upper catchment and information was gathered on accessibility, water 

availability, impact of cattle and major surface and stratified sites (Figure 1.2). 

The reconnaissance suzyey was limited in its initial stages to the section of the 

catchment between Roger's Pass and Ilarari, including Storm and Petermann Creeks. 

Impressions were that archaeological densities in this part of the catchment were 

high, and that the area contained sufficient stratified sites to provide a chronological 

framework. It was felt too, that this area would provide examples of landscapes 

typical of the upper, middle and lower catchments. A decision was made to focus on 

this area with the possibility of extending the area of investigation further within 

catchment at a later stage. 

Further reconnaissance was carried over the next two years while the research was in 

progress. This included a vehicle traverse between Ilarari (lllara Gorge) and 

Areyonga (via Bowson waterhole ), and from the Palmer River west to Walker Gorge. 

Although sites were recorded in these areas, the impression gained was that they 

were of a generally lower archaeological prospectivity. 

Selection of study areas 

Following the regional reconnaissance, three study areas were selected, each 

comprised of a square quadrat, 1 Okm on each side. 

The rationale for the selection of study areas was basically twofold. Firstly, the three 

study areas were selected to provide a varied sample of drainage and topographic 

conditions within the Palmer River catchment. While it is not anticipated that the 

three study areas would reflect the full range of prehistoric land use within the 

Palmer catchment it was expected that they would reflect different patterns, primarily 

as a fwiction of differences in topography and drainage. Secondly, given the role of 

water permanency in interpretations of settlement patterns in the arid zone, the 

placement of study areas was determined by the nature of drainage and hence water 
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availability. 

The three study areas and their catchment conditions can be summarised as follows: 

• Study Area 1 (Storm Creek) represents an ephemeral creek that holds water for 

short periods after rain and for longer periods (up to six months after rain) in 

shaded rockholes along the Levi Range escarpment. 

• Study Area 2 (Illara Creek) represents a spring fed section of the catchment that 

holds permanent surface water in deep pools with good flows downstream for 

several kilometres. 

• Study Area 3 (Middleton Ponds) represents the middle/lower reaches of the 

Palmer River, characterised by a wide braided channel and broad floodplain. This 

section of the River holds water for up to six months after heavy rain and for 

longer periods from shallow alluvial aquifers in the sands of the river bed. 

To enable more valid comparisons of stone artefact assemblages from the three study 

areas, locations were selected to minimise geological variability. Study Areas 1 

(Storm Creek) and 2 (Illara Creek), have similar geological regimes dominated by 

Pzm rocks. The assumption of relative conformity of raw material availability 

between Study Areas 1 and 2 is discussed further in Chapter 6, in relation to the 

distribution of stone sources which served as quarries for stone artefact manufacture. 

Because of the wide distribution of Pzm units in both areas, the process of cavernous 

weathering, and hence the distribution of rockshelters, is also relatively similar in 

Study Areas 1 and 2. 

Study Area 3 (Middleton Ponds) contains a different suite of geological units to 

Study Areas 1 and 2. There is no Pzm outcrop in this part of the catchment and thus 

fewer rockshelters and raw material sources. The more subdued landscape and broad 

floodplains formed on this geology also contrasts the other two study areas and are 

more typical of the lower section of the Palmer River catchment. Because of the 

difficulties controlling for the effects of raw material availability, the selection of a 
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third study area was more exploratory rather than directed specifically toward the 

analysis of water permanency. 

Study area size and shape 

The size and shape of the three study areas was determined and constrained by 

several factors. The use of standardised units and sampling procedures was required 

for comparability. The scale of the study areas was also influenced by the expected 

distance hunter-gatherers would normally travel to obtain resources without 

repositioning their campsites. From a wide-ranging review, Hayden (1981:379) 

suggests 5-1 Okm as a general limit on foraging range. Each 10 x 1 Okm study area 

thus represented an approximation of the scale generally required for foraging and 

resource procurement around a single encampment. 

A further consideration in designing study areas was convenience. Much of the upper 

to middle catchment was mountainous and difficult to access by vehicle. The size of 

the sample units meant that any point within the study area could be reached within a 

days walk of a convenient base camp or vehicle access point. This proved to be 

critical, as most of the surface survey and reconnaissance was carried out in hot 

summer months when the need to carry large amounts of water placed limits on 

movement about the landscape. 

The size of the study areas also provided a convenient scale for mapping onto 

1 :50,000 aerial photographs, which were important in this study because of the lack 

of fine-scale topographic maps covering the Palmer River catchment area. By 

matching features on the air photographs with 1 :250,000 topographic maps, co

ordinates could be fitted to air photographs to provide 1 :50,000 base maps for each of 

the three study areas. As well as providing an appropriate mapping scale, areal 

photographs were used to produce an overlay of survey, environmental and 

archaeological data (see Figures 6.1 to 6.3 in Chapter 6). 

Sarnplini within study areas 

The three study areas were selected to provided a frame for further sampling, both 

random and judgemental. 
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One of the major aims of selecting study areas in different parts of the catchment was 

to enable the application of random (probability) sampling to three distinctive 

environments. The random sample took the fonn of a non-site survey of systematic 

unaligned transects, the procedure for which is outlined below as the transect survey. 
The use of the study areas in this way represents a form of strata in a stratified 

random sample (Judge et al. 1979). 

A second and related aim was to provide a judgmental sample of sites outside the 

probability sample. Specific environmental features were targeted where it seemed 

likely that archaeological sites would be found. This form of sampling was used to 

provide a basic record of the contents of sites and their locations as well as to locate 

potential sites for excavation within the three study areas. 

This manner of survey is referred to throughout this thesis as the site survey. The 

types of environmental features targeted in this manner were outcrops of rock likely 

to be exploited for artefact manufacture, escarpments with potential for caves or 

overhangs, and large waterholes such as Ilarari, Conway's Hole and Middleton 

Ponds, which seemed likely to have been a focus for prehistoric settlement. The 

definition of sites and recording procedures applied during the site survey are 

described fully in Chapter 4. 

3. 7 Transect survey 

The sampling procedures for the transect survey were designed to provide a relatively 

unbiased sample of the types of archaeological material within each study area 

(strata). These procedures were aimed at recording archaeological materials at the 

artefact level, and are sometimes referred to as 'non-site' survey techniques. 

The data obtained in this way are distinguished throughout this thesis from the 

methods employed to identify dense or unusual archaeological materials ('sites'). 

The techniques for identifying and recording 'sites' were judgemental and 

opportunistic. As a result the two sets of data are used differently and are described 

separately throughout this thesis, although at various points the two sets of data are 

brought together to provide a means of assessing the different methods and 

techniques by which they were obtained. 

64 



Desi~B of units 

In this, as in other surveys, the design of the sample units represents a compromise 

between the aims of the survey and the limits on available time and personnel 

(Gallant 1986:405). Given the size of the study areas, and the personnel available 

(only one person throughout most of the survey component of the research), only a 

small sampling fraction could be realistically achieved in this research. Asche 

(1979: 178) has noted that while regional surveys do not necessarily require a large 

sample fraction, the number of sampling units should be maximised to reduce bias. 

An increase in the number of sampling units will generally require a reduction in the 

size of units. Transects (long narrow sampling units) provide a means of addressing 

this problem. Although transects have limitations, in this survey the use of long 

narrow units provided a means of achieving the aims of the ·survey within the 

available time and resources. 

A total of 60 transects were surveyed, each 1km in length (20 in each study area). 

Sample units were designed to be of sufficient length to provide an estimate of the 

distribution of artefacts within each sampling unit. The collection of data at a nwnber 

of levels - artefact, transect and study area - was intended to provide a range of data 

on the surface patterning of artefacts at different spatial scales. Techniques which 

retain information on artefact distributions are referred to by W andsnider and Camilli 

(1992:173) as 'distributional' techniques, to distinguish them from other types of 

non-site techniques (e.g. Robins 1993). 

The collection of distributional (point-provenanced) data was critical to two key 

issues in this thesis. First, the spatial patterning of artefacts at different scales 

provides information on the processes (both hwnan and non-hwnan) which cluster 

and disperse artefacts on the contemporary land surface. Second, the use of 

distributional techniques provides data on the degree of clustering in artefacts scatters 

and the criteria used to identify relatively dense concentrations of artefacts which 

become defined and analysed as 'sites'. 

The length, size and nwnber of sample units provided a spatially dispersed sample 

from a diverse range of environments within the catchment. In addition to enabling 

the systematic comparison of study areas to assess the role of water permanency, the 
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length_ of transects enabled the data to be manipulated to provide information on 

smaller scale units. The data from the recording of land systems and land units 

(defined in this chapter below) along transects provided a basis for the comparison of 

artefacts densities across different scales and environmental settings. These data, 

though not derived from stratified sampling, were able to be assessed in terms of 

their contribution to an understanding of the archaeological record of the Palmer 

River catchment. 

Selection procedures 

The sampling units for the transect survey were selected using a technique known as 

systematic unaligned sampling. It is widely held that systematic unaligned sampling 

combines the advantages of both random and systematic techniques (Ammerman 

1982:124-125, Goldsmith et al. 1986, Howell 1993:476, Judge et al. 1979:87, Plog 

1976:140, Shennan 1990:326). It should be pointed out, however, that these 

techniques are not strictly appropriate for the use of inferential statistics (which 

require simple random sampling). However, as Asche (1979: 181) has noted, 

systematic unaligned techniques produce 'unbiased statistics and permit statements 

of reliability which usually underestimate the true level of confidence' (author's 

emphasis). 

Because in this study, the aim of the sampling strategy was not only to provide 

parameter estimates for three study areas, but also to generate spatially representative 

samples, the systematic unaligned technique was deemed appropriate. Random 

selection of sampling may produce clumping, which will result in spatially biased 

samples. These problems are particularly acute if the archaeological distribution is 

itself clustered. The systematic element of the systematic unaligned sample results in 

the dispersal of units and avoids the problems associated with clumping. The spread 

of spatial units is particularly relevant in landscape-oriented research, where the 

emphasis is on understanding factors which result in the patterning of artefacts across 

entire landscapes. 

In this study, the systematic unaligned sampling procedure was implemented in the 

following way (Figure 3.4). 
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• Each study area was initially divided into a 2km grid. The 2km grid cells were 

then sampled using x andy coordinates. The first point selected, in the bottom left 

hand comer grid cell, was made up of two randomly selected (x, y) coordinates 

(Figure 3.4a). 

• A series of points were then produced along the bottom row of grid cells each 

with the same x-coordinate. They co-ordinate of each of these points was chosen 

randomly (Figure 3.4b). The same procedure was then used to select a series of 

points along the left-hand row of grid cells (Figure 3.4c). 

• All other sample points were then selected from the previously selected points. 

The x-coordinate for each cell in the left hand row became the x-coordinate for 

the cell directly to its right and the procedure replicated for each successive row. 

Each y-coordinate in the bottom row was replicated in the cell directly above and 

through successive rows above (Figure 3.4d). 

Applied to each study area, the systematic unaligned selection technique produced a 

series of 25 co-ordinates, which became reference points for locating transects on the 

base maps prepared from the 1:50,000 air photographs. To avoid transects running 

outside the study area, the top row of 5 points was excluded (Figure 3.4e). The 

remaining 20 sample points then became the start co-ordinate for each transect. The 

same method (using different random points) was then used to select 20 transects in 

the other two study areas. 

Transect recovex:y and recordin~ methods 

The 20 transects for each study area were mapped onto the 1:50,000 scale base map, 

drawn from the air photo overlay. The orientation of each transect was fixed along a 

north-south alignment, to cut across the grain of the landscape (Judge et al. 

1979:122, Beattie and Gunn 1988:121). Although the trend of the drainage varied 

between study areas, the east-west trend of the ranges provided the most consistent 

variation from north to south. The same transect orientation was then able to be 

maintained for each study area 

A GPS was used in the field to locate the start of the transect (the most convenient 
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end fr.om which to proceed). The surveying and recording methods along each 

transect were as follows. 

1) The direction of the transect was determined by sighting a direct line at 0/360° 

with a compass from the start coordinate to a point (such as a tree or hill) in the 

distance. The transect was walked at slow speed and the bearing checked 

periodically using the compass and mapped features from areal photographs. 

2) Each transect was paced to provide a measure of distance (accurate to within 5%). 

Alternative methods such as tapes and trumeters provide a more accurate measure 

(<1% error), but are not as easily applied in rocky or irregular sloped terrain. In 

this study, where rocky terrain was common, the use of pacing proved to be the 

most efficient and accurate method of calculating transect length. 

3) Environmental variables were recorded along each transect in a log form. Any 

changes in environmental conditions were recorded to the nearest 10 metres. This 

procedure provided an environmental baseline for each transect and allowed the 

recording of absence data (ie information on areas where no artefacts were 

encountered). 

4) The area viewed along a transect (ie the width of the transect) was one metre. 

Multiplying transect length by width provides an effective survey area of 

1,000m2 for each transect, 20,000m2 for each study area (60,000m
2 

for the survey 

as a whole). To standardise each transect in order to calculate survey area and 

density, only artefacts within O.Sm of the transect centreline (ie the line of sight) 

were recorded. Where this became difficult to assess (where artefacts were near 

the limits of the viewing area or were relatively closely spaced), an extendable 

tape was used to measure the width of the transect (from a point directly between 

the surveyor's feet to O.Sm either side). 

5) Each artefact falling within a transect was recorded individually on a recording 

sheet. All artefacts were recorded in situ: no artefacts were collected. Artefact 

recording sheets describe the position of the artefact along the transect, its 

attributes and environmental characteristics. The environmental and locational 
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attribute infonnation gathered on the sheet were recorded at very fine scale, ie to 

within 1 metre. 

3.8 Selection of stratified sites 

An excavation program was undertaken to examine the artefacts and sediments from 

four rockshelter deposits and one stratified open site. The excavation procedures are 

described in detail in Chapter 8. 

During the reconnaissance and site recording, archaeological material was often 

found scattered in and around rockshelters. Many, however, contained little deposit. 

In some cases, sandy sediments had accwnulated sufficiently to provide deposits 

suitable for excavation. Because it was not possible to sample all sites with potential 

archaeological deposit, sites were selected with relatively deep deposits and some 

surface indications- stone artefacts, charcoal, bone and/or art- indicating frequent or 

intensive occupation. 

From preliminary observations, archaeological deposits could be divided into two 

broad types based on their position on the slope and the types of sediments they 

contained: 

1) Valley floor - deposit forms part of valley floor or lower slope 

2) Upper/middle slope - deposit held in place by scree slope/roof fall 

Sediments in valley floor deposits appeared to be formed primarily from alluviwn, 

while those formed on hill sides and escarpment edges above the valley floors were 

generally derived from cavernous weathering. A similar dichotomy has been 

observed in sandstone rockshelters in southeastern Australia by Hughes and Sullivan 

(1979). 

Previous research in central Australia shows a clear bias in emphasis given to the 

first type of deposit. Of almost thirty excavated sites in central Australia, all but four 

were either open sites or rockshelters on valley floors. The four exceptions were 

James Range Northwest and Kwerlpe (Gould, unpublished fieldnotes), Kuyunpa 105 

(Napton and Greathouse 1985) and Rrewurlpmurlpme kweke (Smith 1988). Of these, 
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all apart from Kuyunpa 105 were small excavations. Gould (1978) originally tested 

two upper/middle slope rockshelters, before settling on the valley floor type shelter 

James Range East for his major excavation. Similarly, Smith (1988) had dug only 

one site of this type, Rrewurlpmurlpme kweke, out of the 10 sites excavated for his 

dissertation research. 

Given the lack of interest shown in sites of the second type, in this study the 

excavation of deposits on upper/middle slopes was approached with some 

trepidation. The deposit of the first site excavated, Kulpi Mara, was held in place by 

large blocks of roof fall mantling a long scree slope. The excavation revealed around 

a metre of deposit, which from previous results in the region was expected to be 

middle to late Holocene in age. When dates of greater than 20,000 years BP were 

returned from charcoal from layer 2, it became clear that sites of this type had 

potential to contribute long sequences of archaeological material, and had perhaps 

been unduly neglected by previous researchers. 

These results stimulated new questions. Initially, the emphasis was on providing at 

least one excavated sequence in each study area to place the results of the recording 

of surface materials in a temporal framework. However, the discovery of new 

stratified sites and a reassessment of Ilarari 19 (located but not excavated by Smith 

1988) led to a shift in emphasis. The new sites (Kulpi Mara 13 and 22, Irtikiri and 

Amngu) along with Ilarari 17, previously excavated by Smith (1988), provided a 

sample of both valley floor and upper middle slope deposits. This enabled the 

depositional histories of the different geomorphic settings to be compared as well as 

providing a chronology for each of the three study areas. 

The sampling of archaeological material from subsurface deposits represents a 

particular set of problems. Identification of suitable excavation areas is often 

fortiutous, based on limited subsurface sampling or surface indications, both of 

which can be unreliable. The use of augers and probes, though widespread, provide a 

'hit and miss' approach to deposit depth and type (Brown 1979:157, Howell 

1993:481). Decisions based on surface indications are less destructive although, in 

some cases, deposits may contain no surface evidence to suggest that materials will 

be found in stratified contexts beneath the surface (e.g. Kinhill1995:22). 
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The excavations were all limited to small areas. Given constraints on time and 

resources, the aim was to locate excavation units widely in the landscape to highlight 

regional variability. The objectives in sampling a wide range of deposit types with 

small, strategically-positioned excavations were similar to those of Veth (1993:39), 

whose aim was to '... sample from varied geomorphic contexts, rather than to 

substantially increase the volume excavated from any one site'. Additionally, this 

study aimed to control geomorphic factors by selecting sites in each of the major 

depositional environments - valley floors and upper/middle slopes - from different 

parts of the catchment. 

The extent to which this was achieved can be assessed from Table 3.2. The data in 

Table 3.2 summarise the sites selected to represent study areas, the areal extent of the 

excavation (in terms of surface area) and the geomorphic/slope conditions in which 

the deposits have accumulated. In Study Area 1 (Storm Creek) and 2 (lllara Creek) 

sites were selected to highlight variation in both of the major types depositional 

environments, valley floors and upper/middle slopes. This included, in Study Area 1, 

the sampling of an open site at Kulpi Mara. In Study Area 3 (Middleton Ponds), the 

excavation was limited to the one rockshelter with potential deposit, the upper/mid 

slope site, Arnngu. 

Table 3.2: Characteristics of the sample of excavated sites in the Palmer River 
catchment 

Site Name 

Kulpi Mara 13 • 
Kulpi Mara 22 • 
lrtikiri 
Ilarari 17+ 
Ilarari 19+ 
Arnngu 

Study Area Deposit type Area excavated (m2
) 

1 upper/middle slope (R) 3 
1 valley floor (Op) 1 
1 valley floor (R) 1 
2 valley floor (R) 1.5 
2 upper/middle slope (R) 1 
3 upper/middle slope (R) 1 

R = in or directly adjacent to rockshe/ter, Op=open site 
• Numbering of sites used by Gunn (1995b). Kulpi Mara 13 refered to in this thesis 
as Kulpi Mara Rockshe/ter and Ku/pi Mara 22 as Kulpi Mara Open Site. 
+ Numbering of sites by Smith (1988). Referred to in this thesis as Rarari 17 and 
Rarari 19 Rockshelters. 

In all sites the size of excavation units was 1m2
, including Ilarari 17, excavated by 

Smith (1988), which he extended by the inclusion of a smaller unit (50 x lOOcm) to 
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provide a step. Because of its exceptional age, Kulpi Mara was subsequently 

extended to a 3 x 1m2 excavation. In addition to the materials obtained from the 

excavations, a surface sample of artefacts was collected at each locality in 25 metre 

(5m on each side) quadrats. The excavation methods are discussed more fully in 

Chapter 8. 

3.9 Environmental recording strategy 

The recovery of both depositional and settlement/subsistence data required the 

recording of a broad range of variables at a variety of scales. Table 3.3 provides a list 

of the variables recorded during the transect and site surveys. 

Land units 

Land units are the basic elements ('geomorphic entities') which make up the total 

landscape (Pickup 1985:120, Speight 1988). Following McDonald et al. (1984:9) 

land units were recorded at an observational scale of around 40m diameter. 

Land units 1 to 5 represent a sequence of topographic slope categories. The 

remaining Land Units (5-10) are subdivisions within valley floors, plains and dune 

fields. More specifically, 

• Crests (Unit 1) form lower slope areas above upper slopes (Unit 2). 

• Upper slopes (Unit 2) refer to the steeper slopes (including cliffs) which are 

either composed of bare rock or mantled with colluvium. 

• Lower slopes (Unit 3) consist of gentler footslopes and fans at the base of Unit 2. 

• Structural benches (Unit 4) are gently sloping or flat areas which form midslope. 

This occur mainly in Study Area 1, where they form a relatively continuous plain 

midway between the top of the plateau and the Storm Creek valley. 

• Plains (Unit 5) are broad sandplains and valley floors. 
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Table 3.3: Environmental variables and codes. 

Land unit 

1 crest 
2 upper slope 
3 lower slope 
4 bench 
5 plain 
6 stream terrace 
7 stream bed 
8 pediment 
9 dune 
10 swale 

Land system 

1 Krichauff (Kr) 
2 Gillen 1 (Gi-l) 
3 Gillen 2 (Gi-2) 
4 Sonder (So) 
5 Middleton 1 (Mi-l) 
6 Middleton 2 (Mi-2) 
7 Finke (Fi) 
8 Simpson (Si) 
9 Singleton (Sn) 

Erosion/disturbance 

1 sheet 
2 deflation 
3 gullying 
4 cattle 
5 track/road 

Erosion depth (in em) 

Ye~etation cover (%) 

I distance to water (in metres) 
II type of water source 

1 creek 
2 claypan 
3 rockhole 
4 perennial waterhole/spring 

III stream order 

Geolo~ 

1 Quaternary sands and alluvium (Q) 
2 Tertiary sediments (T) 
3 Middle Palaeozoic (Pzm) 
4 Lower Palaeozoic (Pzl) 
5 Upper Proterozoic (Pu) 

Soil type 

1 fine alluvial 
2 coarse alluvial 
3 aeolian sand 
4 clay 
5 shallow stony 
6 bedrock 

Soil compaction 

1 loose 
2 soft 
3 finn 
4 hard 

Slope cate~ozy 

1 0 degrees 
2 1-10 degrees 
3 10-20 degrees 
4 20+ degrees 
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• Stream terraces (Unit 6) are levees or deposits of higher elevation within I 00 

metres of a creek or drainage line (Unit 7). 

• Pediments (Unit 8) are low stony rises on valley floors and slopes. 

• Swales (Unit I 0) are broad depressions between sand dunes (Unit 9). Dunes are 

most common in areas of low relief but also occur as perched fields on the crests 

of plateau. 

Because of changes in the landscape over time, landform type does not necessarily 

reflect contemporary landscape processes. In some cases, the processes which created 

a particular landform may be relict or temporarily inactive (Pickup I985:I20). For 

this reason, land units do not necessarily reflect the most recent episodes of erosion 

and deposition which contribute to archaeological formation. In addition, the effects 

of erosion and deposition may be confined to micro-environments within land units. 

For example, most Australian desert dunes are largely immobile except for their 

crests (Mabutt and Sullivan 1968:487). In some studies, land units have been found 

to be useful as predictor variables in describing site locations (e.g. Williams et al. 

I973, Pilgram I987). However, the patterning of archaeological materials in relation 

to land units may be a poor indicator of past cultural preference unless processes 

affecting the artefacts after their cultural deposition have been controlled. In this 

study, recording of the relationship between archaeological materials and land units, 

in conjunction with additional attribute data on recent geomorphological processes 

and events, provides a basis for more controlled analysis of archaeological site and 

artefact location. 

Land systems 

A land system is a broad-scale land classification which encompasses patterns or 

associations ofland units. Speight (1988:46) defines a land system as 'an assemblage 

or mosaic or land facets [units]'. 

The land systems of the study areas had been previously mapped at very broad scale 

(I: 1 ,000,000) by Perry et al. (1962). Using a revised classification (though closely 

similar to Perry et al. I962), the Department of Primary Industry and Fisheries 
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(DPIF) mapped a nwnber of pastoral leases, including Henbury, which covers a 

portion of the lower catchment of the Palmer River, but not the Tempe Downs lease, 

which included the study areas (Shaw and Bastin n.d.). Despite this, the DPIF revised 

classification and mapping, which was based on smaller scale data, was considered 

more useful than the earlier scheme by Perry et a/. (1962) and has been followed in 

this study. 

The more recent approach divided a nwnber of the land systems originally mapped 

by Perry et al. (1962) into two or more major units, where these had significantly 

different pastoral potential, largely due to relief. In the DPIF classification, very high 

range country was separated from lower foothills and valleys floors. These factors 

were also considered likely to be important to human land use as they define areas of 

different biological productivity. The potential of foothills and valley floors for 

human land use (both prehistoric and contemporary) was recognised by Perry 

(1978:73-74) when he noted: 

The dependance of both Europeans and Aborigines on the same 
small proportion of the land in central Australia is one reason 
for the strength of land use conflict in the region. 

Perry's (1978) comments thus implicitly acknowledge the value of the DPIF 

classification. Using the DPIF approach, nine land systems were recognised within 

the three study areas selected for this research. These were mapped on to base maps 

prepared from 1 :50,000 scale air photos (Figures 6.1 - 6.3) following similar 

procedures to DPIF in their mapping of Henbury station at 1:100,000 scale. The use 

of land systems or equivalent units in archaeological survey and analysis has been 

previously employed in Australia during numerous consulting investigations 

including Kinhill Steams Roger (1982) at Olympic Dam, Thorley eta/. (1994) in the 

Victoria River region and have been used by Robins (1993) in a non-site survey in 

arid southwest Queensland. As standard mapping units in land survey, they provide a 

useful means of combining landscape and archaeological data for both management 

and research. 

Land attributes 

In addition to the classification of land types, a range of environmental variables 
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were recorded at attribute level. These were the water source, slope and geological 

variables, which were considered important in organisation of settlement and artefact 

production, and a variety of geomorphic factors considered likely to affect the 

distribution and visibility of artefacts on the contemporary land surface. 

The major geological units and water sources in the Palmer River catchment were 

described earlier in this chapter. Mapping of geological units has been carried out by 

Cook (1968). The scale of 1 :250,000 geological map was too broad to enable 

translation of the mapped data to the three study areas. Recording of geological units 

was thus based on field observation. 

Water availability classes were based on type of water source, distance and stream 

order. Two factors should be considered in classifying water sources. Firstly, 

following rain water is available almost anywhere and secondly, water permanency 

depends on length of observation and long term variability in climate. What is a 

permanent water in good years may be ephemeral in a drought period. Stream order 

is often assumed to be an indicator of catchment and storage potential, with the most 

permanent waters being found in high order stream beds (e.g. Pickering 1994:183). 

While this is generally true of the Palmer River system, in that the most permanent 

waters are in the Palmer River or major tributaries, the reverse is not necessarily true, 

i.e. the least permanent waters being on low order streams. The well shaded 

rockholes in the Levi Range escarpment, which provide good semi-permanent water, 

are a notable exception. 

The remaining variables were recorded to monitor geomorphic processes and factors 

affecting artefact recovery. Erosion was recorded as either sheet wash, wind deflation 

and gullying. Where possible, erosion depth was measured to within the nearest 

1 Ocm. Vegetation cover was recorded as percent of the ground surface visible. 

Soils were classified into types based on surface characteristics. The six categories 

represent a modified version of the Greater Soil Groups defined by Stace et al. 

(1972:6). 

• Fine alluvial soils are medium to fine-textured red earths and brown sandy soils. 
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Found on floodplains and rw1-on areas at the base of foothills and slopes. 

• Aeolian sands includes both earthy sands and siliceous sands with low clay 

content. These are associated with sandplains and dunes. 

• Clay soils are grey, brown or red clays generally found on floodplains and 

floodout plains. 

• Shallow stony soils were shallow soils or lithosols recorded on rocky slopes and 

scree at the base of footslopes and rock outcrops. 

Soil compaction was recorded as loose, soft, firm or hard, based on the finger 

pressure method for soil in dry condition described by McDonald et a/. (1984: 118). 

These characteristics were selected, in preference to more detailed recording of 

attributes of soil texture and colour, to simplify identification in the field. 

3.10 Summary and synthesis 

This chapter has outlined the aims of the research, the relevant environmental 

variables and their application in the design of survey procedures and sampling units. 

It describes how the study is organised around the theory and method of recent 

landscape-oriented research. A landscape approach provides a framework for 

investigating a range of factors which potentially account for regional variation in the 

archaeological record. 

From this perspective, a landscape approach largely determines the selection and 

definition of potential independent variables. In doing so, it provides a structure for 

comparison of archaeological (dependent) variables. Archaeological assemblages are 

expected to vary as a result of their landscape position. The following chapter 

extends the methodological section of this thesis by defining the relevant 

archaeological variables. 
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CHAPTER4 

DEFINING THE CONTENTS OF AN ARCHAEOLOGICAL LANDSCAPE 

4.1 Introduction 

The fundamental aim of landscape-oriented research is to identify and explain 

archaeological variation across the landscape. As a step toward achieving this aim, it 

is necessary to identify different types of archaeological material (potential 

dependant variables) and ways in which they can be expected to vary. This chapter 

defines the archaeological variables and how these definitions were applied in the 

locating, recording and preliminary analysis of archaeological materials from the 

survey and excavation projects. 

4.2 Unit definition and assessment 

The criteria used to defme archaeological materials determine what is recorded in the 

field and subsequently analysed. Any definition will require decisions about the types 

of materials which will be included and excluded from the analysis, the content of 

assemblages which will be compared, and the nature of the theoretical questions 

which the study hopes to address. In designing appropriate units for this study, the 

central question is which units are best suited to dealing with the issues and problems 

raised by a regional landscape approach. 

Observational units and measurement 

The explicit definition and evaluation of units in this thesis conforms with current 

approaches in the study of archaeological landscapes, which are 'concerned with the 

accuracy of direct measurements made on the archaeological record' (Wandsnider 

and Camilli 1992: 170). Deficiencies in the measurement of archaeological variables, 

if found to exist, are likely to cast doubt over interpretations of the data. As Schiffer 

(1976:42-43) has observed, the archaeological record must be treated as a static 

entity which can only be observed in the present. Inferences regarding the operation 

of past systems are thus dependent on the quality of observations made directly on 

the archaeological record itself. 
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One implication of this is the need for objective and replicable ways of defining 

observational units. In archaeology, concepts which figure prominently in the 

interpretation of past systems can be given greater technical precision by defining the 

procedures by which they are measured. The use of a term like 'site' for example, 

which can often carry a range of connotations, can be enhanced by specifying 

procedures which are definable and replicable. In this way, much confusion in the 

use of such basic terms can be avoided. It is possible, furthermore, to rigorously 

assess the measurement of observational units in terms of their reliability and 

validity. 

Reliability and validity assessment 

Reliability and validity are technical terms used in evaluating the effectiveness of a 

measuring device. Justifications for the assessment of reliability and validity in 

archaeology have been outlined by Amick et al. (1989:3-4) and Wandsnider and 

Camilli (1992: 170). Reliability describes the ability of a measurement device to be 

used consistently without bias. That is, to be reliable, a measure must be able to be 

consistently applied by the same and by independent observers. Validity describes 

the ability of an instrument to give a true indication of what it is designed to measure. 

Validity relates largely to the explanatory ability of an instrument. For example, 

Sullivan and Rozen (1985:758) described their debitage typology as 'interpretation 

free', because of the consistency with which it can be applied to any assemblage of 

flaked stone artefacts. While their typology could be argued to reliably measure 

variation between debitage classes, experimental studies have cast doubt on its 

validity by demonstrating the potential for other non-technological factors (including 

trampling) to contribute to variations in the debitage types, thus limiting its value as a 

tool for measuring technological variables (Prentis and Romanski 1989:97, Amick 

and Mauldin 1989: 166-67). 

While it is possible for a measure to be reliable but invalid, the reverse does not hold. 

If a measure is found to be largely unreliable, it is also likely be largely invalid. The 

concepts of reliability and validity can be applied to a range of observational methods 

from the definition of basic units such as sites and artefacts to the stratigraphic units 

used in dividing subsurface materials for analysis. Furthermore, as the example of 
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Sullivan and Rozen's (1985) debitage typology shows, the effectiveness of a 

measuring device is dependent on controlling the effects of formation processes 

which may obscure the patterning of materials recovered archaeologically. 

Site and artefact classification 

This study employs two approaches to classification - one at site level and the other 

at the level of artefacts. An artefact can be defined as 'anything that displays any 

attribute, including location, as a consequence of human activity' (Dunnell 1992:33). 

An artefact is the basic unit of observation in archaeology while a site is traditionally 

a unit which defines a proportion of the total population of artefacts (Binford 

1964:430). 

While the use of the site concept is increasingly seen as problematic in 

archaeological research based at regional level, this study does not propose to do 

away with the concept altogether. Rather, this study uses data collected at artefact 

level to rigorously assess the site concept and its application in regional landscape

oriented research. 

Renfrew and Bahn (1991:485,487) distinguish artefacts (portable objects which 

display human modification) from features (non-portable artefacts) as basic units of 

observation. Two further types of materials of interest in this thesis are ecofacts and 

sediments (Binford 1964:432-433, Schiffer 1983:676). Ecofacts comprise 

archaeobotanical remains and faunal assemblages which are found in association 

with archaeological materials. 

While the distinction between sites and artefacts is useful in highlighting the 

procedures by which they were identified and analysed, the distinction is an arbitrary 

one. It is possible to treat most types of archaeological materials and other relevant 

materials either as artefacts, sites or component within sites. However, before 

proceeding to construct larger aggregates, it is important to identify the types of 

materials which make up those units. 

In keeping with this observation, the following section is devoted to describing the 

different types of archaeological materials encountered throughout the duration of 
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this research. Different types of materials are described in tenns of their basic 

attributes, fonnal properties and raw materials. The latter part of this chapter then 

defines the ways in which these types were grouped together in the recording of 

larger aggregates. 

4.3 Types of archaeological materials 

A wide variety of archaeological materials were recorded while carrying out this 

research. This section describes the different categories of prehistoric archaeological 

materials able to be recognised and the criteria by which they were defined in this 

research. Previous research is reviewed to examine the definition of existing terms 

and their use in the archaeological literature. 

Flaked stone artefacts 

Flaked stone artefacts were the most abundant and widely distributed types of 

archaeological materials. The transect survey of the three study areas produced a total 

of 412 artefacts all of which (except for one hearth) were flaked or ground stone 

artefacts (Table 4.1 ). 

Because of their abundance and wide distribution, this study focuses on flaked and 

ground stone artefacts as units of great importance to the study of archaeological 

landscapes within the Palmer River catchment. Where other types of artefacts occur 

they are almost invariably associated with flaked or ground stone artefacts, as 

demonstrated by Table 4.2 below. The results of the current survey, and research by 

Gunn (1988, 1995a), indicates that rock art, though more restricted in distribution, 

also occurs in each of the three study areas. However, in the Palmer River catchment, 

only portable stone artefacts provide a statistically valid and spatially representative 

sample that is sufficiently widespread to be viewed in the context of prehistoric use 

of the whole landscape. 

Stone artefact identification 

Following a standard definition such as Renfrew and Bahn's (1991:485), to be 

considered as such, an artefact should display visible evidence of human 
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Table 4.1 Artefact types recorded along transects. 

Type N % 

Unretouched flake 
flake 262 63.3 
flake piece 91 22.1 
large blade 4 1.0 

Retouched 
non-formal 21 5.1 
tula 3 0.7 
backed blade 1 0.2 
endscraper 1 0.2 

Core 
bifacial cobble 1 0.2 
single platform 6 1.5 
multi-platform 10 2.4 

Grindstone 
lower (whole) 3 0.7 
lower ( frag) 7 1.7 

Other 
hammerstone 1 0.2 
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modification. Flaked stone artefacts have clearly definable attributes, which enable 

their identification as artefacts and facilitate their measurement reliability and 

validity (Patterson 1983). Most varieties of stone used in flaked artefact making 

fracture in consistent ways, based on principles of crack initiation and termination 

known in mechanics as 'Hertzian fracture'. The flaking of rock in a particular way 

thus produces definable attributes which allow the striking action to be reconstructed. 

When struck with sufficient force with a hammer, the resulting flake will have a 

point of impact, or 'ring crack' on the interior surface directly below the striking 

platform. The ring crack forms at the apex of a cone ('Hertzian cone') which 

broadens to form a bulb, referred to as the bulb of percussion. As it continues, the 

fracture path creates other features - lances and undulations - which can sometimes 

be recognised (Cotterell and Kamminga 1990:131). Finally, the fracture passes 

through the other side of the rock, creating distinctive forms of termination which 

can be recognised at the opposite end of the flake. 

A second, and equally important consideration m identifying artefacts is their 

visibility. In some regions of Australia, including parts of central Australia, vast areas 

of the landscape are covered in naturally fractured rock. This poses a particular 

problem for artefact identification in areas dominated by quartz. Moreover, the 

fracture of quartz itself is often unpredictable. In these situations, distinguishing 

flaked stone artefacts from the dense background material of naturally fractured rock 

is extremely difficult. 

In this study, areas of naturally fractured rock were found on pediments, around rock 

outcrops and scree slopes. In virtually all cases, the naturally fractured rock was 

weathered in a different way to artefactual rock. There were no outcrops of quartz 

within the areas surveyed. On scree slopes and rock outcrops, the artifactual rocks 

were generally smaller, less weathered and of a different colour to the naturally 

fractured rock. As a consequence, even small flaked stone artefacts made from 

siliceous materials tended to stand out from the weathered cortical rocks surrounding 

them. Heat shattered materials similar in size, shape and colour to artefacts were 

rarely encountered and where they were, such as on pediments in Study Area 1 
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(Storm Creek), the procedure was to slow the survey and inspect the ground surface 

in more detail. 

Flaked stone artefact raw materials 

The manufacture of stone tools required specific types of stone raw materials. Most 

varieties of flaked stone tools required materials that were homogeneous, relatively 

fine-grained, and were absent of flaws and incipient fracture planes. Raw materials 

possessing these qualities were available within the Palmer River catchment, 

although their distribution varied. 

Silcretes were invariably the most common raw materials in artefact assemblages 

recorded in this study. Silcrete is widely available in the sandstone ranges and 

plateau in Study Areas 1 (Storm Creek) and 2 (Illara Creek). In silcretes, the grains of 

the original sediment are embedded in a matrix of cryptocrystalline silica. Often, 

however, the boundaries of grains cannot be discerned without magnification, due to 

crystallisation of the matrix. This has led to some confusion in the literature in 

central Australia with some authors using the term silcrete and others quartzite for 

the same type of stone. 

The use of both terms is not without some justification. The silcretes which occur 

within the Palmer River catchment and the eastern James Range can clearly be 

identified as silicified sandstones by their landscape position (Thorley and Gunn 

1996). However they are highly variable in texture and flaking properties. Some 

silcretes are very fine grained and are texturally indistinguishable from cherts, while 

others are coarse and similar in flaking properties to metaquartzites of the 

MacDonnell Range. 

Because of this variability, in this study, stone artefact raw materials were initially 

sorted on the basis of crystalline structure, which is the primary determinant of 

fracture properties (Cotterell and Kamminga 1990:127). Two broad categories were 

able to be distinguished using these criteria during field sorting: 

1) Silcrete/quartzite, and 

2) Fine-grained siliceous 
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Silcrete/quartzite artefacts were generally grey to greyish-blue in colour with a 

crystalline structure. Almost invariably the grains in silcrete were quartz. Artefacts 

made from fine-grained siliceous stone were variable in colour or translucent and had 

no crystalline structure which could be discerned without magnification. The 

category of fme-grained siliceous includes varieties often referred to as chert and 

chalcedony as well as very fine-grained silcretes. 

Sources of silcrete/quartzite were found in a number of separate localities in Study 

Areas I (Storm Creek) and 2 (lllara Creek), most of which contained some knapping 

debris from artefact manufacture. Samples of rock were collected from seven 

different silcrete/quartzite outcrops, and were examined microscopically and 

photographed using a video camera connected to a computer monitor and high

magnification binocular microscope. Preliminary analysis of these results suggest 

that individual sources of silcrete/quartzite have a distinctive grain size and structure 

which can only be recognised microscopically. 

A further implication to emerge from this analysis is that non-local silcretes also have 

a distinctive signature which cannot normally be recognised with the naked eye. A 

sample of artefacts from the surface and excavated deposits (also examined and 

photographed under high magnification) revealed that several artefacts were made 

from silcretes which did not match the grain size and structure of those collected 

from local sources. This included a blade which had been cached on a rock ledge at 

Kulpi Mara Rockshelter and several backed artefacts from the excavated deposits. 

Evidence for quarrying of fine-grained siliceous raw materials was found in only one 

location during the study, at Alulmurru, Skm from the southeast comer of Study Area 

3 (Middleton Ponds). The quarry at Alulmurru consists of an outcrop of white and 

translucent chert (referred to as chalcedony) adjacent to the Palmer River. The size of 

the quarry and the number of artefacts observed suggests this was not a major source, 

but supports the view that cherty materials are likely to have come from the Upper 

Proterozoic (fu) and undifferentiated Lower Palaeozoic (Pzl) units within the 

Larapinta and Pertaoorrta Groups (Cook 1968) which are found in the low hills and 

tablelands and as isolated outcrops in the middle to lower catchment. Small chert 

pebbles were also found among the gibber near where the Palmer River catchment 
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cuts through a chain of fu hills at Rogers Pass, but none appeared to have been 

exploited for tool manufacture. These observations reinforce the impression that 

sources of large-sized and fine-grained raw materials are very limited within the 

Palmer catchment. Despite this, a small though consistent quantity of fine-grained 

siliceous material occurs in assemblages from each of the three study areas (between 

10-20% of the total assemblage), indicating that knappers were using strategies to 

maintain a supply of these materials. 

Debitage types 

Table 4.1 provides a breakdown of the frequency and proportion of stone artefact 

types recorded during the transect survey. It can be seen from Table 4.1 that the 

category of unretouched flakes was the most abundant of any class of artefact 

recorded during the non-site survey. These were flakes on which retouch could not be 

recognised macroscopically. 

Tixier (1974:14) defines debitage as the result of: 

The intentional action of breaking a block of raw material (hard 
rock) in order to use the products (flakes, blades and bladelets) 
as they are, or to convert these products into tools by retouch. 

Unretouched flakes thus may represent either the waste products of flaked artefact 

production, blanks subsequently used for the production of shaped tools or simply 

used in their primary form without retouch. Kamminga (1982:7) observed that the 

unretouched edge of a primary flake was an effective cutting tool which, according to 

Gould (1968:44), was sufficient to completely butcher a large mammal (see also 

Clark 1987:240 and Odell1980:420). 

Gould (1980:72) makes the following relevant observation in regard to the use and 

discard of such unretouched flake tools, which he terms 'instant tools': 

Instant tools are the most varied and pervasive part of the 
Aborigine technology, yet they also require minimal alteration 
of the natural material and are discarded whenever and wherever 
their use-life is over - often far from any kind of habitation base 
camp. 
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While- these observations may serve as predictions for the patterning of off-site 

materials, without detailed use-wear analysis it is not possible from the attributes of 

the artefacts themselves to distinguish the flakes used as instant tools from other 

flakes intended for further tool production or simply the waste material generated in 

their manufacture. 

In this study, the category of unretouched flakes was subdivided into whole flakes 

and flaked pieces (which, as the term implies, are simply incomplete flakes and 

shatter). This classification served primarily to enable the recording of size-related 

attributes. As Hiscock (1988a:365) points out, the technological attributes of flakes 

are affected by breakage and retouch. Percussion length was recorded only for whole 

unretouched flakes. For all other types of artefacts, length was recorded as the 

maximum dimension. 

Flaked stone artefact manufacture is a subtractive processes, where flakes removed 

during knapping are not replaced (Callahan 1979:33). One of the consequences of 

this insight is that as artefacts undergo further manufacture they are continually 

reduced in size. Cores are reduced as flakes are removed whilst the flakes themselves 

become smaller. For this reason, size has often been used as an indicator of reduction 

intensity or stage (Shott 1994:80). 

The distinction between whole flakes and flaked pieces relied on the identification of 

one of three characteristic forms of termination- feather, hinge, and plunge (defined 

by Cotterell and Kamminga 1990:134, Tixier 1974). To be classified as a whole 

flake, the presence of at least one type of termination was required as well as a 

striking platform. Length was then measured as the distance along the percussion 

axis from the ringcrack to the distal margin (Hiscock 1986:48). 

Previous researchers have identified two specific type of flakes - 'redirecting' flakes 

and 'large blades' -which warrant specific mention. Clear examples of redirecting 

flakes, or ridge-straightening flakes, were not commonly recognised in the current 

research (cf. Hiscock 1993:69, Smith 1988:94). This is consistent with a general lack 

of evidence in the Palmer River catchment for preparatory shaping and platform 

preparation of cores. 
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The Arremte term 'lalira' was first used by Spencer and Gillen (1899:652, later 

changed to leilira in 1904:752) to refer to a distinctive form of large unretouched 

blade. Arremte is a language spoken throughout the MacDonnell Ranges, to the north 

of and bordering the Palmer River catclunent. Spencer and Gillen's term referred to 

an ethnographic form of hafted knife, although the same blade was also used in a 

hafted pick-shaped weapon. Both have been documented ethnographically as fighting 

weapons (see Graham and Thorley 1996 for a comprehensive review of the central 

Australian evidence). 

The technique for manufacturing large blades of leilira type was first described in 

cental Australia by Spencer and Gillen (1904) at Renner Springs, and more recently 

by Binford and O'Connell (1984). The technique for producing the blades that were 

later hafted to make knives and picks was characteristic of prismatic or lamellate 

blade manufacture (Witter 1990:77), where arrises were prepared on a single 

platform core and a series of parallel blades struck from the long axis of the core. The 

resulting flake is struck from the comers created by the arrises and, following the 

raised mass, results in a flake/blade which is prismatic in section. The core from 

which these are produced are typically pyramidal, and the blade flakes are long with 

parallel sides or lanceolate in plan. 

O'Connell (1974) recorded attributes of 21 quartzite blades identified emically by 

Aboriginal informants in the Sandover River basin as 'yilugwa'. The types collected 

by O'Connell were all retouched, parallel sided rather than lanceolate in plan, and 

were described by informants as spoons for eating Ipomoea yams. These were 

different from the predominantly unretouched leilira described by Spencer and Gillen 

and are more akin to their 'women's knives' (Spencer and Gillen 1927:545). Metric 

attributes provided by O'Connell suggest that these yilugwa blades were on average 

8cm in length and produced in a similar fashion to Spencer and Gillen's description 

of blade manufacture at Renner Springs, in regard to which they state ' ... from 10 to 

12cm may be regarded as the limits of size within which all of them fall' (Spencer 

and Gillen 1927:541). 

One of the problems in documenting leilira technology is that there is nothing 

exclusive about the application of this technique to large-sized materials. The same 
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procedure was also used to produce small prismatic blades and pyramidal cores. Only 

four large blades were recorded during the transect survey, though flakes possessing 

the technological attributes of leilira were found in large numbers on quarry sites. 

One such artefact was found cached at Kulpi Mara Rockshelter while other 

specimens, occasionally with some retouch, were observed on surface scatters. 

Extensively retouched blades such as those described by O'Corinell (1974) were not 

commonly recorded. 

A core represents a piece of rock from which flakes have been struck from one or 

more platforms. The categories of core were distinguished from retouched flakes by 

the presence, on the latter, of a single interior (bulbar) surface. Cores were divided 

into single and multiple platform types. These categories define the direction and 

regularity with which flakes were struck. 

Single platform cores were systematically worked in one direction, making use of 

arrises created by previous flake or blade removals. Examples include the large blade 

reduction described by Spencer and Gillen (1927:543) but also the smaller prismatic 

cores excavated by Hayden (1979:159) in western Central Australia (described as 

'sub-pyramidal'). Both types are fairly common in the Palmer River catchment. 

The majority of cores recorded (n=ll, 60%) during the transect survey were those 

where flakes were removed by striking from multiple platforms (sometimes referred 

to as 'multidirectional', e.g. McNerney 1987 :76). This represents a different strategy 

from a single platform technique in that there is ' ... little apparent regard for setting 

the stage for further removals' (Johnson 1987:192). Cores produced in this way 

include those which make use of natural platforms as well as more highly reduced 

'rotated' cores, where flakes are struck from different directions, exploiting available 

platforms formed by previous flake removals. 

Only one bifacial core was recorded during the transect survey. This was made on a 

large quartzite cobble. The use of this technique, which is rare in the Palmer River 

catchment, is generally reserved for very hard materials which require a more acute 

platform angle. On the other hand, this technique is more common in the 
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MacDonnell Ranges near the edge of the Armadeus Basin where the dominant raw 

materials are hard metamorphosed quartzites. 

Retouched/utilised artefact types 

Flaked stone artefacts were classified as retouched/utilised where evidence for 

secondary modification could be seen with the naked eye. For the purposes of this 

study, retouch/utilisation resulting from deliberate edge trimming was not 

distinguished from use wear. 

Previous researchers in central Australia have developed an extensive range of 

retouched utilised categories (particularly Campbell and Edwards 1966 and Stockton 

1971). This thesis does not propose to deal with implement types in the same detail 

or manner for two reasons. Firstly, retouched artefacts make up only a small 

proportion of the total number of artefacts within the Palmer River catchment, as 

shown by Table 4.1, and it would be premature to define the range of variation within 

or between classes on the basis of such a small sample. Secondly, it is far from 

certain whether many of the artefact classes described by previous researchers 

represent distinct or even recognisable types. 

Functional terms such as 'adze' and 'scraper' have been widely used in the central 

Australian literature, either singly or as part of composite terms such as 'side

scraper', 'thumbnail scraper', and 'tula adze' (Napton and Greathouse 1985:98,103, 

Stockton 1971:45, Smith 1988:90,92, 1996:68). These terms are generally avoided in 

most current approaches to stone artefact analysis, since the tasks in which the tools 

performed can not be observed directly and can often only be reconstructed through 

experimental and use-wear studies. Furthermore, ethnoarchaeological research has 

shown that retouched artefact types, including those manufactured to a relatively 

tight design, were often employed in a range of tasks (Hayden 1979: 168). Thus, in 

this study, it could not be determined with any certainty whether an artefact had 

functioned as an adze, scraper or a graver simply on the basis of having particular 

morphological characteristics. 

Thus irregular shaped retouched items which have previously been described by 

these terms were replaced in this study by the less inferential term 'retouched flake'. 
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A total of 21 artefacts ( 5.1% of the total) were recorded in this category representing 

considerable variation in location, angle and length of retouch and blank size and 

shape. Included in this category were large, thick retouched flakes similar to a type 

described by Stockton (1971:46) as a 'steep-sided scraper'. It is conceivable that 

these flakes, often made on fine-grained exotic materials, were used as cores rather 

than implements, though this could not be determined from their attributes. 

One other commonly described artefact type which warrants attention is the category 

of 'points'. While 'points' are a recognised type in the Australian literature (Hiscock 

and Hughes 1983:96, Flenniken and White 1985:147, Thorley et al. 1994:62) very 

few artefacts were seen during this study which could be described as classic types. 

Smith and Cundy (1985:34) have made similar observations regarding the rarity of 

points in central Australia 

Artefacts from the Palmer River catchment which might be described as unifacial 

points are quite unlike either the invasively-flaked unifacial types (pirri points) 

recorded in northern south Australia and southwest Queensland (Robins 1993:288) or 

the very finely-worked 'Kimberley' biface points (recently described in detail by 

Akerman and Bindon 1995) which are generally confined to northern Australia 

(although see Tindale 1965:155 for an example of traded biface points in western 

central Australia). Unless a very loose definition of the term unifacial point is taken, 

it can be argued there is no true evidence of a point industry in the Palmer River 

catchment, where the range of variation between artefacts which are triangular in 

plan is considerable and appears to be continuous with other laterally retouched 

flakes. If this interpretation holds elsewhere in the central Australian ranges, then 

questions may be raised about the proposed timing for the introduction of points in 

central Australia and their inferred distribution ( cf. Attenbrow et al. 1995: 117-118, 

Smith and Cundy 1985). 

Distinctive retouched artefacts 

In contrast to the wide variation in irregular-shaped retouched artefacts, there were 

several stone artefact types which displayed consistent and distinctive retouch 

patterns. Three types of artefacts in the Palmer River catchment show distinctive and 

recurrent characteristics. These are tulas, backed artefacts, and distally-retouched 
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flakes.(' endscrapers '). Tulas and backed artefacts in particular are widely recognised 

formal types outside of central Australia and their chronology is of interest to 

continent wide changes in stone tool manufacture. 

The Aboriginal term tula ('tuhla' in Wonkonguru) was first applied to a specific tool 

type by Home and Aiston (1924:82), although it had been described earlier by 

Spencer and Gillen (1899:595) and Roth (1904:17). Interestingly, '~ula' is a term 

used in the Luri~a language group whose traditional territory includes the Palmer 

River catchment. In its current usage, the word '~ula' is a term used to refer to metal 

knives rather than any particular stone implement. Tulas were the most common of 

the distinctive artefact types located during the transect survey, although the number 

recorded was small {n=3, 0.7%). 

In archaeological usage, a tula is a specific type of retouched stone artefact which 

conforms to a standardised design. Consistency of design is widely recognised across 

the arid zone, although variations in size have been noted (Witter 1990:71). 

Variations in the form of tulas have been described as a result of resharpening, 

thinning of the platform for hafting (Hiscock and Veth 1991:334) and recycling 

(O'Connell1977:276 ). 

Tulas are generally made on large thick flakes, with pronounced bulb of percussion. 

The distal portions are removed in part by retouch. In some cases, part of the bulb 

and the platform may also be removed by retouch (Hiscock and Veth 1991:334, 

Witter 1990:70). At this point, the tula flake has reached what is commonly referred 

to as its 'slug' form. Reduction is said to cease when the slug becomes too thin for 

hafting or retouch (Hiscock and Veth 1991:335). Occasionally, retouch may be 

applied onto the platform from the bulbar surface, thus removing part or all of the 

platform (Witter 1990:70, O'Connell 1977:272). In this highly reduced form, the 

shape of the tool becomes triangular in longitudinal section (Witter 1990:70). In 

some descriptions, the worn out slug may be reduced further to form a 'point' 

(O'Connell1977:276), although this was not observed during this study. 

Another distinctive form of distally retouched flake previously recorded in central 

Australia is the type commonly described as an 'endscraper'. In contrast to tulas, 
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retouched flakes of this type are made on thin flakes. The lateral margins are 

unretouched and parallel. Often parallel ridges or arrises on the dorsal surface 

indicate that the flake was produced by a lamellate blade technique. The retouched 

edge is often very finely worked, and the retouch scars invasive onto the very acute 

working edge. 

Backed artefacts have been included in most typological descriptions of stone 

artefact assemblages in central Australia (Campbell and Edwards 1966, Gould 1978, 

Napton and Greathouse 1985, Smith 1988 and Stockton 1971). Only O'Connell's 

(1977) study of surface assemblages in the Sandover region failed to record any clear 

examples. In this study, one artefact with backing retouch was recorded during the 

transect survey, although other examples were observed on the surface outside the 

probability sample and recovered from the excavated deposits. 

In early typological schemes ( eg McCarthy 1976) asymmetric specimens (referred to 

as 'points') were treated separately from the rest of the backed artefacts, labelled 

under the general category of microliths. More recently, all artefacts with backing 

have tended to be grouped into the general category of backed blades, including those 

which are not blades, as Hiscock and Attenbrow (1996:64) observe. For this reason, 

Hiscock and Attenbrow eschew the term backed blade and opt instead for the broader 

term 'backed artefact'. 

In the Lawn Hill region (NW Queensland), Hiscock (1988a:150) postulates that 

asymmetric specimens such as 'woakwine' are intermediate stages in the production 

of geometric forms. This interpretation would appear to fit the pattern observed in the 

Palmer River catchment where geometries, mainly triangles, trapezes, and lunates, 

occur more often than 'bondi points'. This interpretation is complicated by the fact 

that in southeast Australia, backing technologies were used primarily in the 

production of so-called bondi points (Hiscock 1993 :65). 

In the Palmer River catchment, very few backed artefacts were found on the surface 

and no discrete manufacturing areas were identified. Although small prismatic blades 

were common, there was no evidence (in the form of burin-like flakes, cf. Hiscock 

1988a:150) that these were struck from the distal end of a large flake in a manner 
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similar to Hiscock's observations or that they had been regularly manufactured into 

backed artefacts. 

In contrast to the very few backed implements recovered from the surface, the 

excavation of the stratified deposits revealed that backed artefacts occurred more 

frequently than tulas which were far more common on the surface. Explanations for 

these results are discussed in Chapters 8 to 1 0, where they are argued to indicate a 

recent decline in backed artefact manufacture consistent with the continent-wide 

trend described by Hiscock (1994a:285). 

Grindstones 

A thorough typological study of grindstones in central Australia has been carried out 

by Smith (1985), which he later extended to a model for their role in settlement and 

demographic change in the mid to late Holocene (Smith 1986a). The model argues 

that the adoption of intensive seed-grinding was necessitated by the stresses of 

population growth and climatic change during this period. Lack of grinding during 

earlier dry phases is said to indicate lower population density in relation to carrying 

capacity. 

Edwards and O'Connell (1995) and Gorecki et al. (1997) have questioned various 

aspects of this scenario. Edwards and O'Connell (1995:776) note the lack of 

evidence for seed-grinding during the last glacial, when conditions would have been 

far more severe than those experienced during the Holocene. They also point to a 

lack of certainty surrounding population levels throughout the period of human 

occupation. Gorecki et al. (1997) have focussed their critique on the problems of 

identifying diagnostic seed-grinding implements. In the model proposed by Smith 

(1986a), 'formal' grindstones ('millstones and muliers') were special-purpose seed

grinding implements, which displayed characteristic wear-patterns resulting from the 

regular grinding of seeds. 

In raising the possibility that seed-processing may have occurred during the late 

Pleistocene, Gorecki et al. (1997) cite a number of factors which may influence the 

morphology and visibility of grinding implements. They argue that differences 

between formal and non-formal types reflect degree of use rather than function. 
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Further, small sample sizes during the late Pleistocene are said to reduce the chances 

of grindstones being detected if present. Thus they argue that the lack of formal 

grindstones cannot be used to rule out an earlier seed-grinding technology during this 

period. 

It is possible to extend these observations on the basis of the sample of grindstones 

recorded during this study. In particular, comments by Gorecki et al. (1997) 

demonstrate the need to consider changes which occur in the life cycle of a grinding 

implement which may affect their identification and, as a consequence, their chances 

of archaeological recovery. 

During the transect survey, ten artefacts were recorded with ground surfaces, all of 

which were 'lower grindstones' defined as having at least one concave surface 

('upper' grindstones are convex or plano-convex, Smith 1986a:33-34). In Smith's 

(1985:24) definition of lower seed-grinding implements, the defining characteristics 

were the dimensions of the slab and the abraded groove(s) formed on one or both 

surfaces. Smith (1986a:32) states 'the minimum length of groove for efficient [seed] 

grinding is probably around 300mm' which implies that length is a critical attribute 

in the definition of seed-grinding implements. 

One of the problems in applying this definition in this study was that many of the 

lower grindstones observed both along transects and elsewhere outside the 

probability sample appeared to be incomplete, or manufactured on broken slabs of 

rock. In some respects these closely resembled the artefacts described by Smith 

(1986a) as seed-grinding implements, in being deeply ground with well-developed 

grooves, and showing the typical 'rejuvenation stippling' (Smith 1986a:32). 

However, because of breakage which affects the length (i.e. longest axis) of the 

abraded surface, it was not possible to define these as seed-grinding implements 

according to Smith's (1986a) criteria. The maximum dimension of the lower 

grindstones recorded during the transect survey ranged from 8 to 35cm, with a mean 

of 17cm. Hence, only one of the artefacts in this sample could have functioned as a 

seed-grinding implement by Smith's (1986a:32) definition. In a survey of the 

Mereenie-Watarrka Road, Thorley (1993:13) recorded eight lower grindstones with 

maximum dimensions ranging from 26 to 50cm, with a mean of 33cm. Of these, at 
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least three would fall below Smith's (1986a) minimum requirements for seed

grinding. 

There may be several explanations for the relatively high proportion of artefacts 

which fall below lengths expected for seed-grinding. Breakage due to trampling by 

cattle may be a factor. Similar rates of breakage are, however, not evident in the 

sample of flaked artefacts. Further, the predominance of what appeared to be 

incomplete or broken grindstones was also observed in sites which were inaccessible 

to cattle and vehicles. An alternative explanation is that the larger and more complete 

grindstones have been preferentially removed by collectors. It is impossible to 

discount collection entirely, but again many parts of the three study areas are 

inaccessible to vehicles and it is considered unlikely that heavy objects such as 

grindstones would be carried long distances on foot by collectors. 

A more plausible hypothesis is that broken grindstones were frequently reused or 

recycled for other purposes. While the dimensions of many artefacts fall below 

Smith's (1986a) criteria, some of the grindstones from the Palmer River catchment 

may represent broken grinding slabs which have been reused for processing other 

(non-seed) foods such as Solanum fruits or native tobacco. Gould et a/. (1971: 164) 

for example note that in the Western Desert, fruits of Solanum centrale (desert raisin) 

were ground using a rocking motion. For these and other tasks, such as pounding 

bones and anvil resting cores during knapping, the minimum size of the rock slab 

required would presumably be much smaller than that proposed by Sniith (1986a:32) 

as a requirement of seed-grinding. 

Fragments of grinding slabs were also found in a number of hearths in the Palmer 

River catchment where they appeared to have served as heat retainers. In southern 

New Mexico, Camilli and Ebert (1992:119) have noted that grindstones were often 

recycled into hearth features where alternative materials were unavailable locally. In 

this study, where grindstone fragments were observed eroding from surface hearths, 

the size of the fragments were generally less than I Ocm, which could account for 

three out of the ten pieces of ground stone recorde~ during the transect sample. It is 

also not entirely inconceivable that broken millstones may have functioned quite 
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adequately as seed grinders and have been selected over larger slabs for their 

portability ( cf. Smith 1986a:32). 

Upper grindstones (also 'topstones' or 'muliers'; Napton and Greathouse 1996:128, 

Smith 1988:96) were recovered from excavated deposits and recorded 

opportunistically outside the transect sample. In the Palmer River catchment, as 

described elsewhere in central Australia, these have one or more flat or convex facets 

and tend to be more consistent in size (7-15cm) than lower grindstones. A portion of 

the ground surface is usually pitted, in one exceptional case, the pitting completely 

covered one surface of the artefact. Lack of similar types in other studies elsewhere 

in the central arid zone suggests recycling as a possible explanation for this unusually 

pitted object, possibly of a hammerdressed cylcon or ritual object (cf. Cundy 

1985:126). 

Pitted artefacts 

In addition to artefacts with ground surfaces, small pecked or pounded indentations 

occurred on several different types of artefacts and features recorded in this study. 

Hammerstones were found at several sites with pitting and or battering around the 

margin of a cobble-sized rock. Another type of unusual pitted artefact was recorded 

with small indentations in a central area around a larger central hole. One of these, 

comprising a small squarish rock with a flat surface, was recovered from the open 

scatter at Kulpi Mara, near the excavation site. Another, made on a fist-sized 

quartzite cobble, came from the surface collection (Square 3) at Ilarari 19 rockshelter. 

Mulvaney (1997:73) has described artefacts of a very similar form at a large open site 

near Helen Springs in the tropical portion of the Northern Territory semi-arid zone. 

Unlike those recorded by Mulvaney (1997), neither of the two artefacts from the 

Palmer River catchment revealed evidence of having been ground. They also 

resemble closely those described by Gould eta/. (1971:164), which were said to be 

used to pound desert kurrajong (Brachychiton sp.) and other nuts, although these 

again appeared to have also been used as generalised grinding and food processing 

implements. 
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Manuports 

Rocks which had been transported but not modified were recorded as manuports. In 

some contexts without naturally occurring rocks, for example sand dunes, these were 

clearly identifiable. In rocky parts of the landscape, however, they could not be 

identified unambiguously. Because of the difficulty in distinguishing naturally 

transported rocks from manuports in rocky terrain, the presence of manuports on sites 

was merely noted in order to gain a general indication of their quantity and distance 

from potential source materials. In situations where their interpretation was clear cut, 

particularly on floodplains and sand dunes, the large quantity of manuports suggested 

that rocks were frequently transported across the landscape, often over considerable 

distances for use in hearths and other domestic activities (discussed further under 

hearths and stone arrangements below). 

Rock art 

In the present study rock art features were recorded as sites or components within 

sites, rather than at the level of individual motifs. The detailed recording of rock art 

sites in the Palmer River catchment, including information recorded at motif level, 

has been undertaken by Gunn (1988, 1995b). In this study, two previously 

unrecorded complexes were located during the site survey, which also provided 

information on the presence and absence of art in a range of environmental settings. 

One of these new complexes (Irtikiri) has been recently recorded in detail by Gunn to 

complement his previous work in the Palmer River catchment at Ilarari (R.G. Gunn 

1988) and Kulpi Mara (Gunn 1995b ). 

Art types can be classified using a simplified form of the recording scheme outlined 

by Gunn (1995b). There were three basic techniques by which rock art was applied. 

These are defined as follows. 

1. Stencils 

Ochre is blown from the mouth, spraying the outline of an object, resulting in a 

negative image of the original object (Thorpe 1932:104). The use of the technique 

has been prolific in parts of the Palmer River catchment, which appears to be one of 
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two major centres in central Australia, the other being the Dulcie Ranges (Gunn 

1995a:l22, Thorley and Gunn 1996). 

2. Pictographs 

Production of art by painting or drawing the pigment onto the rock surface. Less 

common than stencils, these include charcoal drawings, paintings (monochrome and 

polychrome) and hand prints. 

3. Engravings 

Art motifs which have been produced by pecking, pounding, or scratching the 

surface. In the Palmer River catchment pecking is the most common form, though a 

combination of techniques may have been used (R.G. Gunn, pers comm. 1995). 

4. Abraded groove 

A distinctive form of engraving comprised of rows of parallel narrow incisions, 

generally found on vertical surfaces in rockshelters. Given the narrow width of the 

groove, these are unlikely to have functioned in preparation of food or in the edge 

sharpening of artefacts and are thus assumed to have served a symbolic function. 

Grindinji patches 

These are defmed as circular or elongate grooves on bedrock similar to those 

described on portable grindstones. At Kulpi Mara and Ilarari, abraded patches occur 

on flat roof-fall boulders in larger rockshelters. These are distinct from the abraded 

grooves (narrow slits formed by abrasion) described as a category of rock art. 

Hearths 

Small piles of heat-fractured stone were found in all three study areas. Sometimes 

more than a metre across, these features were made up of numerous cobble-size 

fragments of locally available rock and, as in instances described above, grindstone 

fragments. In cases documented in this study on the floodout plains of the lower 

Palmer River, hearthstones were carried over distances of at least 2km from the 
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nearest outcrops. Although there was no record of the use of heat retaining hearths in 

central Australia, the practice is consistent with that described elsewhere in arid 

Australia (e.g. Cameron eta/. 1990:60, Roth 1897:104). One complete rock-lined 

hearth was also uncovered during the excavation of Kulpi Mara Rockshelter, which 

was similar in size (less than a metre across) to most of the surface hearths recorded 

during the survey. 

Features of this type have been infrequently described in the central Australian 

ranges and their hinterland. Napton and Greathouse (1996) obtained dates from two 

surface hearths in the northern Simpson Desert, which they described as 'containing 

many thermally-affected fragments of rock' (Napton and Greathouse 1996:126). 

However, there are no descriptions of the size or distribution of hearths which could 

serve as a basis for comparison with those recorded in the Palmer River catchment. 

While these features do not figure prominently in central Australian archaeology or 

ethnography, the use of stone fragments as heat retainers in cooking ovens has been 

described across a wide area of northwest and central Queensland by Roth 

(1897:104). 

Stone arran~ements 

Mounds comprised of baked earth, charcoal and piled rocks resembling hearths were 

also found in large clusters, some containing up to 24 features. The size of the 

individual mounds (up to 2.5 metres in diameter) was also often much larger than 

would normally be associated with hearths. Their geomorphic setting, on deflated 

surfaces on the lower Palmer floodplain, together with the lack of associated stone 

artefacts, implies that these features are relatively recent in age and possibly of a 

post-contact nature. This is consistent with the contemporary function of two such 

sites, which have Aboriginal significance. For this reason, no further investigations 

were carried out on them. 

Or~anic materials. sediments and ecofacts 

The excavation and surface collection of rockshelters revealed a range of organic 

materials. These included wooden artefacts, wood and resin artefacts, stone and resin 

artefacts, wood and spun fibre artefacts, and segments of spun fibre. Artefacts made 
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from organic materials along with non-artefactual ecofacts and sediments, are 

described in Chapter 8 which presents and analyses the data from the five excavated 

sites. · 

Faunal materials including scats, fragments of bone and occasionally fur, were also 

found near the surface of these rockshelter deposits. As Brain (1981) has shown, 

faunal assemblages are often difficult to decipher without close analysis of 

taphonomic processes. In this study, it was often unclear whether the faunal remains 

observed were those of human or non-human carnivores. As a consequence, bone 

was treated as an ecofact and recorded in conjunction with the data on sediments and 

other observable plant remains. These materials are described in the reporting and 

analysis of excavation results in Chapter 8. 

4.4 Site definition and recording 

The types of archaeological materials defined above were recorded during the site 

survey using a summary recording fonnat which aimed to provide basic data on their 

location, clustering and relationship to other types of materials. The criteria for 

grouping materials into larger aggregates (or, alternatively, treating them as isolated 

artefacts or features) and the justification for these criteria are outlined below. 

Defining sites as empirical units 

In archaeology, the use of the term site covers a range of concepts and meanings. 

Common usages and meanings embodied in the term site include activity location, 

sampling device and management construct. Bradley and Ford (1986) refer to the 

'siting' of outcrops used as Neolithic source areas. As Thomas (1979:62) observed 

rhetorically, 'it even seems redundant in archaeology to speak of 'site surveys'. Are 

there any other kind?'. Such usages of the term site reveal something of the centrality 

and wide-ranging nature of the concept in archaeology. 

Despite the wide application of the site concept in archaeology, the difficulties in 

defining sites during field investigations are often reported (Butzer 1982, Thomas 

1979). Butzer (1982:259), for example, stated: 
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The definition of an archaeological site as a tangible record of 
human activity at a specific place is difficult to implement in 
many field situations. 

Plog et a/. (1978:389) define an archaeological site as 'a discrete and potentially 

interpretable locus of cultural materials'. Renfrew and Bahn (1991:42) offer the 

following definition: 

Archaeological sites may be thought of as places where 
artefacts, features, structures and organic remains are found 
together. For working purposes one can simplify this still further 
and define sites as places where significant traces of human 
activity are identified. 

Implementing these definitions relies upon criteria for defining the discreteness and 

significance of those cultural materials and traces. 

The term 'artefact scatter' is widely used in Australian archaeology to refer to 

relatively dense concentrations of surface artefacts (Hiscock 1988a, Holdaway et a/. 

1998, Hughes and Koettig 1989). Artefact scatters are often distinguished from 

isolated and less dense archaeological materials using a stipulative definition 

(Hiscock 1988a:77, Plog et al. 1978:389). Such definitions use arbitrary criteria such 

as artefact density, total artefact population and site surface area to distinguish 

artefact scatters from the more diffuse artefacts surrounding them (referred to by 

Foley 1981 : 166 as 'off-site' materials). 

The main advantages of such definitions are their flexibility and replicability. An 

operational definition can be varied to meet the requirements of the research and its 

problem orientation (Irwin-Williams eta/. 1988:41). In regional studies, density and 

size criteria can be adjusted to include small low-density scatters which are likely to 

contribute to a more comprehensive understanding of human use of the landscape. 

Further, the selection of site survey techniques is often pragmatically determined to 

enable rapid identification and summary recording of concentrations of 

archaeological material. This applies particularly to situations where artefact scatters 

are extremely common and a rapid assessment of their contents is required (e.g. 

Hughes and Koettig 1989:3). 
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A further advantage ofa stipulative definition lies in its use of explicitly empirical 

criteria. While they are not 'interpretation-free', and should be 'tied to some notion 

of interpretability in the specific context in which the survey is being conducted' 

(Plog et al. 1978:389), an empirical definition of site avoids many of the surplus 

connotations and meanings which are taken on whenever the term is used. In the use 

of a more explicit definition based on density criteria, there is not only less confusion 

over what a site means but the procedures by which it is measured can be replicated 

to see whether the data holds up to closer scrutiny. 

There are two common arguments against the use of density criteria in site definition. 

The first is that in some situations the distribution of artefacts are too dispersed, so 

that discrete clusters may not be always be measurable empirically (e.g. Foley 

1981:161 and Thomas 1979:62). In other studies, artefact density varied sufficiently 

to allow discrete scatters to be recognised. In Hiscock's research (1988a:83) in the 

Lawn Hill region in semi-arid Queensland, high density clusters were consistently 

encountered and could be distinguished from both the regional background scatter 

and the low density 'off-site' materials around them. 

The second argument holds that while it may be possible to identify high density 

nodes of archaeological material, their interpretation as nodes of human occupation 

remains ambiguous (Dunnell 1992:29, Thomas 1979:62). For example, during a site 

survey in the Hunter Valley region in southeast Australia Hughes and Koettig (1989) 

noted that although the artefact scatters they recorded appeared to represent discrete 

entities, closer examination suggested other, non-cultural factors, as agents in their 

formation. As Hughes and Koettig (1989:7) stated: 

The artefact scatters recorded along Saltwater Creek were 
located on bare, eroded areas with excellent surface visibility 
(referred to as 'exposures') separated by closely grassed areas 
with little or no surface visibility. In the grassed areas, artefacts 
could not be detected even if they were present. Artefacts 
appeared to occur almost continuously along the creek banks 
and in practice the limits of sites were generally defined by the 
limits of the bare, eroded exposures on which artefacts were 
visible. 

These observations reinforce the idea that although it may be possible to define 
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'sites' ..empirically, their understanding in terms of prehistoric settlement can only be 

reached through an understanding of landscape processes. However, the use of a less 

inferential definition of site, based on artefact density criteria, enables the observer to 

focus on a range of possible factors accounting for 'discrete clusters' and thus 

withhold interpretation of the systemic context until natural and cultural formation 

processes can be examined (Schiffer 1983:675). 

Theoretical arguments against the use of sites as analytical units were reviewed in 

Chapter 2 and 3. These arguments, when combined with empirical observations such 

as those of Hughes and Koettig (1989:7), raise questions about their validity as 

observational units. Though it may be possible to recognise sites empirically, do they 

represent 'real' entities in tenns of prehistoric occupation? Is a 'scatter' shaped by 

human activity or accumulated through erosion or some other non-cultural process? 

While these arguments highlight the problems of sites as analytical units, the 

methods employed in this study have emphasised their value as observational units 

and focused on their definition in operational tenns. This approach acknowledges 

that an association between materials at the same location does not necessarily mean 

that those materials were the result of the same or related occupation events. 

Nevertheless, to effectively investigate the processes which create the build up of 

archaeological materials at particular locations, it is necessary to firstly establish 

where those locations are situated, their spatial limits and their position in the 

landscape. In this study, a basic recording fonnat was adopted for this purpose, the 

aims of which were to obtain a rapid appraisal (10-30 minutes) of the types of 

archaeological materials present at a particular locality and their relationship to 

environmental variables (shown in Figure 4.1). This approach follows closely the 

summary recording procedures developed for studies at Olympic Dam in arid South 

Australia by Hiscock and Hughes (1983). 

Site fipes and components 

Using the summary recording format, archaeological materials were grouped into 11 

components. The recording of these components at any particular location was not 

mutually exclusive. That is, components were recorded either as· discrete sites or 

components within sites. The 11 components were: 
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Figure 4.1-Summary recording format used in recording sites during the site survey. 

SITE RECORDING SHEET 

Site Name _________ _ Study Area ___________ _ 

COMPONENTS 

1. general artefact scatter [ ] 2. quarry [ ] 3. knapping floor [ ] 4. cache [ ] 

5. hearth [ ] 6. engravings [ ] 7. paintings [ ] 8. stencils [ ] 9. abraded groove [ ] 

10. grinding patch [ ] 11. stone arrangement [ ] 

LOCATION 

AMG reference E Map sheets: 1:250,000 

N 1:50,000 

land system geology 

land unit dimensions mNSby mEW 

distance to nearest water m type 

STONE ARTEFACTS 

Average density < 1110m2 [ ] 1110- 111m2 [ ] 11m2 - 51m2 [ ] 51m2+ [ ] 

Max density < lll0m2 [ ] 1110- 111m2 [ ] 11m2 - 51m2 [ ] 51m2+ [ ] 

flake [ ] backed artefact [ ] tula slug [ ] grindstone [ ] 

retouched flake [ ] large blade [ ] tula [ ] upper [ ] 

core [ ] point [ ] hammerstone [ ] lower [ ] 

other 

Flake size <I em [ ] 1-2 em [ ] 3-6cm [ 7-9 em [ ] 10-12cm [ ] 13-15cm [ ] 15+ [ ] 

Core size < lcm [ ] 1-2 em [ ] 3-6cm [ 7-9cm [ ] I0-12cm [ ] 13-15em [ ] 15+ [ ] 

RAW MATERIALS 

chalcedony [ ] chert [ ] quartzite/silcrete [ ] quartzite [ ] sandstone [ ] 

other (s) ------ dominant type------

ORGANIC MATERIALS 

bone [ ] wooden artefacts [ ] charcoal [ ] plant materials [ ] other (s) ___ _ 
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-1. general artefact scatter 

2. knapping floor 

3. quarry 

4. cache 

5. hearth 

6. engravings 

7. paintings 

8. stencils 

9. abraded grooves 

10. grinding patch 

11. stone arrangement 

Components 1 to 4 are categories of artefact scatters. In addition to the quantitative 

criteria for differentiating artefact scatters from 'off-site' materials, outlined below, 

the following qualitative differences between categories of artefact scatters were 

recognised. 

1) A quan:y is a location where raw materials were acquired for stone artefact 

manufacture. Evidence of extraction of raw materials or processing in the immediate 

vicinity of a raw material source are essential for an artefact scatter to be defined as a 

quarry site. 

2) Knat1t1in~ floors are artefact scatters resulting from a single reduction event. To 

demonstrate this association generally requires flakes to be refitted to a core. 

However, it may also be possible to make the inference that artefacts are derived 

from the same event by the close proximity of flakes and other debris of similar size, 

type and reduction stage. 

3) A~ is a concealed artefact or group of artefacts. This definition requires the 

inference that materials were intentionally concealed (Hiscock 1988b:67). 

4) General artefact scatter covers all other types of surface scatters. This category 

may also include manuports, scattered remains of bone and other culturally relevant 
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organic materials, wooden artefacts and charcoal which were not recorded as 

components separate from general artefact scatters. 

The remaining components (5 to 11) were all recorded as features (non-portable 

artefacts) using the definitions outlined in Section 4.3 above. 

Using the definition of a site as containing one or more of the above components, 79 

individuals sites were recorded in the three study areas. The 79 sites, grouped into 

site types based on their components, are shown in Table 4.2. 

Table 1.2: Numbers of sites by type and association 

SETA 
Artefact scatter sites (n) 

general scatter (without art) (44) 
quarrylknapping floor (11) 

knapping floor only (3) 
artefact scatter/art site (13) 

Total (71) 

Site types . 

SETB 
Isolated features (n) 

hearth only (6) 
art site only (1) 

stone arrangement only (1) 

Total (8) 

Table 4.2 shows that most of the sites recorded in this study were either entirely 

composed of stone artefacts or were associated with scatters of these artefacts. There 

were, furthermore, no common associations between components outside the three 

categories of artefact scatters i.e. artefact scatters were present at all sites where there 

were two or more components. 

As shown in Table 4.2, it is possible to subdivide all sites recorded in this study into 

two sets: (A) artefact scatter sites and (B) isolated features. This distinction has 

implications for the way archaeological materials were recorded as sites in this study. 

Methods for recording stone artefact scatters (Set A) varied from methods for 

recording sites which did not contain stone artefacts (Set B). Only sites with artefact 

scatters were defined in terms of a stipulative definition of a site, that is, an artefact 

scatter site could not be comprised of a single artefact. A rock art site, on the other 

hand, could be comprised of a single motif. 
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Definin2 and recording artefact scatters 

The reasons for treating scatters of stone artefacts differently from other types of 

materials have been noted above but bear repeating here. Surface scatters of stone 

artefacts were the most abundant and widely distributed form of archaeological 

material recorded during the site survey. They are also commonly found in 

association with other types of archaeological materials. For this reason, surface 

flaked and ground stone artefacts are particularly well suited to the issues and 

problems raised by a regional landscape approach. 

It was apparent from the reconnaissance stage of the research that these scatters 

ranged from very small and diffuse to very large and dense, and were often 

associated with other categories of archaeological materials. While it was not 

considered practical to record all artefacts as sites, the need to collect information on 

small, low density scatters of artefacts was a priority in this study, given the nature of 

the research and its focus on land use, as opposed to previous studies in the region 

which had been directed exclusively toward the investigation of large, dense 

occupation sites. As a consequence, the size and density criteria defining whether a 

scatter would be recorded as a site were kept relatively low, so that small and diffuse 

sites would also be included. 

To be recorded as a site, a stone artefact scatter would have three characteristics: 

1) more than five artefacts within an area less than 100m
2 

2) a maximum artefact density greater than 1120m
2
, and 

3) more than 1 00 metres from the nearest scatter (otherwise two or more 

scatters would be considered a single site). 

The criteria used in this definition were arbitrary and selected partly for convenience. 

The choice of five artefacts over 1OOm allowed a distance measure to be easily 

converted to a density measure. To apply the definition, the recorder walked across 

the surface of the scatter in 1OOm long transects (measured by counting the number 

of paces). If more than five artefacts were seen along the transect, the scatter was 

defmed as a site. 
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To increase the accuracy and standardise the procedure, the ground surface inspected 

along each transect was one metre wide. Thus a transect of 1OOm represented an 

effective survey area of 100m2
• The same procedure was used to record the 

dimensions of a site. One transect was walked through the longest (north-south) axis 

of the site and one perpendicular to that axis (east-west dimension). The boundary of 

the site was recorded as the point along each axis where the density fell below one 

artefact per 20m2 
• 

Once defined as a site using the above criteria, the following characteristics were 

recorded 

1. Site dimensions 

Measured as the maximum north-south dimension (by counting paces) and 

the dimension at right angles to the longest axis (east-west dimension). 

2. Artefact density 

Classified into one of four average density classes (<1/10m2
, 1/10 - 111m2

, 

11m2 
- 5m2

, > 51m2
). Calculated by the distance walked/artefact count method 

described above. 

3. Artefact types 

The flaked and ground artefact types defined above (upper and lower not 

distinguished) counted as present or absent. 

4. Raw materials 

Silcrete/quartzite, chert, chalcedony (white chert) and sandstone, counted as 

present/absent 

5. Flake and core size 

Divided into 7 size classes (<lcm, 1-3cm, 3-6cm, 7-9cm, 10-12cm, 12-15cm, 

> 15cm). Same size ranges recorded for both flakes and cores (not mutually 

exclusive). 
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Summary 

This chapter described the basic types of archaeological materials recorded in this 

study and analysed them in a preliminary manner. From this analysis it was possible 

to identify specific associations between archaeological materials and define a 

method for recording these as sites. As the predominant class of archaeological 

materials, flaked stone artefacts provided ample scope for the construction of larger 

units (artefact scatter sites) based on their size, density and association with other 

types of archaeological materials. 

The definition of archaeological materials in this manner offers an efficient means of 

recording and classifying archaeological materials in the Palmer River catchment. 

Nonetheless, the methods by which materials grouped as 'sites' were identified and 

recorded in this study were judgemental and relied on the use of arbitrary criteria for 

the construction of larger units. These criteria determined which types of materials 

were included and excluded from the analysis and, ultimately, the types of 

interpretations which can be drawn from the data. 

In this study, the transect data provided a means for evaluating the information 

obtained through the site survey techniques. In contrast to the site survey, the transect 

survey employed random sampling procedures and artefacts were recorded as units 

of discovery. The following three chapters present and analyse the data obtained by 

the application of these two observational techniques. By comparing, contrasting and 

cross-referencing the two sets of archaeological variables, the information they 

provide is able to be assessed in terms of its utility for the study of archaeological 

landscapes. 
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CHAPTERS 

THE ARCHAEOLOGICAL RECORD OF SURF ACE ARTEFACTS 

5.1 Introduction 

This chapter examines the structure of the surface archaeological record in the 

Palmer River catchment. The data in this chapter are presented in two parts. The first 

describes the surface area, density and contents of the 71 surface artefact scatters 

recorded as sites. Two exceptionally large and complex surface scatters are described 

in some detail to provide examples of spatial patterning at the intra-site level. The 

second part presents and analyses the distributional (artefact-level) data from the 

transect survey, where the location of each artefact was plotted within the 60 sampled 

transects. 

By comparing the data recovered from a distributional approach with a site-based 

approach it is possible to assess their relative utility and potential bias. The two 

approaches provide a different perspective on the spatial structure of the 

archaeological record. However, both approaches record essentially the same types of 

materials - surface scatters of stone artefacts. Each approach therefore provides a 

check on the observations of the other. In the process, the results from this combined 

approach provide a more secure and comprehensive basis for describing and 

analysing the distribution of archaeological materials across the landscape in the 

chapters which follow. 

5.2 Site characteristics 

As shown in the previous chapter, surface artefact scatters were the most commonly 

recorded site type. Sites comprised entirely of stone artefacts and those containing 

associations of stone artefacts with other material made up over 90% of the sites 

recorded. Four types of artefact scatters were recognised: general scatters, 

quarry/knapping floors, artefact scatter/art sites and knapping floors only. Data from 

the recording of site dimensions and artefact density for each of the four categories 

are presented in Figure 5.1. 
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Proportion of sites within (A) surface area classes and (B) artefact density 
classes by Site Type (GS: general scatter, OK: quarry/knapping floor, KF: knapping floor only, 

AA: artefact scatter/art site) 
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It should be noted that the data presented in Figure 5.1 are the result of purposive 

sampling and are derived from rapid estimates rather than precise measurement of 

site attributes. It should be noted further that surface area and density are dependent 

on the arbitrary criteria used to define a site. Hence, the histograms in Figure 5.1 

compare scatters which fulfil these criteria, namely the more dense and discrete 

concentrations of artefacts. These criteria also affect the measurement of site 

boundaries and, as consequence, the calculation of mean artefact density across the 

site area. The transect (artefact level) data, which are analysed in the second part of 

the chapter, provide an independent means of assessing these criteria. 

Surface area and density 

The recording of site area and density enabled the following preliminary observations 

to be made about the sample of artefact scatter sites. 

1) A large proportion of the sites recorded were relatively small in surface area. 

When all categories of sites are combined, 41% of the sites have surface areas less 

than 1000m2
• Given the higher visibility and hence obtrusiveness of larger surface 

scatters, these fmdings are if anything likely to underestimate the true proportion of 

sites with small surface areas. 

2) Knapping floors and artefact scatter/art sites have a higher proportional 

representation in the small surface area category than do other site types. Knapping 

floors, where found away from quarry sites, were small and discretely bounded. 

Artefact scatter/art sites, on the other hand, tend to have both very small and 

moderately large to very large surface areas. 

3) Quarry/knapping floors and general artefact scatters, which are the most common 

type, are generally small to moderately small in area. The surface area of quarry sites 

is often a measure of the extent of the outcrop of rock which has been the focus of the 

stone-working activity. In most of the smaller quarry sites observed, the surface 

extent of the knapping debris was confined to the area on, or immediately adjacent 

to, the area of outcrop. In larger quarry sites, such as the largest of the quarry sites on 

Storm Creek (SC 1 ), discrete scatters were found up to 50 metres from the outcrop 

(Figure 5.2). 
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4) Knapping floors were consistently of high density. All knapping floors had a 

density of more than 5 artefacts/m2
• Quarry sites and general artefacts scatters rarely 

achieved similar densities sustained over the site area. Artefact scatter/art sites were 

generally of moderately high density but were not recorded in the very high density 

category. 

In summary, knapping floors were small and dense. Artefact scatter/art sites tended 

to be either small and dense or large and moderately dense. In contrast to knapping 

floors, general artefact scatters (without art) were small and diffuse. Similar 

dimensions were recorded on quarries which, in many cases, were made up of 

discrete clusters of knapping debris. Despite this, the density of quarry sites was 

generally lower than knapping floors, suggesting quite marked intrasite variations in 

the density of artefacts within this category. 

Differentiation within sites 

Sites can be characterised on the basis of the types of materials they contain, as well 

as their organisation within the site area. As outlined in Chapter 4, sites are defined 

in terms of the spatial association between site elements. These criteria determine 

firstly, whether artefacts are part of a site or not, and secondly, whether scatters are 

grouped together or recorded separately. Decisions of this nature are critical to the 

characterisation of the regional structure of the archaeological record and its 

interpretation as a record of human settlement patterns. 

In this study, a distance of lOOm was chosen as the criteria on which to group scatters 

and other site components. This distinction, though largely arbitrary, accommodates 

ethnographic observations of household spacing. Gould and Yellen (1987:82) for 

example recorded an average spacing of 36. 7m between hearths at ethnographic 

Western Desert campsites. However, to apply these ethnographic observations 

directly to the interpretation of the archaeological record, it must be assumed that the 

scatters or other components recorded within a given area are the result of 

'temporally discrete occupations' (Plog 1986:58). 

'Spatial congruence' is a term used by Dewar and McBride (1992:234) to describe 

the degree of overlap in a series of occupations. In sites with sequential occupation, 

116 



lack of spatial congruence will lead to the dispersal of materials across the surface, 

obscuring the identification of discrete occupation events or foci. For example, if a 

small band of hunter-gatherers were to return often to the same site but were to camp 

in a slightly different location on each visit, the resulting pattern of archaeological 

debris would be dispersed over a larger area which would be difficult to distinguish 

from a large single encampment. These complexities highlight the difficulty of 

interpreting the temporal relationship between materials from their surface 

distribution. 

Smaller and less differentiated scatters offer better prospects for interpretation in this 

respect. Knapping floors are a potentially unambiguous indicator of discrete 

occupation since they are, by definition, single-use loci. However, knapping floors 

were recognised as discrete sites on only three occasions during the site survey and 

once during the transect survey. 

Quarry sites provide another perspective on site spatial organisation. While discrete 

clusters were rarely found within general artefact scatters, quarry sites were often 

relatively structured in terms of the degree of spatial resolution able to be observed 

from the surface distribution of artefacts within the site area. 

Stonn Creek Quanylknawini floor complex 

To obtain an indication of the patterning of artefactual debris within quarry sites, a 

site with well-preserved structure was selected for more detailed study (Figure 5.2). 

Storm Creek Quarry (SCI) was the largest quarry recorded during the present survey, 

and is of comparable size to the larger silcrete/quartzite quarries recorded in the 

eastern James Range by Saggers (1984:115-116). The quarry is located along the 

crest of a subdued silcrete ridge which abuts the floodplain of Storm Creek. A low

lying depression at the eastern end of the ridge provided a possible source of water 

and attraction for game. 

Most of the site is geomorphically stable with very little sediment accumulated over 

it. The northern and eastern boundaries of the site lie along the floodplain/floodout 

margin and are likely to have been periodically inundated and covered with alluvium. 

Along the southern and western end of the site, the crest of the ridge is flat or very 

117 



gently-sloping with a thin veneer of sediment. The relatively stable context along the 

crest of the ridge makes it possible to analyse discard behaviour without the usual 

complicating effects of natural formation processes. 

Site boundaries were mapped using the criteria described in Chapter 4. A series of 

transects were walked across the site at 1Om intervals and a boundary point mapped 

where density fell below l/20m2
. A site datum was established and features mapped 

to the nearest metre. A total of 40 discrete clusters of knapping debris (termed 

knapping areas in Figure 5.2) were recorded within a more diffuse scatter which 

included a number of grindstone fragments and flakes derived from non-local chert 

and silcrete/quartzite sources. The site also shows evidence of the extraction of raw 

materials directly from the outcrop in the form of faceted boulders, complete 

Hertzian cones (bulb of force) and other impact fractures on bedrock. 

Knapping areas vary in size from 1m2 to 260m2
, and the numbers of artefacts per 

scatter from seven to over well over a thousand. Mean surface area was 25m2 with a 

mode of 6m2
• The reduction of a single piece of stone 'on the spot' is unlikely to 

account for scatters over 5m2 in area, suggesting that the larger scatters are likely to 

represent the outcome of several discrete knapping episodes. There were, however, 

indications that some of the larger scatters may have been the result of a single 

individual. For example, one knapping area 4 x 3m in size appeared to have a much 

higher proportion of flakes of above average elongation which suggested far greater 

consistency in knapping technique. 

As can be seen from Figure 5.2, knapping activity was focussed around the more 

subdued exposures along the crest of the ridge, although a very dense apron of debris 

spills onto the footslope at the eastern end of the ridge. Distance was calculated from 

the edge of each knapping area to its next nearest neighbour to provide an indication 

of the spacing of work areas. Mean spacing was 7 .9m with a standard deviation of 

1 0.3m. Clumping is evident in groups of between 3-6 knapping areas in close 

proximity (with nearest neighbour distances of 6m or less). This pattern of clustering 

may have formed initially by knappers moving across the site exploiting loose 

materials on the surface and, as these became exhausted, turning to the massive 

outcrops at the eastern end of the site. This inference is consistent with the 
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concentration of features at this end of the site showing repeated attempts to use 

mechanical impact to remove pieces of rock from the outcrop. Similar features occur 

less frequently along the northern edge of the site and are absent from the subdued 

ridge crest. 

The patterning of grindstones, retouched artefacts and non-local raw material types 

also reveals activity differentiation within the site area. These types were relatively 

few in number and confined largely to the southwest comer of the scatter, where the 

silcrete ridge abuts the sandplain. Two knapping areas were recorded in the same 

portion of the site, up to SOm from the outcrop. Both are sufficiently small and 

discrete to suggest individual knapping 'floors' resulting from a single knapping 

event. With these exceptions, most of the knapping appears to have taken place on, or 

immediately adjacent to, the raw material outcrops. It can be inferred from this 

patterning that the Storm Creek Quarry functioned both as a specialised work site 

(stone artefact quarry) and, at the southwest end, as a general occupation site where 

the two forms of occupation converged. 

Assembla2e diversity 

If particular types of artefacts are related to specific tasks, the number of artefact 

types present within a site can be used to give an indication of the range of activities 

that were carried out. Some researchers also consider the number of types present at a 

single locality to indicate length, frequency and period of occupation (Camilli 

1989:18, Plog 1986:51, Schlanger 1992:109-110, Yellen 1977:107). 

The number of classes of materials present within sites recorded during this study can 

be examined to provide a measure of site richness. For sites which are comprised 

partly or entirely of stone artefacts, it is possible to examine the relationship between 

the number of different types of archaeological materials and other characteristics of 

their artefact assemblages. In particular, it might be expected that there will be a 

close relationship between assemblage diversity and site surface area. Diversity is 

likely to increase with surface area if activities are structured in different areas within 

a single encampment or, as Yellen (1977:107) has noted, 'the longer an area is 

occupied, the greater the number of activities likely to occur and be repeated there'. 

However, if activities are not carried out in precisely the same location on each 
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successive visit (as may be expected unless occupation is spatially confined by 

environmental constraints, for example, in rockshelters) the resulting pattern of 

archaeological debris is likely to be spread over a larger area (Dewar and McBride 

1992:234). In this manner, the surface area of a site could also come to reflect length 

and frequency of occupation. 

The relationship between site richness and surface area for three of the four artefact 

scatter site types is shown in Figures 5.3 and 5.4. K.napping floors are excluded due 

to their small sample size and low expected diversity (a knapping floor is in this 

thesis, by definition, a single component). Two indices of diversity are used. Firstly, 

the number of artefact types (Figure 5.3) and secondly, the number of components 

(Figure 5.4). 

Figure 5.3 shows the relationship between the number of flaked and ground artefact 

types and surface area. The artefact classes are made up of the flaked stone and 

ground artefact types described in Chapter 4. Categories which are fragments or parts 

of other classes (grindstone fragments and flaked pieces) are combined as a single 

type with whole grindstones and flakes to avoid the possibility of breakage giving an 

impression of increased diversity. 

The scattergram plots in Figure 5.3 show a positive correlation between assemblage 

richness and surface area. This trend is generally consistent across site types but in 

defiance of the general trend, relatively diverse artefact assemblages were 

occasionally recorded on small surface area sites. The results in Figure 5.3 are also 

subject to the judgemental sampling bias of the site survey. Assemblage diversity is a 

factor known to be correlated with sample size (Kintigh 1989:25-27, Thomas 

1989:87). In judgemental surveys, such as the site survey component of this research, 

it is difficult to control for these effects. In general, the artefact scatter/art sites and 

quarry sites with the widest range of artefact types (Kulpi Mara, Irtikiri and Storm 

Creek Quarry) were those which were most thoroughly recorded. General artefact 

scatters form a larger sample and are less likely to be subject to these effects, 

suggesting that there is a general pattern of increased assemblage diversity in large 

surface area sites. 
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Multicomponent sites 

As discussed in the previous chapter different types of stone artefact scatters can be 

recorded in isolation or in association with other types of archaeological material. 

The surface and density characteristics of artefact scatter sites were examined earlier 

in this chapter as nominal variables. The relationships between site types, 

components and surface area can be examined more directly by plotting number of 

components against surface area as a continuous variable (Figure 5.4). 

The types of archaeological materials listed as 'components' were outlined in 

Chapter 4. It will be recalled that components more than lOOm distant were recorded 

as separate sites. In Chapter 4, there were 11 different types of materials which could 

be recorded as components. The scattergram plots in Figure 5.4. show the number of 

components recorded per site for general artefact scatters, quarry sites, and artefact 

scatter/art sites. As single component sites, knapping floors were excluded where 

isolated from other artefact scatters. 

Quarry sites (quarry/knapping floors) and artefact scatter/art sites both must by 

definition have at least two components. As shown in Figure 5.4, none of the quarries 

had more than three components (all were quarries/knapping floors associated with a 

general artefact scatter). The data for general artefact scatters also suggest a weak 

correlation between surface area and number of components. In contrast to the other 

site types, artefact scatter/art sites show a much stronger trend, most apparent in the 

three sites with more than four components which also have extensive artefact 

scatters. 

The combined data support the general conclusion that the regional archaeological 

record is made up of many small sites with one or two components. By comparison, 

there are few very large sites. Furthennore, the largest artefact scatters are also the 

richest sites. These results cannot be attributed to the survey or sampling techniques 

employed, which are likely to strongly favour the discovery of large and rich sites. In 

real terms, the proportion of large, multicomponent sites is probably somewhat less 

than are indicated by these results. 
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Kulpi Mara 

Kulpi Mara (meaning literally 'cave of hands' in Luritja) was the largest and most 

diverse site recorded in the study areas. The surface area of the site was much greater 

than any other site and it contained the largest number of site components. Test 

excavations were carried out in two parts of the site. Radiocarbon determinations 

from a rockshelter at the eastern end of the scatter subsequently revealed an 

archaeological sequence spanning 30,000 years (Chapter 8 of this thesis). 

Figure 5.5 shows the location and arrangement of components within the site area 

The numbering of the shelters follows the recording schemes used by W. Zukowski 

and R.G. Gunn. In focussing on the rock art, individual shelters were numbered 

separately as KM 1-4 7, while the open scatter was designated as KM 22. This 

scheme has been retained to enable the current research to be cross-referenced with 

previous work (reported in Gunn 1995b ). 

The scatter of stone artefacts extends for almost a kilometre over the gently sloping 

bench at the foot of the escarpment. Over 20 grindstones (plotted on Figure 5.5) were 

recorded on the surface. These occurred in clusters in the central part of the scatter 

though several were found individually in shelters and toward the scatter margin. No 

discrete knapping floors were seen across the extensive scatter of flaked stone 

artefacts. In comparison with the very structured arrangement of scatters and 

knapping floors within the Storm Creek Quarry assemblage, the Kulpi Mara scatter 

did not display any obvious internal patterning. 

The arrangement of components shows the most diverse clusters occur in the two 

largest rockshelters (KM 1 and KM 13) which appear to have acted as foci. Gunn 

(1995b:87) has shown a similar positive relationship between shelter size (longest 

axis and floor area) and number of motifs. Stencils and flaked stone artefacts both 

have wide distributions compared with other components with some notable 

differences in their patterning. Stencils continue along an almost uninterrupted 2km 

section of escarpment, extending beyond the limits of the stone artefact scatter 

(defined as having a density greater than 1!20m2
). While stone artefacts occur at 

lower densities beyond this, 12 of the 36 shelters with art shown in Figure 5.5 did not 
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contain stone artefacts (or indeed other components) revealing a degree of 

independence in the stencil distribution. 

It is possible to see from these results how, in highly clustered distributions, diverse 

assemblages can be recorded in small surface areas. This is particularly true of the 

two rockshelters with six components, each of which alone contained more 

components than any other site recorded during the study. The excavated rockshelter 

{KM13) was also exceptional in producing the longest sequence of occupation, 

reinforcing the possibility of a relationship between diversity and age. 

5.3 Characterising artefact distributions 

The transect survey of the three study areas produced a total of 411 artefacts. This 

can be divided by the total area surveyed to provide a total density figure for the three 

survey areas of one artefact/145m2 or one for every 145m walked along a transect. 

This gives an average density of prehistoric stone artefacts on the surface of around 
2 7,000/km. 

Methodolo~ical considerations 

There is a range of sophisticated inferential statistical techniques which can be 

applied to the study of spatial patterning. The complexity of these techniques make 

their application less than effective in some situations and misleading in others (see 

Shennan 1990 and Cowgill 1994 for a general discussion, Stark and Young 1981 :289 

on nearest neighbour, and Hodder and Orton 1989:34-36 on mean/variance ratio and 

index of dispersion). 

Because clustering in the data generally violates the assumption of normality, the 

study of clustered patterns poses problems for the reliability and precision of 

parameter estimates (Shennan 1990:324, Wilson and Melnick 1990:404). Large 

sample sizes are required to accept these measures with any confidence (Thomas 

1979:70, Shennan 1990:320). Any systematic bias in the shape of clusters in relation 

to the orientation of transects will further invalidate the significance of the estimate 

(Westman 1971:457). In recognising these problems, Doran and Hodson (1975:151) 

note that analysis of spatial patterns 'requires sophisticated numerical procedures 
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before-judgement by eye can be bettered'. Spurling and Hayden (1984:224-225) have 

made similar observations. 

Rather than applying a barrage of complex statistics, this study examines the spatial 

distribution of artefacts through the application of a range of descriptive techniques. 

The empirical patterning apparent in the data is compared with the theoretical notions 

of clustering used in this thesis to define an archaeological site and the characteristics 

of the sample of 'sites' (described above) obtained by employing these notions. 

Using this approach, the results of the transect survey can provide a means of 

assessing the criteria used to define, identify and record archaeological sites outside 

the probability sample. As well as providing a control sample for the data generated 

by the site survey, these results contribute to the broader issue of what constitutes a 

site (see Plog et al. 1978 and Gallant 1986 for a thorough discussion of the 

importance of this issue in archaeological survey methodology). 

Between transects 

Variations in artefact density between transects were marked. Figure 5.6 shows the 

frequency distribution of artefact counts for the 60 survey transects. The positively 

skewed distribution shows that artefacts are not uniformly spread through the 

landscape. The mean number of artefacts per transect was 6.85 per 1000m2
, however, 

only 26% of the total number of transects had greater than 5 artefacts (n=16). 

The relatively high proportion of transects on which no artefacts were recorded 

(n=24, 40%) also indicates that artefacts are not uniformly spread across the 

landscape. While these data do not necessarily indicate the complete absence of 

artefacts in those areas, a one kilometre transect without artefacts constitutes a low 

density relative to the mean of one artefact per 146m. 

In a similar way, very high artefact density on several transects suggest artefacts are 

clustered within the surveyed transects. In Gallant's (1986:416) sampling of the 

surface artefact distributions on islands off the coast of Greece, two standard 

deviations above the mean were used to provide a 'density index' from which he 

selected units of high density for further investigation and sampling. In this study, the 

standard deviation for the mean (6.85) number of artefacts/transect was 13.1 
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artefacts. Using Gallant's density index, there would need to be over 26 artefacts per 

transect to constitute a high density unit. This occurred in 10% (n=6) of the total 

number of 60 transects. 

Within transects 

The use of standardised sampling units (in this case 1 km long transects) provide data 

of fixed scale. It is possible to go further by using the data assembled on the 

distribution of artefacts within the 60 sampled transects. The survey techniques used 

in this study allowed information to be gathered on the distance between 

'neighbours'. In the course of surveying the 60 transects, the location of each artefact 

was plotted as a distance (in metres) from the start of a transect. As a consequence, 

the distribution of artefacts is able to be analysed as points in a one-dimensional 

linear array. These data are used firstly, to examine the spacing between artefacts and 

secondly, to vary the size of analytical units to examine the patterning of artefact 

distribution at different spatial scales. 

Spacin~ between artefacts 

The frequency distribution of the intervals between consecutive artefacts along 

transects are shown as a histogram in Figure 5.7. Transects with less than two 

artefacts are excluded (n=31), resulting in a lower mean spacing between artefacts 

(34.8m, standard deviation 96.2) for the remaining 29 transects than the mean of 

145m obtained for the complete sample of 60 transects. However, the distribution is 

again positively skewed revealing a tendency for artefacts to cluster within a few 

metres. The number of intervals less than 3m (n=205) indicates that more than half of 

the artefacts recorded were within a few metres of at least one other artefact (n=l16, 

28.2% within 1m). 

While this reveals a degree of clustering, the data which make up the sample shown 

in the first histogram in Figure 5.7 are derived largely from transects with very high 

artefact density. It was noted above that there were only six transects with artefact 

density twice the standard deviation of the mean and, as would be expected, these 

contained a high proportion (n=251, 61%) of the total number of artefacts recorded. 

In the second histogram in Figure 5.7, the six high density transects are extracted and 
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compared with the remaining 23 transects of moderate density (ie those with between 

2 and 26 artefacts). 

The results of this analysis suggest a stronger tendency for artefacts to cluster at 

closely-spaced intervals ( <50m) along the denser transects. Transects with high 

density also have fewer gaps of 1OOm or more. This could be taken to indicate that 

artefacts are more evenly spread, rather than more clustered, along transects of higher 

density. The data for individual transects suggest a more complex and varied pattern 

within the data shown in Figure 5.7(b). 

For example, on one of the dense transects in Study Area 1 (Transect 12), there were 

no breaks on the first 800m of the transect greater than 1OOm without artefacts. This 

was an exceptional case, with the five remaining 'dense' transects, each having two 

or more intervals of 1OOm with no artefacts at some point along the transect. Transect 

5 in Study Area 1, a moderate density transect, was also exceptional in having 17 

artefacts in the space of a metre and only four artefacts along the remainder of the 

1km long transect. The very dense clustering on Transect 5 was the result of a single 

discrete knapping floor. As noted in the previous chapter (Table 4.2), small dense 

scatters of this type are relatively uncommon. General artefact scatters, as shown by 

the data derived from the site survey (Figure 5.1), were more commonly small in area 

and diffuse, a result which is consistent with the general pattern revealed by the 

transect data. 

Overall, the shape of the histogram of intervals between artefacts is similar on both 

dense and moderate transects (Figure 5.7b). In both cases, the modal distance 

between neighbours was one metre or less. This pattern shows a stronger trend for 

artefacts on dense transects to cluster at small scales, i.e. less than a metre, although 

the direction of the trend is similar. Given the suggestion that effects of formation 

processes will tend to be registered at lower spatial scales (Foley 1981 : 170), these 

results have potential implications for the nature of formation processes, which are 

examined in Chapter 7 of this thesis. 

Effects of scale on clusterin~ 

To further quantify the level and scale of clustering beyond immediate neighbouring 
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artefacts requires breakdown of the transects into units of smaller size; In clustered 

distributions, point density varies with sample unit size (Hairston et al. 1971:338, 

Hodder and Orton 1989:37). This observation has implications for the grouping of 

artefacts into larger aggregates (artefact scatter sites) and the measurement of their 

density and dimensions. 

In any distribution, the scale of clustering which can be recognised depends on the 

size of the sample units. On long transects, dense and small clusters, such as a 

knapping floors, will produce similar density values to large and diffuse scatters 

containing the same number of artefacts. Conversely, on small transects, small 

diffuse scatters produce density values similar to more extensive artefact scatters 

with internal patterning. 

By varying the length of the transects, it is possible to produce different density 

values for the same distribution. Density will remain constant while transect length is 

less than the dimensions of clusters, although the number of artefacts will increase as 

transect length approaches cluster length. When transect length exceeds cluster 

dimensions, the number of artefacts will continue to increase but density, as 

measured by the number of artefacts per transect, will decrease. The rate of decrease 

will depend on the boundary definition of the cluster and the amount of 'background 

noise' in the distribution. 

Following from the previous observations, for any set of transects, the number of 

clusters which can be recognised will depend on the transect length. Short transects 

will obscure larger and more diffuse clusters, while on longer transects, small, well

bounded aggregates will merge to form 'superclusters' (Dunnell1992:31). 

These observations can be used to investigate cluster size in a sampled distribution 

by varying the length of transects and tabulating the number of clusters produced by 

each transect length as a frequency distribution (Table 5.1). For the purposes of this 

study, transects lengths were varied by doubling their size over a scale from 1 to 

51 2m, each increase representing a power of two. To apply this scale to the original 

transect data, only the first 51 2m of each 1km transect were included in the analysis. 

The generated samples of 'nested' transects were placed end to end over the 60 x 
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Table §.1 Frequency distribution of number of artefacts for transects of varying size. 

Le:t1glh o.(_tmns.ect (met!:§.sJ 

Artefacts (n) 1 2 4 8 16 32 64 128 256 512 

1 132 116 89 72 63 46 40 23 18 11 
2 24 27 21 21 21 17 11 7 8 6 
3 7 6 9 5 3 7 6 6 1 0 
4 5 7 5 6 7 5 5 5 4 2 
5 1 0 5 3 4 4 3 3 2 1 
6 0 1 1 3 3 5 2 1 2 0 
7 1 0 0 2 0 0 2 1 3 2 
8 0 0 1 2 0 0 1 2 0 1 
9 0 0 0 0 0 0 1 2 1 1 
10 0 0 0 0 0 0 0 1 0 0 
11 0 1 0 0 0 0 0 1 0 1 
12 0 0 1 1 1 1 0 0 0 0 
13 0 0 0 0 1 0 0 0 0 0 
14 0 0 0 0 1 1 0 0 1 1 
15 0 0 0 0 1 0 0 0 1 0 
16 0 0 0 0 0 2 2 0 0 0 
17 1 1 1 1 1 1 2 2 1 1 
18 0 0 0 0 0 0 0 1 1 0 
19 0 0 0 0 0 0 0 0 0 0 
20 0 0 0 0 0 0 0 0 0 1 
20+ 0 0 0 0 0 0 2 1 3 4 
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512m units. 

It should be noted that the data in Table 5.1 provide only an indication of relative 

cluster size because one-dimensional transects will underestimate the true number of 

artefacts if they are distributed in elliptical scatters (Sundstrom 1993:92). The results 

assume, furthermore, no systematic bias in the shape of the clusters relative to 

transect alignment (Westman 1971:529). Despite these caveats, variations in the 

shape of the frequency distribution are striking enough to suggest patterning in the 

clustering of artefacts at different scales. 

At small scales (transect lengths of 1 to 8m) there is a tendency for artefacts to cluster 

in groups of less than 7 artefacts, with few dense clusters between 10 and 20 

artefacts. The effect of the small dense knapping floor on Transect 5 (Study Area 1) 

with 17 artefacts in the space of a metre can be clearly seen. With this exception, the 

numbers of artefacts per transect remains below 15 over scales from 1 to Sm. In each 

case, moving to the next larger transect length does not significantly alter the 

patterning. Shifting the scale from 8 to 16m, forms two distinct groups with cluster 

sizes of 1-5 and 10-20 artefacts and nothing between. At transect sizes of 64m and 

above, a third class emerges with more than 20 artefacts per transect. 

It is also apparent that, although the proportion of isolated artefacts (transects with 1 

artefact) is higher in the smaller sample unit sizes, there were nonetheless 11 cases of 

single artefacts occurring at transect length of 512m. Considering, in addition, that 

there were 9 transects at the original transect scale of 1 OOOm with only 1 artefact, 

there are indications of an underlying and highly dispersed element to the surface 

distribution of artefacts. 

Clusterin~ and site reco~nition 

The composite patterns indicated by the foregoing analysis suggest several levels of 

clustering within the surface distribution. This complex of patterns cannot be defined 

at any single scale. It is not difficult, under these conditions, to recognise discrete 

scatters which could be defmed as 'sites'. The difficulty comes in differentiating 

'sites' from other forms of archaeological distribution ('non-sites'). For example, 
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given .a sufficiently large sample unit, even very sparse 'isolated' artefacts could be 

combined to fonn an aggregate and qualify as a site. 

During the site survey carried out for this study, to qualify as a site a scatter of 

artefacts required the criteria of both a density of 1120m2 and more than five 

artefacts. By applying this definition to the transect data, a total of 22 clusters of 

artefacts ('sites') would have been recorded. Expressed as a proportion, 79.6% of the 

sample of artefacts recorded were within 100 metres of at least 5 other artefacts, 

while around 20% of the total population would have been excluded by the site 

definition (ie 'non-sites'). 

Though it may be possible to recognise discrete artefact scatters at different scales, 

the criteria used to define a site rely on a single arbitrary scale of observation. 

Dunnell (1992:31) investigates the possibility of an optimum level of clustering for 

the purposes of site definition. An optimum definition is described as one which 

produces the maximum number of clusters. For example, applying a density criteria 

of l/100m to one of the transects in the Study Area (Transect 12) would have made 

the entire transect a site. Increasing the density to 2/1 OOm would have broken the 

transect into 2 aggregates, while at a density of 3/1 OOm there would have been four 

discrete concentrations (in this analysis, a 'site' is treated as a one-dimensional linear 

array). This example shows, as Dunnell (1992:31) has argued, that varying thresholds 

produce clustering at different scales. 

As noted above, longer transects will generally incorporate smaller scatters into 

larger ones, with a reduced artefact density. Reducing the artefact density criteria in 

site definition will have similar effects. Increasing artefact density will have the 

opposite effect. Cluster size will tend to be smaller as higher density criteria tighten 

the boundaries of large clusters and remove isolates. The greater the number of 

isolates, the greater the background noise, or what is often called 'off-site' or 

'background' scatter (Foley 1981:166, Hiscock 1991:155). The definition of such 

material and its treatment as distinct from higher density occurrences of artefacts can 

be seen, therefore, to be arbitrary. 
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5.4 Sites versus artefacts: an evaluation 

Having analysed the data produced by the site and transect surveys at a basic level, it 

is now possible to return to the question, posed earlier, of their ability to contribute to 

the study of an archaeological landscape. 

Saroplin~ techniques 

The two survey techniques generated different types of data which bear on the 

relative effectiveness of systematic unaligned and judgemental techniques. A much 

wider range of archaeological materials were recorded during the site survey which 

applied a judgemental sampling strategy. By comparison, the material located during 

the transect survey was restricted almost entirely to flaked and ground stone artefacts 

(with the exception of one hearth). A general conclusion which can be drawn is that 

random systematic transect sampling techniques will tend to produce typical rather 

than exceptional types. 

The application of the site definition used in the site survey to the transect data 

indicate that judgemental techniques were more effective in locating both the higher 

density and more diverse assemblages. The absence of such assemblages from the 

transect data indicate that there are few high density, large surface area, 

multicomponent sites within the study areas. Because of their rarity, such sites are 

unlikely to be intersected by transects selected by the use of random systematic 

techniques unless the sampling fraction is much higher than that applied in the 

current research. The results presented here indicate that these rare cases may be 

passed over unless the sampling fraction is sufficiently large, resulting in an 

incomplete and biased sample. While this could be argued to support the need for 

high sampling fraction, in this study, an increase in the number of transects would 

not have been a particularly effective use of available time and resources. Rather, a 

combination of random, systematic and judgemental techniques proved to be the 

most effective and economical approach for obtaining a sample of both the 

representative and exceptional types, given the scope of the research. 
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Multiple versus single components 

Another way of dealing with the problem outlined above would be to eschew 

analysis of large multi component and uncommon sites and focus instead on the more 

typical small single component ones. The argument for identification of separate 

components corresponding with 'temporally discrete occupation events' is certainly 

compelling (e.g. Sullivan 1992:111). Some researchers have posited a relationship 

between surface area, assemblage diversity and occupation history, suggesting that 

sites representing multiple occupation will generally have larger surface areas and 

more diverse assemblages (e.g. Camilli 1989:18, Yellen 1977:107). 

This relationship was generally supported by the site data. The category of knapping 

floors, ie discrete areas of debris from reduction of a single block of stone, are 

suitable markers of short-term, single occupation events. Knapping floors were often 

found in quarry sites with well-preserved structure though rarely in the context of 

general scatters. While it is often possible to identify knapping floors as single 

components in quarry sites, the interpretation of their temporal relationship with 

other materials, as illustrated by the example of the Storm Creek Quarry, remains less 

than straightforward. 

Similar issues were encountered during the Olympic Dam environmental impact 

survey (Kinhill Stearns Roger 1982:20), where it was noted that 

Such [dune] sites commonly cover very large areas (tens of 
thousands of metres) and are characterised by numerous distinct 
activity areas, such as quarried outcrops of rock and knapping 
floors set in a relatively dense background scatter of artefacts. 
Compared with the more precisely defined and smaller sites in 
dune blowouts, such sites are probably best seen as site 
complexes. 

In this study, quarry sites were all located at distances over a kilometre from the 

largest (most extensive) surface scatters. In contrast to quarries, the internal 

organisation of general scatters was difficult to recognise. In such situations it is 

difficult to determine whether small and diffuse scatters are the result of single 

occupations or infrequent re-occupation. The effects of geomorphic processes must 
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also be considered before accepting any behavioural interpretations based on the 

patterning of materials on the surface. 

Leaving the question of geomorphic formation aside momentarily (see Chapter 7 for 

analysis of these factors), the sample of artefact scatters forms two distinct groups. 

Very large scatters which are often associated with other types of archaeological 

material, of which there are few, and small scatters which consist almost entirely of 

stone artefacts, of which there are many. This pattern is most apparent in Study Area 

1 (Storm Creek) where the largest scatters are also the richest sites in terms of the 

number of components. It can be inferred from this that different occupation histories 

are represented in the two groups of sites. The smaller sites indicate sparser and/or 

more infrequent occupation while the larger scatters show clear evidence of multiple 

occupation. 

While it may be possible on occasions to identify single occupations such as 

knapping floors, a pattern of sequential and partially overlying occupations 

(palimpsests) is probably a closer representation of the regional distribution. The 

scale of analysis is critical to how this patterning is perceived. Certain 'sites' may 

represent single use while others reveal long-term focussed occupation in confined 

areas (such as the diverse array of components located in the two Kulpi Mara 

rockshelters in Figure 5.5). Between these extremes there is an abundant category of 

scatters which are likely to represent, at varying scales, more dispersed use of the 

landscape. For hunter-gatherer settlement patterns which operate on a regional scale 

and show evidence of accumulated use over a period of time (as indicated by the data 

presented in this chapter from the Palmer River catchment), the archaeological record 

is best considered to be a sequence of overlapping distributions rather than a series of 

discrete 'sites' bounded in space and time. 

Quantities versus types 

In many cases during the site survey it was possible to recognise discrete 'artefact 

scatters' with the naked eye. These observations were confirmed in 71 cases by the 

application of a stipulative site definition based on artefact density and site surface 

area. 
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Though sites can be recognised using these criteria, there are problems in accepting 

the sample uncritically. Plog et al. (1978:387) warn that applying a stipulative 

definition may '... result in systematic exclusion of significant components of the 

archaeological record'. Site surveys must be recognised for what they are; strategies 

for sampling relatively dense nodes of archaeological material from within the 

overall artefact distribution. While they are effective in generating a sample of rare 

types, the representativeness of the sample remains questionable unless compared 

with the results of less biased sampling techniques. 

In this study, the results of the transect survey provide a control sample for assessing 

the validity of the site definition. The proportion of artefacts along transects which 

would have been recorded as sites using the same criteria (80%) suggest that the 

stipulative definition used in the site survey would have not have excluded a 

substantial component of the surface artefact distribution. Nonetheless, the analysis 

of artefact interval spacing along transects suggests a dispersed component to the 

artefact distribution which would not have been incorporated within the site sample. 

The classification of artefacts into larger assemblages ('sites') has traditionally been 

used to define assemblages for analysis. In settlement pattern analysis, sites are 

classified in order to compare frequency patterns within regions or landscapes (e.g. 

Veth 1993). In central Australia, the selection of sites for more detailed analysis or 

excavation has often assumed that assemblages represent particular types of 

occupation, eg 'habitation base camps' (Gould 1978:122) or 'areas identified in 

ethnography as important foci of settlement' (Smith 1988:72). 

Classification of sites in this manner has little empirical (archaeological) basis. In 

analysing the radiocarbon chronologies of 'sites known to be used during large 

ceremonial gatherings', Smith (1988:291) draws the conclusion that an increase in 

ceremonial activity in central Australia lagged behind changes in population and land 

use as indicated by other (presumably non-ceremonial sites) elsewhere in the region. 

Such interpretations, whilst intriguing, cannot be rigorously tested without an explicit 

archaeological definition of the categories used to select assemblages for comparison. 

The empirical basis of sites selected for further analysis can be extended by 

139 



examining sites as quantities rather than things ( cf. Dunnell 1992:26). The use of 

explicit criteria, such as a density-based definition of a site, enable the data recovered 

during a site survey to replicated. That is to say, the definition of artefact scatter sites 

in explicit and quantitative terms has greater scientific reliability than techniques 

which rely on inference. 

These observations reinforce the usefulness of sites as empirical units if not 

analytical ones. To be valuable as an analytical concept, a site must be able to 

accurately measure what it is intended to measure. A sample of sites, once defmed, 

does not necessarily reflect the settlements patterns of prehistoric occupants in any 

direct way. The question of the validity of the site concept is discussed in more detail 

in following chapters which examine the factors accounting for the surface 

distribution of archaeological materials. 

Siteless conception of the archaeoloiical record? 

Combining the above arguments, the relative benefits of non-site versus traditional 

site surveys can be addressed. Some, e.g. Dunnell (1992:33), have argued strongly 

for a siteless approach to survey and analysis. Siteless surveys will generally provide 

a more representative and statistically valid sample of the surface artefact 

distribution. They do not rely on assumptions or inferences about the nature of 'sites' 

in order to group assemblages for comparison. In the face of sustained and often 

valid criticism of site-based approaches there is always the danger of accepting non

site approaches uncritically. 

In site surveys, the site becomes the basis for grouping of artefacts into larger 

aggregates (assemblages). These aggregates are then used to compare frequencies of 

artefact attributes or types (e.g. Veth 1993:89-101). While the arguments against this 

approach are often sound (e.g. Holdaway 1995a, 1995b), the use of artefacts sampled 

through 'non-site' procedures pose their own set of sampling problems. 

In non-site approaches which use transects or quadrats as units of observation (e.g. 

Thomas 1979, Robbins 1993), the arbitrary sampling units define the assemblage 

rather than the site. Grouping assemblages on this basis carries with it assumptions 
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about -the level and scale of clustering. In a highly clustered distribution, a poor 

match between cluster size and sample unit could result in only a portion of an 

artefact concentration falling within a unit. In situations where the boundary of 

artefact scatters is well-defined, a more logical approach is one which uses the scatter 

itself as the basis for further recording and analysis of its contents, rather than one 

which intersects the cluster in some arbitrary or, even worse, systematically biased 

way. 

Some sophisticated techniques have been developed to deal with these problems 

within the context of a non-site approach. The 'high density relative to overall 

distribution' is one attempt to rigorously define assemblages for further analysis 

(Gallant 1986:416). In this procedure, the results of a controlled probability sample 

are analysed to identify highs and lows in the artefact distribution. Sample units of 

high density are treated as assemblages for further recording and analysis. 

Distributional techniques provide another possible solution to the problem of 

assemblage definition. By plotting their individual locations within sampling units, 

artefacts can be grouped together to form larger aggregates based on their spatial 

distribution and relationship to other environmental phenomena (Wandsnider and 

Camilli 1992, Holdaway et al. 1998). 

Nonetheless, to the extent that such approaches use sampling, they rely on inferences 

regarding the surface distribution of artefacts and the scale of clustering. It is difficult 

to avoid sampling issues at regional scale, where the numbers of artefacts usually 

precludes complete mapping of individual artefacts over the entire region. The use of 

traditional site survey techniques provides a rapid and cost-efficient method of 

recording artefact scatters at regional scale, which is likely to see continued use of 

the method in both management and research. 

These observations suggest that no single method would be sufficient to characterise 

the surface distribution of artefacts and to account for its formation. Together, the 

non-site and site-based approaches provide a means of cross-checking each other for 

inaccuracies and potential biases. Even Dunnell (1992:30,36), who advocates the 

complete abandonment of the site concept, realises the need for a pragmatic 

recognition of larger aggregates than artefacts. Problems arise when these aggregates 
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are treated as entities rather than constructs. Provided the rare or dense 

concentrations of artefacts are examined in the context of an overall distribution, 

many of the problems facing traditional site surveys can be overcome, or at least 

recognised and accounted for. 

In summary, this chapter has compared a non-site approach which used artefacts as 

observational and analytical units with a site-based approach. In each case, the 

possibilities and limits of interpretation were examined. Despite their limitations, 

both approaches provided insight into the nature of variation in the archaeological 

record of surface artefacts. The following two chapters extend these observations by 

examining the manner in which the surface distribution is influenced by changes in 

the landscape. 
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CHAPTER6 

THE DISTRIBUTION OF ARCHAEOLOGICAL MATERIALS ACROSS THE 
LANDSCAPE 

6.1 Introduction 

The previous chapter examined the way in which the surface distribution of 

archaeological material varies. This chapter examines a range of environmental 

factors, derived in part from previous settlement models, which are held to account 

for variation in the nature and distribution of surface materials. 

The analysis of these factors is organised around the comparison of archaeological 

materials between study areas, land systems and land units. The three study areas -

Storm Creek, Ilara Creek and Middleton Ponds - are used to examine differences in 

settlement pattern across varying conditions of water permanency. In addition, study 

areas, land systems and land units are compared to highlight variation in the 

archaeological record at different scales. 

6.2 Comparison of surface artefact density 

Re.presentativeness 

One of the major aims of the sampling strategy was to apply a systematic unaligned 

sampling method to three distinctive environments within the Palmer River 

catchment, represented by the three study areas (Storm Creek, Illara Creek and 

Middleton Ponds). The systematic unaligned sample aimed to provide a spatially 

representative sample from within these ten by ten kilometre square areas. By 

distributing transects evenly and randomly through the study areas, it was expected 

that the systematic unaligned sample would also adequately sample variation in the 

landscape at smaller scales. The extent to which this was achieved can be assessed 

from the data provided in Table 6.1 and the overlay of transects on aerial 

photography shown in Figures 6.1 to 6.3. 

The representativeness of the transect sample can be assessed at two levels. First, in 

terms of the array of land units and land systems included in the sample and the 
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Table ~.1: Representation of land systems and land units in the transect sample. 

a) Land systems 

Land system Area surveyed 
(m2) 

No.* % Coverage Bias 

Krichauff 8680 35 14.5 good low 
Gillen-1 6250 23 10.45 good low 
Sonder 6320 13 10.6 good moderate 
Middleton-1 3015 14 5.0 fair moderate 
Gillen-2 13690 78 22.9 good low 
Middleton-2 2550 10 4.3 poor moderate 
Finke 6840 25 11.4 good low 
Simpson 7355 23 12.3 good low 
Singleton 5100 11 8.5 fair moderate 

b) Land units 

Land units Area surveyed 
(m2) 

No.* % Coverage Bias 

crest 2030 10 3.4 poor moderate 
upper slope 19085 58 31.9 good low 
lower slope 6010 33 10.0 good low 
bench 1700 5 2.8 poor high 
plain 17450 45 29.2 good low 
stream terrace 4630 31 7.7 fair low 
stream bed 980 21 1.6 poor low 
pediment 200 4 0.3 poor high 
dune 1680 11 2.8 poor moderate 
swale 6035 14 10.0 good moderate 

*number of transect intersections 
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Kr KRICHAUFF - Bold sandstone plateau 0 General artefact scatter 

Gi-2 GILLEN 2 - Foothills, ridges and alluvial plains 6 Artefact scatter/art site 

So SONDER - Bold sandstone and quartzite ranges 0 Quarry/knapping floor 
Si SIMPSON - Spinifex-covered dunes 0 Knapping floor only 
Fi FINKE- Alluvial plains and floodouts adjacent to major rivers 

Vertical bars=transects 

Figure 6.1 
Land systems, archaeological transects and artefact scatter sites in Study Area 1 (Storm Creek). Compiled 

from 1982 aerial photography (1 :50,000). Land systems after Perry eta/. (1962) and Shaw and Bastin (n .d.). 
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Kr KRICHAUFF - Bold sandstone plateau 0 General artefact scatter 

Gi-1 GILLEN 1 -High sandstone ranges 1::::.. Artefact scatter/art site 

Gi-2 GILLEN 2 - Foothills, ridges and alluvial plains D Quarry/knapping floor 

So SONDER- Bold sandstone and quartzite ranges 0 Knapping floor only 
Si SIMPSON - Spinifex-covered dunes 

Vertical bars=transects 
Sn SINGLETON - Spinifex sand plains 

Fi FINKE -Alluvial plains and floodouts adjacent to major rivers 

Figure 6.2 

Land systems, archaeological transects and artefact scatter sites in Study Area 2 (lllara Creek). Compiled 
from 1982 aerial photography (1 :50,000). Land systems after Perry eta/. (1962) and Shaw and Bastin (n .d.). 
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Mi-1 MIDDLETON 1 - Sandstone uplands 

Mi-2 MIDDLETON 2 - Foothills, ridges and alluvial plains 

Si SIMPSON - Spinifex-covered dunes 

Sn SINGLETON- Spinifex sand plains 

Fi FINKE- Alluvial plains and floodouts adjacent to major rivers 

Figure 6.3 

0 General artefact scatter 

A Artefact scatter/art site 

Vertical bars = transects 

Land systems, archaeological transects and artefact scatter sites in Study Area 3 (Middleton Ponds). Compiled 
from 1982 aerial photography (1 :50,000). Land systems after Perry eta/. (1962) and Shaw and Bastin (n.d.). 
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extent· to which they adequately reflect those present within the catchment as a 

whole. Second, in terms of whether the samples encompass the range of variation 

within each type of environmental unit. 

Table 6.1 divides the sample generated by the transect survey into land systems and 

land units. The data show the extent to which particular environmental units are 

represented in the sample. The data reveal that land systems described by Perry et al. 

(1962) are relatively evenly covered. Although the broad scale of these mapping 

units make it difficult to quantify their proportional representation, all of the major 

land systems of the Palmer River catchment mapped by Perry et a/. (1962) are 

represented. 

Further, the data in Table 6.1 can be used to assess the extent to which the transect 

sample adequately represents the variation within land systems and units. Details of 

coverage (area surveyed) and sample size (number of transect intersections) provide a 

means of evaluating potential bias in the samples representing each of the land 

systems and land units. The three categories of bias - high, moderate and low - define 

the likelihood that sampling has been sufficient to encompass variation within each 

environmental unit. 

The data in Table 6.1 show that while some environmental units received better 

coverage and were sampled more frequently than others, potential bias was 

considered to be high in only two land units - pediments and benches. In several 

cases, larger sample size reduced the potential bias resulting from low coverage. This 

applied particularly to land units such as stream beds (Unit 7) with narrow or 

restricted distribution. Despite the fact that stream beds formed only a small 

proportion of the total survey area, the number of time streams were crossed was 

quite high (n=21). Consequently, the data can be considered to have low bias. By 

comparison, benches and pediments were infrequently crossed by the transects and 

constituted only a small proportion of the survey area. For these units, the transect 

survey cannot be considered to have provided an adequate sample sufficient to 

characterise their archaeological patterning. Where bias was assessed as high to 

moderate, the limitations of the sample were taken into account in the analysis of 

artefact density. 
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Study Areas 

Study areas were selected to highlight differences in water availability. In particular 

Study Area 1 (Storm Creek) and Study Area 2 (Illara Creek) were selected to enable 

relatively controlled comparison of the variable of water permanency (see discussion 

of sampling procedures Chapter 3). A comparison of artefact counts and densities in 

the three study areas is shown in Table 6.2. 

Table 6.2: Numbers of artefacts recorded by Study Area (transect survey). 

Number of artefacts 
Artefact density* 

1. Storm Creek 

237 
1/84.4m2 

• Artefacts/area surveyed (20,000m2 for each study area) 

Study A.rt!IIS 

2. /lara Creelc 

147 
1/136.1m2 

3. Middleton Ponds 

Contrary to expectation, the study area with the most permanent water, Study Area 2 

(Illara Creek), had less than two thirds (62%) the quantity of artefacts of Study Area 

1 (Storm Creek), where water supplies are of an ephemeral or, at best, semi

permanent nature. 

These differences are striking enough, however, the frequency distribution of number 

of artefacts per transect discussed in the previous chapter shows that there was 

considerable variation from the mean in each case (Figure 5.6). The number of 

artefacts per transect ranges from 0 to 57. Further, histograms for the three study 

areas show some similarities. For example, Study Areas 1 (Storm Creek) and 2 (!lara 

Creek) both have six transects with more than five artefacts. The main difference 

between the samples lies in the outlying transects in Study Area 1 which have more 

than 50 artefacts. 

This pattern may indicate a real difference between the two study areas, with Study 

Area 1 having sites of higher artefact density compared with Study Area 2. 

Alternatively, the patterning may simply be a product of chance. Had the two 

transects with more than 50 artefacts in Study Area 1 instead fallen in an area devoid 
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of artefacts, both the frequency distributions and the overall quantity of artefacts in 

the two study areas would have been almost identical. 

By comparison, Study Area 3 (Middleton Ponds) yielded a much lower number of 

artefacts and a distinctly different frequency distribution of the number of artefacts 

per transect. Only one transect in Study Area 3 produced more than five artefacts and 

the overall density was less than 10% of the means for Study Areas 1 and 2. The 

magnitude of the difference in this case is sufficient to suggest an explanation other 

than chance. 

On the basis of these results it can be concluded that Study Area 1 has a similar (if 

not greater) density of artefacts compared with Study Area 2. The hypothesis that the 

quantity of archaeological materials is determined by water permanency is thus not 

supported by the current results. The significantly higher density of Study Area 1 

(Storm Creek) compared with Study Area 3 (Middleton Ponds) also runs contrary to 

the expected trend. Study Area 3 is well situated relative to. the Palmer channel, 

where more permanent ground waters would be expected than in the surface-fed 

rockholes along the Levi Range, the main water supplies in Study Area 1. Yet Study 

Area 1 has a far greater density of artefacts. These results suggest that factors other 

than water permanency account for the variation in artefact density across the 

landscape. 

Land systems 

Variations in artefact density between land systems can be analysed for those units 

considered to be sufficiently representative (Table 6.3a). Greater confidence can be 

attached to the results derived from the land systems estimated (in Table 6.1 above) 

to have low bias (Krichauff, Gillen-1, Gillen-2, Finke and Simpson). For those with 

moderate bias, the density figures provided here need to be confirmed by further 

sampling. 

Of the land systems with more reliable samples, the relatively subdued landscapes of 

low relief tended to produce the highest artefact densities. Gillen-2 (colluvial and 

alluvial fans and plains) and Finke (alluvial plains) rated highest. Within the high 

relief ranges, the gently sloping plateau tops and benches of the Krichauff land 
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Table ~.3. Artefact densities for land system and land units in the transect sample. 

a) Land system 

Land system Physiographic area surveyed artefacts (n) m2 /artefact 
type (m2) 

Krichauff* upland 8680 62 140 
Gillen- I* upland 6250 6 1042 
Sonder upland 6320 5 1264 
Middleton-! upland 3015 5 603 
Gillen-2* intermont valley 13690 212 65 
Middleton-2 intermont valley 2550 0 
Finke* lowland 6840 59 116 
Simpson* lowland 7355 49 150 
Singleton lowland 5100 13 392 

*=good coverage, low bias 

Land system ranked by artefact density: 
Gillen-2 *, Finke*, Krichauff*, Simpson*, Singleton, Middleton-!, Gillen-1 *, Sonder, 
Middleton-2 

b) Land unit 

Land unit area surveyed 
(m2) 

artefacts (n) m2/artefact 

crest 2030 21 97 
upper slope* 19085 51 374 
lower slope* 6010 47 128 
bench 1700 41 41 
plain 17450 23 759 
stream terrace* 4630 166 28 
stream bed* 980 1 980 
pediment 200 4 50 
dune 1680 54 31 
swale 6035 3 2012 

*=good coverage, low bias 

Land unit ranked by artefact density: 
Stream terrace*, dune, bench, pediment, crest, lower slope*, upper slope*, plain*, 
stream bed*, swale. 
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system had substantially higher densities than the steeply dipping sandstone ridges of 

the Gillen-I and Sonder land systems. 

The higher density of the Gillen-2 land system suggests that there is a relationship 

between uplands and lowlands contributing to the high artefact densities along the 

flanks of ranges. This relationship is apparent from the very strong contrast between 

the two major units of the Gillen land system. Gillen- I comprises high sandstone 

ridges, and Gillen-2 the valley floors bracketed between them. These results suggest 

that while steep ranges themselves have very low densities of artefacts, proximity of 

such slopes to areas of more 'gentle' terrain is a factor associated with high to very 

high artefact density. 

These results demonstrate the archaeological value of Shaw and Bastin's (n.d.) 

approach of dividing land systems originally mapped by Perry et al. (1962) into 

major units based on relief. The objective behind Shaw and Bastin's (n.d.) approach 

was to identify units of varying pastoral potential. The results in this study indicate 

that the Gillen land system, when divided into major units Gillen-I and Gillen-2, also 

reveals notable variation in the patterning of prehistoric artefacts. That the landscapes 

which are significant for contemporary land use were also those which attracted 

considerable prehistoric use may come as little surprise. Perry (1978:73-74) 

advanced this as a reason for land use conflict in central Australia in historic times. 

However, before accepting the patterning of archaeological materials as an accurate 

reflection of traditional land use, Chapter 7 of this thesis examines the effects of 

impacts associated with pastoralism on variations in artefact density across the 

landscape. 

In the case of the Middleton land system, the difference between the two major units 

is opposite, with higher densities recorded on the more steeply sloping Middleton-!, 

considered to have lower pastoral potential. The ranges of Middleton land system are 

of much lower relief than high ridges of Gillen, which appears to support the notion 

that proximity to high ranges is a factor influencing the density of artefacts. Because 

of the low numbers of artefacts recorded in Middleton and possible bias in the 

samples, these results are less conclusive. 
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Land units 

The breakdown of the transects into land units shows the variation in density 

associated with different landform types. Results of this analysis are shown in Table 

6.3(b). 

As noted above, compared with land systems, the proportional representation of land 

units varies considerably. Most of the survey area was composed of a small number 

of land units. In particular, upper slopes and plains accounted for more than half of 

the surveyed area. These were also units with low to very low artefact density. On the 

other hand, the units with the highest density were generally those which received 

low or patchy coverage. In most cases, this appears to be a factor of the landforms 

themselves. Dunes, stream terraces, pediments and benches are relatively localised 

features within the landscape and, as a consequence, are less likely to be well 

represented overall. 

In the case of dunes, stream terraces and benches, there is further confirmation from 

the site data presented below that these factors are associated with significant 

occurrences of artefacts. Similar artefact concentrations associated with pediments 

were not located outside the probability sample. This, combined with poor coverage 

received by this unit, suggests that the sample is unrepresentative. Nonetheless, the 

units with more reliable samples (stream terraces and dunes) suggest that specific 

landforms are relatively important determinants of artefact density. Strong negative 

evidence for units with sufficient samples support these results, by demonstrating 

that few artefacts are found where these critical features are absent. 

For example, the lack of artefacts recovered in the swales of the dunefields in the 

Simpson land system, supports the inference that artefacts which occur in this system 

will tend to occur on dunes. Within the study areas, tracts of dunefield (Simpson land 

system) are composed of mainly short irregular dunes separated by extensive 

interdunal plains or swales (Perry eta/. 1962:91, Type C). It is probable that these 

widely-spaced dunes provide a more obvious focus for occupation than do the 

parallel linear dunes typical of much of the sandy desert regions of Australia (Perry et 

a/. 1962:91, Type A). 
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These. observations are supported by the findings of surveys elsewhere in the 

Australian arid zone. In the Olympic Dam investigations, where linear dunes are the 

dominant features, a general trend has been noted for artefacts to occur on the first 

dune in the field, or on widely spaced dunes with featureless swales/plains between 

them (Kinhill Stearns Roger 1982:13-15). The consistency of these findings has 

enabled sites to be predicted in subsequent surveys in these areas with a high degree 

of accuracy (e.g. Kinhill 1997). 

The study areas of the Palmer River catchment, while differing in many respects 

from the landscape of Olympic Dam and its surrounds, show similar patterning in the 

surface distribution of artefacts. Where there are sufficiently large samples to enable 

comparison, there are consistent variations in artefact density both within and 

between land systems. For example, the differences between Land Unit 1 (stream 

terraces) in Gillen-2 (l/16m2
) and Finke (l/32m2

), are similar to the differences 

between these land systems as a whole (Table 6.3a). In both cases, the values for 

stream terraces are about four times the density of artefacts where all land units are 

combined together as a land system. Together with the results of the Olympic Dam 

surveys, these findings reinforce a general pattern in the archaeology of these two 

different arid zone landscapes. While variations in artefact density occur at the scale 

of land systems, high density peaks will be often be associated with more specific 

landform types, particularly dunes and creek terraces, within those units. 

The high densities for stream terraces in Gillen-2 compared with Finke, bear on the 

issue of water availability central to this thesis. Were stream permanency an 

important factor, it would be expected that the riverine valleys of the Finke land 

system would have higher artefact densities than the intermont valleys of Gillen-2. In 

fact, there appears to be an inverse relationship between stream permanency and 

artefact density, similar to that suggested by the comparison of study areas. These 

results are further supported by the results of the site survey, discussed in this chapter 

below. 

6.3 Assemblage variability 

The environmental patterning of artefacts can be addressed further through the 

analysis of the composition of stone artefact assemblages. 
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Raw materials 

Raw materials can be divided into two broad categories, quartzite/silcrete and fine

grained siliceous (defined in Chapter 4). Using the transect data, the proportions of 

each can be compared in different environmental settings at different scales: study 

areas, land systems and land units. 

The frequency and proportion of raw materials making up the sample of flaked stone 

artefacts recorded during the transect survey are shown in Table 6.4. Grindstones 

(n=lO), all of which were made from sandstone or meta-quartzite, are excluded. 

As Table 6.4 indicates, quartzite/silcrete was the dominant raw material in all 

assemblages. The proportion of fine-grained siliceous materials varies only slightly 

between Study Areas 1 (Storm Creek) and Study Area 2 (Ilara Creek). Assemblages 

from Study Area 3 (Middleton Ponds) have a higher proportion of fme-grained 

siliceous raw materials and in this respect appear to be distinctive from the other two 

study areas. 

Table 6.4: Raw materials (flaked stone artefacts only) by Study Area. 

Study Areas 

1. Storm Creek 2. Ilara Creek 3. Middleton Ponds 

Raw materials n % n % n % 

silcrete/quartzite 210 90.5 133 91.7 19 79.2 
fine-grained siliceous 22 9.5 12 8.3 5 20.8 

The analysis of land systems and units (Figure 6.4 and 6.5) suggests more closely 

where the source of this variation lies. It will be noted (From Figures 6.1 to 6.3) that 

all of the quarry/knapping floors recorded were in the uplands or intermont valleys of 

Study Areas 1 and 2. As expected, these generally have higher proportions of 

silcrete/quartzite in their assemblages. This tends to be true of most land systems 

with sufficiently large samples, with the exception of the Simpson land system. The 

proportion of silcrete/quartzite in Simpson was high compared to Gillen-2 and 

Krichauff which contained sources of these materials. While the lower proportion of 

silcrete/quartzite in Finke is consistent with the lack of quarry/knapping floors, this 
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Proportion 

2 3 4 5 6 7 8 9 

Land system 

Fig 6.4 
Raw material proportion (white: silcrete/quartzite, shaded: fine-grain siliceous) by land system 

(1=Krichauff, 2=Gillen-1, 3=Gillen-2 , 4=Sonder, 5=Middleton-1 , 6=Middleton-2, ?=Finke, 8=Simpson, 
9=Singleton. Note: sample sizes for systems 4, 5, 6 and 9 were small) . 

Proportion 

1 2 3 4 5 6 7 8 9 10 

Land unit 

Fig 6.5 
Raw material proportion (white: silcrete/quartzite, shaded: fine-grain siliceous) by land unit 

(1 =crest, 2=upper slope, 3=1ower slope, 4=bench, 5=plain , 6=stream terrace, ?=stream bed, 

8=pediment, 9=dune, 10=swale. Note: sample sizes for units 1, 5, 7, 8 and 10 were small) . 
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does not explain the difference between Finke and Simpson, both of which lack local 

raw material sources. 

Given these findings, proximity to source does not appear to be the only cause of 

variability in the composition of raw materials in assemblages. The low quantity of 

silcrete/quartzite in Study Area 3 (Middleton Ponds) is consistent with the lack of 

sources, although it is worth noting that fine-grained siliceous materials occur in all 

environmental units with sufficient samples. The wide distribution of fine-grained 

stone shows that strategies were employed to ensure a supply of raw material in 

situations where sources were either scarce or absent. Such strategies may operate to 

limit to some degree the influence of distance from source on the proportion of raw 

materials in stone artefact assemblages (cf. Byrne 1980:117-188, Hiscock 1989:22, 

Robbins 1993 :320). 

As discussed in Chapter 4, flake size is frequently used as a short-hand indicator of 

reduction intensity or stage. To examine these effects, the percussion length of flakes 

was measured to nearest centimetre. In order to exclude variation in reduction due to 

raw material type, only flakes of a single raw material type- quartzite/silcrete -are 

included in the analysis (following Hiscock 1986:42). 

Table 6.5 provides summary statistics for flake lengths by study area, land system 

and land units. There is little apparent difference between flake lengths between 

Study Area 1 (Storm Creek) and Study Area 2 (llara Creek). At-test indicates the 

difference is not statistically signficant (t=O.l9, d.f.=224, p=O.l). Flakes from Study 

Area 3 were slightly longer, although the sample size is too small to place any 

confidence in the results. 

In land systems and land units with sufficient samples, the variation between 

assemblages is more marked. In fact, a trend is evident whereby variation appears to 

increase with the reduction in scale from study areas to land systems and land units. 

At the scale of land systems, flakes within Simpson land system ( dunefield tracts) 

have the shortest mean length (2.7cm), while those in Finke (alluvial plains) are also 
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Table .6.5: Length of whole unretouched quartzite/silcrete flakes by study area, land 
system and land unit. 

Flake length (em) 
n mean s.d. range 

Combined sample 239 3.3 1.6 9 

Study Area 

1 Storm Creek 153 3.3 1.7 9 
2 Ilara Creek 73 3.2 1.5 7 
3 Middleton Ponds 13 3.7 1.7 5 

Land system 

1 Krichauff 42 3.5 1.5 6 
2 Gillen- I 2 3.5 0.7 1 
3 Gillen-2 138 3.4 1.7 9 
4 Sonder 2 5.0 1.4 2 
5 Middleton- I 1 3.0 0 
6 Middleton-2 0 
7 Finke 20 3.0 1.5 5 
8 Simpson 25 2.7 1.2 4 
9 Singleton 9 3.3 1.8 5 

Land Unit 

1 crest 17 3.6 1.8 6 
2 upper slope 28 4.9 2.1 8 
3 lower slope 36 3.4 1.6 7 
4 bench 29 2.7 1.2 4 
5 plain 7 3.7 1.4 4 
6 stream terrace 86 3.0 1.3 7 
7 stream bed 1 4.0 0 
8 pediment 4 3.5 1.0 2 
9dune 29 3.0 1.5 5 
10 swale 2 1.5 0.7 1 
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below. average. It might be concluded from this that these results again reflect 

distance to source, as both are on lowlands where they are likely to be more distant 

from available raw material sources. That is, it could argued, following Byrne (1980) 

and others, that cores (and hence flakes) are more heavily reduced with distance from 

source to offset replacement costs. 

The analysis of the land unit assemblages, however, suggests a more complex 

picture. Small mean flakes lengths were recorded on benches (2.7cm), stream 

terraces (3.0cm) and dunes (3.0cm) and there was greater variation between land 

units than land systems. These results do not bear any apparent relationship to 

proximity to raw material sources. As indicated by the site distribution analysis 

below, quarry/knapping floors were found in all of these land units, as well as on 

upper slopes and crests, which had very high mean flake lengths. Instead, flake size 

appears to be correlated with land units which have low slope angles. The effects of 

slope on assemblage variability and its relationship to artefact size are considered 

further in the following chapter. 

Artefact type 

The total assemblage of formal artefact types recorded during the transect survey and 

their environmental settings are shown in Table 6.6. 

Table 6.6: Formal implement types. 

Artefact Type Study Area Land system Land unit 
No. 

49 large blade 1 Gillen-2 plain 
65 tula slug 1 Gillen-2 lower slope 
134 tula slug 1 Krichauff crest 
213 large blade 1 Gillen-2 stream terrace 
265 large blade 2 Krichauff crest 
314 backed artefact 2 Finke stream terrace 
345 endscraper* 2 Finke stream terrace 
386 large blade 3 Simpson dune 
395 tula slug 3 Middleton-2 lower slope 

*distally retouched elongate flake/blade 
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Formal implement types constituted a small proportion of the total nwnber of 

artefacts recorded during the transect survey. It is difficult, as a consequence, to make 

any conclusive statements about their patterning and distribution across the landscape 

based on the transect sample alone. 

Table 6.7 provides a breakdown of artefact types by major category. Tulas, backed 

artefacts and distally retouched flakes (endscrapers) are combined with the category 

of retouched flakes, while large blades (leilira) are combined with unretouched flakes 

and flaked pieces. 

By study area, the data in Table 6.7 reinforce the impression that assemblages in 

Study Area 3 (Middleton Ponds) are qualitatively different from those of the other 

study areas. The proportion of grindstones is high. When grindstones are excluded, 

the ratio of retouched to unretouched flakes (10:1) is also higher than both Study 

Area 1 (12:1) and Study Area 2 (16:1). Both observations suggest a high proportion 

of discarded finished items to debitage. 

These results are hindered by the small sample size in Study Area 3. However, a 

similar pattern emerges at the scale of land systems where assemblages appear to 

vary between the high ranges and plateau and the more gentle land systems around 

the flanks of ranges and away from the main body of uplands. Grindstones are 

confined to lowlands (Finke, n=3) and intermont valleys (Middleton-2, n=1 and 

Gillen-2, n=6). These differences are also reflected, to a certain degree, in ratios of 

retouched flakes ('implements') to unretouched debitage. Finke has a low ratio 

(around 7:1) as does Simpson (11: 1 ), both of which represent landscapes away from 

the ranges and their flanks. Closer to the range, the ratio was much higher (around 

19:1) in both Gillen-2 and K.richauffland systems. Gillen-1 did not conform to this 

general trend, having a much high proportion of both retouched items and cores, 

although its assemblage was small. 

The relationship between flaked stone artefact type and land unit is more equivocal. 

The lower slope units, if anything, tended to have lower ratios of retouched to 

unretouched flakes. On the other hand, the high proportion of grindstones on low 
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Table _6.7: Artefact class by study area, land system and land unit. 

Unretouched Retouched 
flake flake 
n % n% 

Study Area 

1 Storm Creek 207 87 16 7 
2 Ilara Creek 130 88 8 s 
3 Middleton Ponds 20 74 2 7 

Land system 

1 Krichauff 55 89 3 5 
2 Gillen- I 5 71 1 14 
3 Gillen-2 189 89 10 5 
4 Sonder 4 100 0 0 
S Middleton-I 1 33 0 0 
6 Middleton-2 0 0 1 50 
7 Finke 47 80 7 12 
8 Simpson 43 88 4 8 
9 Singleton 13 100 0 0 

Land Unit 

1 crest 18 86 1 5 
2 upper slope 42 79 6 11 
3 lower slope 39 87 3 7 
4 bench 39 95 1 2 
5 plain 17 74 1 4 
6 stream terrace 146 88 10 6 
7 stream bed 1 100 0 0 

8 pediment 4 100 0 0 
9dune 49 91 3 6 

10 swale 2 67 1 33 
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Category 

Core 

n % 

9 4 
6 4 
2 7 

4 12.5 
1 14 
7 3 
0 0 
2 67 
0 0 
2 4 
1 2 
0 0 

2 10 
5 9 
1 2 
1 2 
1 4 
6 4 
0 0 
0 0 
1 2 
0 0 

Grindstone Hammerstone 

n% n% 

s 2 0 0 
2 1 1 1 
3 11 0 0 

0 0 0 0 
0 0 0 0 
6 3 0 0 
0 0 0 0 
0 0 0 0 
1 50 0 0 
3 5 0 0 
0 0 1 2 
0 0 0 0 

0 0 0 0 
0 0 0 0 
2 4 0 0 
0 0 0 0 
4 17 0 0 
4 2 0 0 
0 0 0 0 
0 0 0 0 
0 0 1 2 
0 0 0 0 



slope units, most notably on plains (17%), conforms to the general trend noted at 

both the scale of study areas and land systems. 

The results of this exploratory analysis of artefact type in relation to landscape 

suggest that assemblage variability can be linked to environmental factors, 

particularly at the scale of study areas and land systems. The site survey data outlined 

below (Table 6.11) support the notion that assemblages in Study Area 3 (Middleton 

Ponds) are qualitatively different from the other study areas, while the differences 

between Study Area 1 and 2 appear to be primarily quantitative. Explanation of these 

results is complex and seems to reflect different processes in each case. Controlled 

investigation of typological variation is difficult given the very different conditions 

of raw material availability which prevail in Study Area 3. Despite these 

complexities, the results indicate very clear differences in assemblages within the 

catchment in which environmental factors appear to play a significant role. 

6.4 Site patterning and distribution 

The 79localities recorded as 'sites' provide further information on the patterning and 

distribution of archaeological materials across the landscape. The data from the site 

survey are organised into the same units - study areas, land systems and land units -

used in the previous discussion of the transect sample. 

In addition, the recording methods used during the site survey enabled data to be 

assembled on a range of additional variables (distance to water, stream order, 

influence of adjacent land systems, and access to rockshelters and overhangs). These 

data provide information on the broader environmental context of artefact scatters to 

an extent not possible at the level of transects. 

Site types 

For the analysis of site patterning and distribution, the sample of 79 sites is divided 

into separate types. Where necessary, general artefact scatters and artefact scatter/art 

sites can be combined in one single category. These are kept separate, however, from 

quarrylknapping floors which the previous chapters indicate are distinct from other 

types of artefact scatters. The remaining categories (knapping floors, hearth only, art 
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site only and stone arrangements) were too few in number to allow any meaningful 

comparison of attributes other than to note their presence or absence in particular 

environmental units. Figures 6.1 to 6.3 shows the distribution of different types of 

artefacts scatters (general artefact scatters, artefact scatter/art sites, quarry knapping 

floors, and knapping floors only) in relation to the landscapes of the three study 

areas. 

Study Areas 

General artefact scatters and artefact scatters/art sites were recorded in all study areas 

(n=57). Study Area 1 had the highest frequency of quarry/knapping floor sites (n=8). 

There were fewer quarry/knapping sites in Study Area 2 (n=3) and none were 

recorded in Study Area 3. Hearths were recorded away from artefact scatters only in 

Study Area 3 (n=6). 

Tables 6.8 analyses site surface area for the combined classes of general artefact 

scatters and artefact scatter/art sites. A high proportion of sites in Study Area 1 

(Storm Creek) have large and moderate to large surface areas compared with Study 

Areas 2 (Illara Creek). In comparison with Study Area 1, the samples from Study 

Areas 2 and 3 (Middleton Ponds) are more strongly skewed toward sites with small 

surface areas. 

Frequency distributions of sites by density class are shown in Table 6.9. These data 

reveal a distinctive pattern in Study Area 2 (Illara Creek). The proportion of sites 

with high to moderate density is greater and there are less diffuse artefact scatters 

than in the other study areas. 

Table 6.10 examines the three study areas in terms of the number of components 

within sites. As noted in the previous chapter sites with multiple components (greater 

than two component types) are rare. Study Area 1 (Storm Creek) has a higher 

proportion of sites with more than three components. Study Area 3 (Middleton 

Ponds) has one site with four components while the maximum number of 

components in Study Area 2 (Illara Creek) was three. This shows that while sites in 

Study Area 1 may have lower overall densities than Study Area 2, the proportion of 

large multicomponent sites is greater than in either of the other two study areas. 
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Table 6.8: Surface area classes for combined categories of general artefact scatters 
and artefact scatter/art sites by study areas, land systems and land units. 

small moderate moderate-large large 
<0.1ha 0.1- 1 ha 1- 10 ha >10ha 
n% n% n% n% 

Study Area 

1 Stonn Creek 5 26 10 53 3 16 1 5 
2 Ilara Creek 14 54 11 42 1 4 0 0 
3 Middleton Ponds 7 58 3 25 2 17 0 0 

Land system 

1 Krichauff 13 76 3 18 1 6 0 0 
2 Gillen- I 2 100 0 0 0 0 0 0 
3 Gillen-2 4 27 8 53 2 13 1 7 
4 Sonder 0 0 2 100 0 0 0 0 
5 Middleton- I 1 100 0 0 0 0 0 0 
6 Middleton-2 1 100 0 0 0 0 0 0 
7 Finke 3 20 9 60 3 20 0 0 
8 Simpson 2 50 2 50 0 0 0 0 
9 Singleton 0 0 0 0 0 0 0 0 

Land Unit 

1 crest 2 50 1 25 1 25 0 0 
2 upper slope 7 100 0 0 0 0 0 0 
3 lower slope 7 50 7 50 0 0 0 0 
4 bench 1 25 0 0 2 50 1 25 
Splain 1 100 0 0 0 0 0 0 

6 stream terrace 3 20 11 73 1 7 0 0 

7 stream bed 0 0 0 0 0 0 0 0 

8 pediment 0 0 0 0 0 0 0 0 

9dune 5 42 5 42 2 16 0 0 

10 swale 0 0 0 0 0 0 0 0 
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Table 6.9: Density classes for combined categories of general artefact scatters and 
artefact scatter/art sites by study areas, land systems and land units. 

diffuse moderate moderate-dense dense 
<1110m2 l/10-l/lm2 111-5/m2 >51m2 

n% n% n% n% 

Study Area 

1 Storm Creek 5 26 10 53 4 21 0 0 
2 Ilara Creek 1 4 9 35 14 54 2 8 
3 Middleton Ponds 6 50 4 33 2 17 0 0 

Land system 

1 Krichauff 4 24 5 29 8 47 0 0 
2 Gillen-I 0 0 1 so 1 so 0 0 
3 Gillen-2 1 7 11 73 2 13 1 7 
4 Sonder 1 50 1 so 0 0 0 0 
5 Middleton- I 0 0 0 0 1 100 0 0 
6 Middleton-2 1 100 0 0 0 0 0 0 
7 Finke 5 33 3 20 7 47 0 0 
8 Simpson 0 0 2 so 1 25 1 25 
9 Singleton 0 0 0 0 0 0 0 0 

Land Unit 

1 crest 0 0 4 100 0 0 0 0 
2 upper slope 1 14 1 14 5 71 0 0 
3 lower slope 2 14 5 36 6 43 1 7 
4 bench 0 0 2 so 2 so 0 0 
Splain 0 0 1 100 0 0 0 0 
6 stream terrace 4 27 6 40 s 33 0 0 
7 stream bed 0 0 0 0 0 0 0 0 

8 pediment 0 0 0 0 0 0 0 0 
9 dune s 42 4 33 2 17 1 8 
10 swale 0 0 0 0 0 0 0 0 

165 



Table 6.10: Number of components/site for combined categories of general artefact 
scatters and artefact scatter/art sites by study areas, land systems and land units. 

Number of components 
2 3 4 5 >5 

D o/o n% n% n% n% n% 

Study Area 

1 Stonn Creek 7 37 8 42 1 5 0 0 1 5 2 11 
2 Ilara Creek 12 46 I2 46 2 8 0 0 0 0 0 0 
3 Middleton Ponds 5 42 5 42 1 8 1 8 0 0 0 0 

Land system 

1 Krichauff 5 29 10 59 2 12 0 0 0 0 0 0 
2 Gillen-1 1 50 1 50 0 0 0 0 0 0 0 0 
3 Gillen-2 7 47 4 27 1 7 0 0 1 7 2 13 
4 Sonder 1 50 1 50 0 0 0 0 0 0 0 0 
5 Middleton- I 0 0 0 0 0 0 1 IOO 0 0 0 0 
6 Middleton-2 0 0 1 100 0 0 0 0 0 0 0 0 
7 Finke 8 53 6 40 1 7 0 0 0 0 0 0 
8 Simpson 2 50 2 50 0 0 0 0 0 0 0 0 
9 Singleton 0 0 0 0 0 0 0 0 0 0 0 0 

Land unit 

I crest 2 50 2 50 0 0 0 0 0 0 0 0 
2 upper slope I I4 5 7I 0 0 I I4 0 0 0 0 
3 lower slope 5 36 7 50 2 14 0 0 0 0 0 0 
4 bench 0 0 0 0 1 25 0 0 I 25 2 50 
5 plain 1 IOO 0 0 0 0 0 0 0 0 0 0 
6 stream terrace 10 67 5 33 0 0 0 0 0 0 0 0 
7 stream bed 0 0 0 0 0 0 0 0 0 0 0 0 
8 pediment 0 0 0 0 0 0 0 0 0 0 0 0 
9dune s 42 6 so 1 8 0 0 0 0 0 0 
10 swale 0 0 0 0 0 0 0 0 0 0 0 0 
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A similar pattern is indicated by assemblage richness (Table 6.11). Four sites in 

Study Area 1 had more than five artefact types compared with one in Study Area 3 

and none in Study Area 2. As might be expected, large multicomponent sites in 

Study Area 1 also have richer flaked and ground stone artefact assemblages. 

However, the mean number of artefact types per site ( 4.17) is higher in Study Area 3 

(Middleton Ponds), than either Study Area 1 and 2 (3.58 and 2.42 respectively). The 

data from Study Area 3 are also distinct from the other study areas in having a 

negatively skewed distribution. These results are consistent with the data from the 

transect survey, where assemblages from Study Area 3 were distinctive in having a 

higher proportion of retouched artefacts and grindstones, characteristics which appear 

to be associated with the scarcity of silcrete/quartzite sources and the different terrain 

types in this part of the catchment. 

Land systems 

Figures 6.1 to 6.3 show the distribution of artefact scatters in relation to land 

systems. General artefact scatters and artefact scatters/art sites were recorded in all 

land systems except Singleton and Middleton-!, but most occurred in Krichau:ff 

(n=22), Gillen-2 (n=23) and Finke (n=21). These land systems also had the most 

extensive scatters (Table 6.8). The densest scatters were recorded in Gillen-2 and 

Simpson land systems (Table 6.9). 

For the remaining categories of sites, quarrylknapping floors were confined to 

Krichauff (n=4) and Gillen-2 (n=7). Away from artefact scatters, hearths were 

recorded only within the Finke land system (n=6). 

Hearths and stone arrangements, where isolated from artefact scatter sites, were 

commonly found on deflated surfaces on the lower floodplains and floodouts of the 

Palmer River and Storm and Petermann Creeks (Finke land system). Two stone 

arrangements comprising assemblages of hearths up to 2.5m across were of 

Aboriginal mythological significance. One very large cluster on the floodout plain 

Study Area 3, is part of a mythological feature which gives the swamp its name 

(Arnngu). This feature has no stone or other prehistoric artefacts in close proximity, 

which suggests that both the stone arrangement and the floodplain may be of recent 

formation. 
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Table 6.11: Number of artefact types/site for combined categories of general artefact 
scatters and artefact scatter/art sites by study areas, land systems and land units. 

Number of artefact types 
I 2 3 4 5 >5 

n o/o no/o no/o no/o no/o no/o 

Study Area 

1 Stonn Creek 1 5 8 42 2 11 2 11 2 11 4 21 
2 Ilara Creek 6 23 IO 38 6 23 I 4 3 I2 0 0 
3 Middleton Ponds 0 0 I 8 3 25 2 17 5 42 1 8 

Land system 

1 Krichauff 3 18 10 59 3 18 0 0 1 6 0 0 
2 Gillen-I 2 100 0 0 0 0 0 0 0 0 0 0 
3 Gillen-2 1 7 5 33 1 7 2 13 3 20 3 20 
4 Sonder 0 0 1 50 0 0 1 50 0 0 0 0 
5 Middleton- I 0 0 0 0 0 0 0 0 0 0 1 100 
6 Middleton-2 0 0 0 0 1 100 0 0 0 0 0 0 
7 Finke 1 7 3 20 5 33 1 7 5 33 0 0 
8 Simpson 0 0 0 0 1 25 1 25 1 25 1 25 
9 Singleton 0 0 0 0 0 0 0 0 0 0 0 0 

Land unit 

1 crest 2 50 2 50 0 0 0 0 0 0 0 0 
2 upper slope 2 29 1 14 2 29 0 0 1 14 1 14 
3 lower slope 1 7 7 50 3 21 2 14 1 7 0 0 
4 bench 0 0 0 0 0 0 0 0 1 25 3 75 
Splain 0 0 0 0 1 100 0 0 0 0 0 0 
6 stream terrace 1 7 8 53 3 20 1 7 2 13 0 0 
7 stream bed 0 0 0 0 0 0 0 0 0 0 0 0 
8 pediment 0 0 0 0 0 0 0 0 0 0 0 0 

9dune 1 8 1 8 2 17 2 17 s 42 1 8 
10 swale 0 0 0 0 0 0 0 0 0 0 0 0 
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With the exception of isolated hearths and stone arrangements, these results reinforce 

the findings of the transect survey in indicating that archaeological materials are 

generally more abundant in Gillen-2 than in other land systems. Although the higher 

frequency of sites in Gillen-2 may simply reflect more extensive coverage (these land 

systems were also the most accessible on foot and by vehicle), sites in Gillen-2 also 

had the highest number of components (Table 6.9). The relative abundance of 

materials in the gentler valleys and fringing strip at the foot of ranges is thus well 

supported. 

Land units 

Narrowing the focus to land units, further patterning in the positioning of site types 

emerges. It is interesting to note that sites were recorded in all land units (except 

stream beds), although the distribution of types suggests that some parts of the 

landscape were used for specific types of activities more frequently than others. 

The land units with highest recorded site frequencies were lower slopes (n=16), 

upper slopes (n=ll), stream terraces (n=22) and dunes {n=14). General artefact 

scatters on dunes were often associated with depressions (blowouts) on dune crests 

and flanks. Five sites were recorded on the crests of ranges or hills, four on structural 

benches and five on plains. Pediments and swales between dunes were each 

represented by a single site while no sites were recorded in stream beds. 

Quarry/knapping floors were recorded in a range of topographic contexts. Most were 

located on upper slopes or crests (n=4) of Pzm ranges or on exposed Tertiary 

remnants within valley bottoms (n=7). Two small quarries were found exposed 

among sand dunes, one on a pediment and four along the banks or terraces of major 

creeks. The two largest quarries recorded were located on the banks of Storm Creek 

in Study Area 1 (shown in Figure 5.2) and Walker Creek in Study Area 2, where 

downcutting by major streams have exposed massive outcrops alongside potential 

water sources. 

The largest artefact scatters recorded were found on structural benches in Study Area 

1. Of only three sites recorded in this context all were greater than 10,000 square 

metres and had five or more components {Tables 6.8 to 6.1 0). All were artefact 
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scatter art sites. Sites of this type were specific to upper and lower slopes (n=9), and 

benches (n=4) with access to rockshelters. Proximity to shelter, analysed below, 

indicates more closely the relationship between multicomponent sites and 

shelter/overhangs. 

In addition to size, the composition of assemblages also appears to vary with land 

unit (Table 6.11 ). The three sites on structural benches each contained assemblages 

with more than five artefact types. A high proportion of dune sites also contained 

relatively diverse assemblages. In both cases, assemblage diversity was negatively 

skewed, which suggests that on average, sites in these contexts were much richer in 

number of artefact types. By comparison to the large multicomponent sites, dune 

scatters were far less extensive in defiance of the expected trend for diversity to 

increase with surface area (see discussion, Chapter 5). 

These results appear to reflect, to varying degrees, the combined influence of several 

factors influencing assemblage diversity. These factors include raw material 

availability (affecting reduction intensity and the discard of retouched items), the 

types of activities carried out (affecting the selection of implements and their rate of 

use), and the history of occupation of certain types of localities in the landscape (the 

number of different activities carried out in one spot over the period of occupation). 

Occupation history is likely to be a critical factor in the case of blowouts on dunes 

and rockshelters, given their spatially confined nature, which increases the likelihood 

that different activities will be carried out in the same locations on successive visits. 

6.5 Water availability 

Three variables were recorded to examine the influence of water availability on site 

location: distance to water, type, and stream order 

Distance to water 

Distance to water was measured as the distance between the site boundary and the 

nearest potential or known water source. The average distance to water for all site 

types combined (n=79) was 140m. Broken into site types, the mean for 

quarrylknapping floors and knapping floors only (n=14) was slightly less (104m) 
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than that for the combined categories of general artefact scatter and artefact 

scatter/art sites (143, n=57). 

Site surface area (artefact scatters and artefact scatter/art sites) is plotted against 

distance to water in Figure 6.6(a). There is a slight negative correlation between the 

two variables which is not strongly significant. 

The data in Figure 6.6(a) indicate that most sites, including large surface area 

scatters, generally occur within 200 metres of a water source of some kind. The 

maximum distance any site occurred from water was 1 kilometre, while the minimum 

was 1Om. The overall trend is that where artefact scatters occur away from water they 

are generally small and have few components. 

Typeofwater 

Water source type refers here to the nearest potential source. The effects of water at 

catchment scale were examined previously, by comparing artefact densities within 

the three study areas, selected on the basis of their distinctive hydrological regimes. It 

is possible to extend this analysis using the site variables; type of water and stream 

order. 

Table 6.12 shows the number of sites by category of water source. These data reflect, 

to a large degree, the relative availability of the four types within the landscape. 

Table 6.12: Site frequency by water type. 

Type of water 

Creek 
Claypan 
Rockhole 
Perennial water 

Total 

* all categories combined 

171 

Number of sites* 

47 
11 
9 
12 
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Figure 6.6 
Surface area for the combined categories of artefact scatters and artefact scatter/art sites by 

a) distance to water, b) distance to nearest land system and c) stream order {rvalues represent 
the standard product moment correlation coefficient). 
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The most frequent locally-available water sources were creeklines. Stream order 

provides an indication of the relative size of catchment feeding creeks and other 

stream-fed water sources. Claypans (n=ll) are excluded because their drainage is 

discontinuous (shown as missing values in Tables 6.10 and 6.11). 

Sites were relatively evenly represented in the stream order classes (Table 6.13). 

First order streams were those without tributaries. Fourth (or higher) were large 

streams including the Palmer River and its major tributaries. It is evident from the 

data in Table 6.13 that a high proportion of sites in the Palmer River catchment are 

not tightly tethered to the river corridor. Similarly, the data in Figure 6.6(c) indicate a 

very weak inverse relationship between stream order and site surface area 

Furthermore, the largest scatters are predominantly near ephemeral creeks, claypans 

and rockholes and not, as might be expected, near permanent waterholes (Table 

6.14). The two most dense scatters, however, were both located by fourth (or higher) 

order streams (Table 6.15). 

Table 6.13: Site frequency by stream order. 

Stream Order 

1 
2 
3 
4 or higher 

Total 

*all categories combined (missing= II) 

Number of sites* 

22 
16 
10 
20 

68 

There is also a decline in the richness of artefact scatters sites, as measured by the 

number of components, with stream order and water permanency (Table 6.16). All of 

the multi-component sites (artefact scatters and artefact scatter/art sites with more 

than two components) are located either near low order streams or claypans. 

These results provide general support for the transect data, which suggest an inverse 
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Table 6.14: Surface area classes for combined categories of general artefact scatters 
and artefact scatter/art sites by type of water and stream order. 

small moderate moderate-large large 
<0.1 ha 0.1- 1 ba 1ha-10ba >10ha 
n% n% D% n% 

Type of water 

Creek 18 62 11 38 0 0 0 0 
Claypan 3 37 3 37 2 25 0 0 
Rockbole 2 25 2 25 3 37 1 12 
Perennial water 3 25 8 67 1 8 0 0 

Stream order * 

1 9 56 4 25 2 12 1 6 
2 6 46 6 46 1 8 0 0 
3 2 40 3 60 0 0 0 0 
4 (and higher) 5 33 9 60 1 7 0 0 

*missing -8 (claypan sites) 

Table 6.15: Density classes for combined categories of general artefact scatters and 
artefact scatter/art sites by type of water and stream order. 

diffuse moderate moderate-dense dense 
<1/10m2 1/10-ll1m2 1/1-5/m2 >51m2 

n% n% n% n% 

Type of water 

Creek s 17 14 48 9 31 1 3 
Claypan 6 75 1 12 i 12 0 0 
Rockbole 1 12 4 50 3 37 0 0 
Perennial water 0 0 4 33 7 58 1 8 

Stream order * 

1 1 6 6 37 9 56 0 0 
2 5 38 6 46 2 15 0 0 
3 0 0 4 80 1 20 0 0 
4 (and higher) 6 40 5 33 2 13 2 13 

*missing =8 
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Table 6.16: Number of components/site for combined categories of general artefact 
scatters and artefact scatter/art sites by water source type and stream order. 

Number of components 
2 3 4 5 >5 

n% n% n% n% n% n% 

Type of water 

Creek 9 31 16 55 2 7 3 1 3 0 0 
Claypan 2 25 5 62 1 12 0 0 0 0 0 0 
Rockhole 5 62 0 0 1 12 0 0 0 0 2 25 
Perennial 8 67 4 33 0 0 0 0 0 0 0 0 

Stream Order • 

1 4 25 9 56 1 6 0 0 I 6 I 6 
2 7 54 2 15 2 15 1 8 0 0 1 8 
3 1 20 4 80 0 0 0 0 0 0 0 0 
4 (and higher) 10 67 5 33 0 0 0 0 0 0 0 0 

*missing =8 (claypan sites) 
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relationship between water permanency and the quantity of archaeological material. 

6.6 Influence of adjacent units 

Land system boundaries 

The distance from the site boundary to the nearest edge of the landsystem was 

measured to assess the effects of changes in landscape on site location. The mean 

distance to the closest boundary of the land system was 354m for all sites combined. 

The furthest any site occurred from the junction of two systems was 3km 

(minimum=Om). Minor differences were recorded between site types. The mean for 

general artefact scatters and artefact scatter/art sites was 131m less (305m, n=57) 

than quarries and knapping sites (436m, n=14). 

The effect of land system boundaries on site surface area are shown in Figure 6.5(b ). 

The regression slope of the two variables reveals a slight negative correlation. 

Despite the weakness of the overall trend, five of the six largest artefact scatters 

straddle a land system boundary (i.e. distance to boundary = Om). This suggests that 

while the influence of 'edge effects' on large artefact scatters may be relatively 

strong, the more numerous smaller scatters are more randomly distributed with 

respect to ecological boundaries. 

Rockshelters/oyerhan~s 

The location of sites in relation to rockshelters and overhangs is shown in Table 6.17. 

Table 6.17: Proximity of sites to shelter. 

The site is in or adjacent to 
shelters/overhangs 

In 
Adjacent 
Both 
None in immediate environment 

Total 

* all categories combined 

176 

Number of sites* 

12 
2 
5 
60 
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The middle Palaeozoic sandstones in Study Areas 1 and 2 provide access to 

rockshelters and overhangs suitable for occupation and/or art. Proximity to shelter 

appears to be a factor in the location of about a quarter of the population of 

archaeological sites. As the data in table 6.17 shows, 24% (n= 19) of all sites recorded 

occurred in close proximity to shelters and/or overhangs. 

The patterning of sites in relation to their access to caves and overhangs is analysed 

in Tables 6.18 to 6.20. As might be expected, sites which are confined to shelters 

have scatters with small surface areas and moderate to high artefact densities. The 

sample for scatters which are adjacent (but not in) is too small to generalise from. 

Sites which are both in and adjacent to shelters have the largest scatters, the most 

components and are of moderate to high artefact density. These results indicate that 

without exception the largest and most diverse sites in this study have shelters in 

their immediate environments. 

6. 7 Discussion 

Survey methods 

From the analysis of the above data, it is possible to return to the question of the 

survey and recording methods used in this research and their relative contribution to 

the study of archaeological landscapes. While similar variables were recorded during 

the site and transect survey, each sample lent itself to the collection of specific types 

of information on the landscape positioning of sites and artefacts. 

The site survey enabled data to be assembled on the broader environmental setting of 

relatively dense occurrences of artefacts and specific landforms influencing their 

location. In the site survey, artefacts were grouped into larger aggregates using 

density criteria to defme the limit of each concentration. The use of site-centred 

sampling enabled the environmental setting of these dense concentrations to be 

recorded in a way not possible at the level of transects. 

In the transect survey, the size and shape of the sampling units (transects) determine 

the limits of the recorded data. While it is possible to record the environmental 

setting of transects, these data are of limited value in interpreting the factors which 
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Table 6.18: Surface area classes for combined categories of general artefact scatters 
and artefact scatter/art sites by access to shelter. 

small moderate moderate-large lure 
<103m2 103-104m2 104-105m2 >10m2 

no/o no/o no/o n% 

The site is in and/or 
adjacent to shelter 

In 11 100 0 0 0 0 0 0 
Adjacent 1 50 0 0 1 50 0 0 
Both 2 40 0 0 2 40 1 20 
Neither 12 31 24 62 1 8 0 0 

Table 6.19: Density classes for combined categories of general artefact scatters and 
artefact scatter/art sites by access to shelter. 

diffuse moderate moderate-dense dense 
<II 10m2 l/10-lllm2 lll-5/m2 >51m2 

no/o n% no/o n o/o 

The site is in and/or 
adjacent to shelter 

In 1 9 2 18 8 73 0 0 
Adjacent 1 50 I 50 0 0 0 0 
Both 0 0 2 40 3 60 0 0 
Neither 10 26 18 46 9 23 2 5 

Table 6.20: Nwnber of components/site for combined categories of general artefact 
scatters and artefact scatter/art sites by water source type and stream order. 

Number of components 
2 3 4 5 >5 

n% n% n% n% no/o n% 

The site is in and/or 
adjacent to shelter 

In 1 9 8 73 2 18 0 0 0 0 0 0 
Adjacent 1 50 1 50 0 0 0 0 0 0 0 0 
Both 0 0 0 0 1 20 1 20 1 20 2 40 
Neither 22 56 16 41 1 3 0 0 0 0 0 0 
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account for dense concentrations of artefacts. If only part of a concentration of 

artefacts is sampled by a given transect, the factors which determine the overall 

density of the transect may fall outside the sampling unit, while those within the unit 

may be unrelated. 

An alternative to both site and transect centred methods are distributional survey 

techniques which use artefacts as units of observation and discovery rather than 

transects or sites. Distributional techniques can be used to identify assemblages in a 

less arbitrary manner than traditional methods of site definition, as discussed in 

Chapters 3 to 5 of this thesis (see also Holdaway et al. 1998:2-3). Despite these 

advantages, the use of artefacts as units of observation and discovery is far less cost

effective than traditional techniques in characterising regional site distribution and 

patterning, given the impracticality of mapping an entire surface artefact record at 

regional scale. 

In contrast to the site survey techniques, the artefact level data provided very precise 

information on the surface distribution of artefacts and their micro-environmental 

settings. These data were used to most effect in the analysis of post-depositional 

factors affecting artefact distribution in Chapter 7. The results of the analysis there 

are used to assess further the validity of the site data and interpretations based on its 

patterning across the landscape. 

Land use and environmental settin~ 

Despite the differences in the methods used by the site and transect surveys, the two 

sets of data were essentially in agreement in terms of the degree of variation in 

artefact density across the landscape. Both sets of information revealed that certain 

types of terrain - flanks of ranges and floodplains - have high overall densities of 

artefacts compared with other types. Sites located in these settings, particularly those 

on the flanks of ranges, also tended to be more archaeologically diverse in having the 

highest component richness. 

It might be inferred from these results that prehistoric land use was concentrated in 

the most biologically productive areas of the landscape. In arid ranges, run-on areas 

bordering footslopes and floodplains receive the highest water and nutrient levels 
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(Perry. 1978:73-74, Stafford Smith and Morton 1990:263). However, the land 

systems with the highest artefact density tend to be not only the most biologically 

productive but also the most dynamic units in terms of landscape processes. 

Pastoralism has been the major form of land use in Palmer River catchment in 

historic times. Floodplains and run-on areas have been favoured because of their 

proximity to water and because of the concentration of grasses, herbage and 'top feed' 

suitable for grazing (Bastin and Shaw 1996:1). As one of the main instigators of 

erosion, grazing is likely to be associated with areas of increased archaeological 

exposure, an explanation which is explored in the following chapter. It is not 

surprising that the land systems favoured by cattle coincide with areas targeted by 

Aboriginal land use as Perry (1978:74) has observed, but the reasons for the high 

archaeological density in these areas are more complex than might be assumed at 

first glance. 

Further, while it may be possible, at a very general level, to identify broad resource 

zones which attracted a higher level of prehistoric land use (eg Foley 1981:159), the 

results of this study suggest that the density of artefacts across the surface, as 

recorded on transects, is likely to be skewed by relatively large and/or dense 

concentrations. These concentrations of artefacts will influence density in such a way 

that the study areas, land systems and land units with the largest and densest sites 

will also tend to be those with the highest numbers of artefacts measured along 

transects. 

Site patternin2 

As noted in the previous chapter, the site survey revealed a pattern of many small 

scatters and a few large ones, which also were the richest sites in terms of artefact 

types and components. The results presented in this chapter provided data on the 

environmental patterning of the 71 artefact scatter sites recorded during the survey. 

In this study, the variables most commonly associated with site location were access 

to water, proximity to rockshelters, and availability of raw materials for artefact 

manufacture. These variables, either singly or in combination, will not only predict 

the location of most sites but also the richest and most diverse sites. Sites with the 
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largest surface areas and the most diverse assemblages of artefacts and art occur 

where there is a combination of these attributes - shelter, water and stone materials -

in relatively close proximity. 

The importance of several variables in combination is demonstrated by the influence 

of rockshelters. Caves and overhangs were relatively common along plateau margins 

of the Krichauff land system. Most of these show little if any sign of occupation. 

Because occupation of rockshelters is constrained by their physical properties, they 

will not generally make ideal occupation sites unless other unconstrained areas 

suitable for camping exist nearby. To be suitable as a base camp a rockshelter site 

also requires access to a rockhole, stream or soak for water, adequate resources for 

foraging and woodlands to provide a supply of timber for firewood and artefact 

manufacture. 

A combination of these factors occurs in Study Area 1 (Storm Creek) where the 

escarpment of the the Levi Range gives way to a gentle structural bench. In all three 

locations along the escarpment where water gathers in deep rockholes there are 

exceptionally large and complex sites. These exceptional places constitute a type of 

their own within the structure of the regional archaeological record; multicomponent 

shelter/art sites with extensive artefact scatters. Such sites indicate repeated use of 

specific localities within the Palmer River catchment, examples of what Schlanger 

(1992:97) would define as a 'persistent place'. 

To explain the patterning of both the large artefact scatters and the abundant smaller 

scatters requires a model which incorporates the effects of medium to long-term 

settlement pattern ( eg Camilli 1989). The limitations of ethnographic models of 

settlement in accounting for the surface distribution of sites are well illustrated by the 

distribution of sites within study areas. Within each of the three study areas, all sites 

are within a day's walking distance of each other, including the three exceptionally 

large sites in Study Area 1 which are assumed to have functioned as 'base camps'. 

Two of these diverse artefact scatter/art sites are separated by less than two 

kilometres. As Hayden (1981:379) has noted in a comprehensive review, 

ethnographic hunter-gatherers generally avoid shifting camp until they are obliged to 

move beyond their 'threshold' foraging range (generally between 5-lOkm) to obtain 
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food. Hence, given the number and proximity of sites in what is a relatively small 

area (in terms of foraging radius) for each ten by ten kilometre study area, the 

possibility that all sites were likely to have been occupied by the same group in a 

single sequence of movements seems remote. 

Taken with the results of the previous chapter, the patterning of archaeological 

materials within the study areas is probably best understood as the cumulative build

up of long-term use of the general environment with varying degrees of overlap in 

the placement of repeated occupations. Where a combination of environmental 

variables served to attract settlement, the resulting archaeological patterning shows 

evidence of multiple occupation in a relatively confined area. Within these localities, 

specific features which constrained occupation, such as rockshelters, show the 

greatest evidence of both sequential occupation and multiple activities. Smaller 

single component sites, showing limited or partial overlap, occur in less 

environmentally diverse parts of the landscape or areas lacking specific 

environmental features which acted as foci. Thus although there are indications that 

prehistoric occupants returned to the same general areas on multiple occasions, the 

degree of overlap is highest in those parts of the landscape where the most attractive 

and diverse resources are concentrated. 

Water permanency and settlement pattern 

While the results presented in this chapter suggest that water is a critical determinant 

of site location, the importance of water permanency is not supported. In fact, the 

reverse appears to be true: there is an inverse correlation between water permanency 

and the quantity of archaeological material, reflected both at the broad scale of the 

study areas as well as the specific placement of major artefact scatter/art sites. 

These results were unanticipated. In arid Australia, permanent water is often held to 

be a critical factor in settlement patterns. Models advanced for the tropical deserts 

(Cane 1984:62 and Veth 1993:76-78) propose that Aboriginal hunter-gatherers 

returned to the same permanent waters each year during the winter months of low 

rainfall. Similarly, Hiscock (1988a:260) maintained that the prehistoric occupants of 

Lawn Hill (northwest Queensland) relied heavily on the resources of the gorge 

environment during major arid periods. An extension of these arguments is the view 
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that arid landscapes with permanent waters exerted an 'oasis' or 'refuge' effect on 

human populations (Veth 1989:86, Gould 1991:27). Gould's (1969:266-267) model 

of foraging in an unpredictable desert emphasises the wide use of ephemeral waters, 

yet he also observed that 'more thorough foraging' occurred near the most permanent 

waters. 

In this study, the lack of tethering of sites to any single resource suggests that it is 

resource diversity, rather than permanency which appears to exert the strongest 

influence on hunter-gatherer settlement patterns in the Palmer River catchment. 

Silberbauer (1981:191) has made a similar point in relation to the placement ofG/wi 

settlements in the central Kalahari Desert: 

To meet the long term needs of survival these [critical] 
resources must be present in combination and lack of any one 
resource constitutes a limiting factor that would nullify the 
utility of the others. 

The influence of water permanency on site selection will therefore depend on the 

presence of other mutual attributes. In this study, Study Area 1 (Storm Creek), which 

has the highest density and richest sites, is unique in having a long structural bench 

which runs almost uninterrupted along the southern margin of the Levi Range 

escarpment. The three major artefact scatter/art sites are all perched along this bench 

midway between the plateau crest and the Storm Creek valley floor, and as such are 

well placed to exploit the ecotone between the two. This factor, along with access to 

shelter and woodlands in the immediate environment of a series of well-shaded 

rockholes, provide a combination of features which are absent elsewhere in the 

catchment surveyed as part of this study, including localities near permanent water. 

Examples from other localities in central Australia and the arid zone illustrate that the 

attraction of permanent water will vary depending on its relationship to other key 

resources. At Lawn Hill, the permanent water of the gorge environment overlaps 

closely with the richest flora and fauna, including a relatively diverse suite of aquatic 

species (Hiscock 1988a:48-50). This does not necessarily apply elsewhere in the arid 

zone. In the upper Finke catchment of central Australia, for example, some of the 

most permanent waters are situated in rugged terrain with infertile rocky soils and 

few suitable areas for camping adjacent to the water (cf. Smith 1993:46). Data in 
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Latz and Griffm (1978:81) reveal that in central Australia spinifex sandplains are 

almost three times as diverse in edible plant species than ranges, and that the 

abundance of sandplain species can be significantly increased by firing. These 

observations reinforce the notion that access to gentler terrain was an important 

determinant of site location. 

The ecological value of permanent waters in the arid zone lies primarily in their 

ability to provide drought reserves of moist-adapted vegetation and fauna to 

regenerate the surrounding region (Latz 1995:22, Veth 1989:83). This role should not 

be confused with their richness as habitats supporting useful species for human 

consumption. For most of the time, when water was present in different parts of the 

catchment, proximity to areas containing the most abundant and reliable food 

resources is likely to have been a more important determinant of site location than 

water permanency. 

A possible exception are drought periods, when reliance on water would see the 

convergence of humans with other species dependent on water at the most long

lasting supplies. At such times, large game may have been more easily caught ( eg 

O'Connell1977:269). An effect similar to this, however, might be expected at water 

sources of varying degrees of permanency as smaller sources progressively dried out. 

In the Palmer River catchment, historical accounts suggest that fish, for example, 

were potentially an important food source from ephemeral waterholes on the Palmer 

River. 

The period during which fish would have been most easily caught was approximately 

six months after rains as temporary waterholes along the lower Palmer River dried 

out. Both Giles and Chewings commented on the abundance of fish at Middleton 

Ponds, Giles (1889:65) naming this place 'Middleton Pass and Fish Ponds' on the 

basis of his observations in 1872. A decade later at the same location, Chewings 

(1886: I 049) observed: 

A large mob of natives camped at the water. We passed by in 
the middle of the day, so did not see any of the men. They were 
out hunting, but directly [as] we hailed in sight from among the 
thick acacia bushes which line the lower Palmer on both banks 
we stumbled right on the lubras and piccaninnies as they were 
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fishing. They set up yelling and made off for the range as fast as 
possible. 

A further 10 kilometres downstream, at Rogers Pass, Chewings (1886:1049) came 

across another small waterhole where he made the following relevant observations: 

We found in one waterhole just dry the whole of the bottom 
covered with fish. They were not dead but a few hours of hot 
sun would have been sufficient to kill all of them. Cranes were 
about and had gorged themselves until they could eat no more. 
We sank a well at this place 4 feet deep and got a splendid 
supply of water in the sand. 

The availability of fish, a temporally abundant resource as these observations 

illustrate, is thus directly related to the drying out of ephemeral waters. For the 

potentially important categories of low-risk resources - reptiles and most plant foods 

including seeds - availability would have been relatively independent of the 

distribution of permanent water sources. These examples serve to illustrate that the 

most reliable waters do not necessarily provide the most abundant or reliable food 

supplies. 

Predictability as a structurini principle 

One of the key principles underlying the role of water permanency in previous 

models is that of predictability of resources. Predictability plays a critical role in 

resource gravity models stemming from Jochim (1976:53). The most favoured 

locations for settlement are held to be those where resources are most dense and least 

mobile (i.e. most predictable). In the Palmer River catchment, the spatial distribution 

of resources offered a degree of predictability while the temporal distribution was 

relatively unpredictable. 

In terms of spatial distribution, the most dense and reliable resource zones for 

foraging were narrowly distributed along the flanks of ranges and floodplains. These 

conditions may have acted to draw populations away from the most permanent 

waters and gorge environments which were less well-positioned to access the 

sandplains and broad floodplains near the boundary of the ranges and the lowlands to 

the south. The gorge environments offered the most reliable refuges, although given 
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abundant rainfall, availability of water along the well-shaded escarpments of the Levi 

Range could also have been predicted with a high degree of certainty. This, along 

with access to potentially more reliable and dense habitats for foraging, may have 

seen this part of the catchment remain the focus of the settlement pattern for much of 

the time. 

Equally, the use of these ephemeral waters as foci may have developed as a strategy 

for coping with temporal variability in resource distribution. In unpredictable 

environments where resources are scattered and diffuse, the need for high mobility 

will see residential groups widely dispersed throughout their landscapes for most of 

the year in something akin to Gould's (1969:266) description of the foraging 

activities of a Ngaatjatjarra resource-using group in the Gibson Desert, which is a far 

more marginal environment than the central Australian ranges. In central Australia, 

the lack of a 'well-defined staple group' of resources (Latz 1995:27) and the highly 

variable pattern of rainfall may also have necessitated a regular dispersal of 

population. 

Gould (1977:168-69) describes the Ngaa~atjarra settlement pattern as a 'risk

minimisation' strategy, where foragers make the most of ephemeral water sources 

while they last, falling back on more reliable waters as a last option. A more 

elaborate model which better accommodates conditions in central Australia is that of 

Dyson-Hudson and Smith (1978). Their model allows for shifting patterns of 

settlement and territorial organisation in response to a range of possible resource 

configurations. This is particularly relevant to the Palmer River catchment where 

resources were more abundant and spatially predictable than in the marginal desert 

lowlands described by Gould (1969, 1977) yet subject to a similar irregularities in 

rainfall events. 

The Dyson-Hudson and Smith (1978:26) model explains how hunter-gatherers using 

dense and unpredictable resources are likely to benefit from high mobility and 

flexible territorial arrangements with neighbouring groups. High mobility contributes 

to frequent interaction between groups and facilitates information exchange 

regarding the location of ephemeral resources. Structured in this way, regional 

populations would be able to exploit very rich though temporary resources by 
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aggregating in large groups at ephemeral waters. In periods of low or infrequent 

rainfall, populations could revert either to high dispersion with small group size 

(similar to Gould's risk-minimising strategy) or to a 'home range' system, where 

populations retreat to their permanent waters when all other sources have ceased to 

be viable (cf. Gould's 1991:28 notion of 'drought escape' in the Western Desert). 

While these options are all likely to have operated to varying degrees during the 

period of occupation of the Palmer River catchment, the distribution of 

archaeological materials recorded during this study is best explained by strategies 

which maximise the use of ephemeral waters. The role of predictability and risk in 

the development of long-term adaptation in the Palmer River catchment are discussed 

further in Chapters 9 and 10 of this thesis, which combine evidence from the surface 

materials and excavated deposits. 

This chapter has examined the distribution of archaeological materials across the 

surface of the Palmer River catchment. A wide range of factors was examined at 

various scales prompting a reanalysis of settlement models which have been applied 

in the Australian arid zone. The following chapter considers the role of geomorphic 

formation processes. These processes, which have received less attention from 

researchers in the arid zone, allow further assessment of the interpretations based on 

the data presented in this chapter. 
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CHAPTER 7 

ACCOUNTING FOR THE SURF ACE PATTERNING OF ARCHAEOLOGICAL 
MATERIAL 

7.1 Introduction 

Thus far the data presented have indicated considerable variation in the quantity and 

type of archaeological materials across the landscape. The relevance of these fmdings 

to various models of settlement and land use has been discussed. However, before 

proceeding further it is necessary to evaluate the influence of processes which 

interposed themselves between the discard of artefacts and their recovery (or non

recovery) during the survey. 

Taphonomy 

As revealed by the literature reviewed in Chapter 2, interpretations of regional 

settlement patterns in central Australia have given little attention to the role of 

formation processes. Attempts to reconstruct settlement have proceeded as if the 

existing structure of the archaeological record were an intact and accurate reflection 

of prehistoric activities - a 'window on the past' - as it were. Such assumptions of 

intactness are difficult to sustain in the face of a growing body of theory and research 

in archaeology dealing with taphonomy and related issues. 

Taphonomy is a term applied to the study of processes affecting the preservation of 

organic materials, or more specifically bone (Brain 1981, Renfrew and Bahn 

1991 :492). Hiscock (1985) has argued for the need for a similar perspective in the 

analysis of stone artefact assemblages (see also Robins 1993:43). This perspective 

conformed closely to Schiffer's (1976) notion of an archaeological record 

transformed by natural and cultural processes (n and c transforms). The study of 

these processes has come to be combined under the general terms 'formation 

processes' (Binford 1979, Schiffer 1983) and 'post-depositional processes' (Foley 

1981:166). 

While the 'window' view of the archaeological record has been comprehensively 

challenged (the window is more often akin to a distorting lens), Schiffer (1983:677) 
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nonetheless observed that: 

... because the fonnation processes themselves exhibit 
patterning, the distortions can be rectified by using appropriate 
analytical and inferential tools built upon our knowledge of the 
laws governing these processes. 

The development of general laws explaining cultural fonnation processes relies on 

the use of ethnoarchaeological studies such as those carried out in central Australia 

by Hayden (1979) and O'Connell (1987). The distortions arising from natural 

fonnation processes can be explained by natural laws governing geomorphic 

processes, the effects of which can be measured. 

Studies by Robins (1993) and Cameron et al. (1990) have measured the role of 

natural processes on displacement of artefacts at specific sites in the Australian arid 

zone. These studies have succeeded in showing that wind, water and slope are 

potential agents in artefact displacement and redeposition. Nonetheless, theory and 

method allowing the integration of taphonomy and settlement pattern analysis at 

regional scale in arid Australia remain underdeveloped. Unless they can be applied to 

archaeological interpretations at regional level, advances in taphonomy will be of 

limited value. 

In noting that depositional processes were unlikely to be expressed unifonnly across 

a region, Foley (1981:171,178) recognised the need for integration of regional-scale 

geomorphic and archaeological data. The rationale for a regional perspective also 

derives from the need to link processes between scales (Rossignol 1992:9). 

Commenting on central Australian landscapes, Pickup (1991:470) states 'landfonns 

produced by localised processes cannot be explained without reference to the 

regional context'. Thus the development of regional-scale studies of taphonomic 

processes is a logical step in the study of archaeological landscapes in the Australian 

arid zone. 

Method 

The methodology used in this study incorporated the role of processes affecting the 

preservation and recovery of archaeological data into the design of the regional 
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survey. In the transect survey, artefacts were treated as units of observation and 

discovery. This approach enabled a range of infonnation to be assembled on the 

ground surface attributes of artefacts. Because these were collected in conjunction 

with the density data used in analysing settlement patterns in Chapter 6, the validity 

of that data (and the quality of the inferences derived from it) can be evaluated. 

The analysis of these data sets are carried out in the following way. The first part of 

the chapter examines the patterning of artefacts in relation to geomorphic variables 

recorded at artefact level. The second part of the chapter deals with the issue of 

covariation between environmental units (study areas, land systems and land units) 

and geomorphic variables. The patterning analysed in the previous chapter is 

revisited by holding the geomorphic variables (vegetation cover, erosion, slope and 

soil-related variables) constant while again comparing the density of archaeological 

materials within environmental units. The analysis then identifies residual patterning 

which can be related to settlement. 

The results of the analysis bear closely on the question of measurement validity. Do 

variables measure what they are intended to measure? In this study it is appropriate 

to ask whether differences in artefact density, diversity and type reflect the influence 

of different drainage and topographic conditions represented by the environmental 

classes used in this study (study areas, land systems and land units) that are assumed 

to be relevant to settlement and land use, or whether they simply reflect the role of 

geomorphic variables which are co-varied. 

7.2 Surface visibility and exposure 

The characteristics of the ground surface were recorded to provide indications of 

their influence on artefact density and variability recorded during the survey. Surface 

visibility and exposure are relevant concepts and are defined as follows. 

Surface visibility refers to the extent to which the ground surface recorded during the 

survey was covered by vegetation. Exposure is a measure of erosion, which exposes 

artefacts and deposition, which obscures them. Exposure detennines the chances of 
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artefacts being present on the surface, whilst visibility the chances of them being 

detected if present (Hiscock and Hughes 1983:92-93). 

Four types of variables were measured in this study as indicators of surface visibility 

and exposure: 

1) Vegetation cover, 

2) Soil type and compaction, 

3) Soil erosion and disturbance, and 

4) Slope. 

The four variables were measured at two levels. First, at the level of individual 

artefacts, where conditions of surface visibility and exposure are recorded as artefact 

attributes. These data are presented in the first half of this chapter which analyses the 

effects of the four variables on artefact presence and size. While these data provide 

the most direct and accurate method of associating artefacts with ground surface 

conditions, there is no way of converting the results to a density value. Second, the 

four variables were also recorded along transects as an attribute of environmental 

units (study areas, land systems and land units). These data are more coarse-grained, 

yet enable an estimate of the relative visibility and exposure by area surveyed, 

allowing the data to be factored into the analysis of artefact density in the second part 

of the chapter. 

Ye"etation cover 

Surface visibility is directly related to vegetation cover. As Hiscock (1991:177) 

states, 'the proportion of the ground surface visible is primarily a function of the 

amount of grass, shrubs and leaf litter covering the ground'. Surface visibility is 

generally considered to be less of an impediment to surveys in arid regions, where 

vegetation is often sparse or absent. As Shennan (1990:321) observes, surface survey 

and sampling techniques were first developed in the arid American southwest in an 

attempt to avoid the problems of dense ground cover. 

Table 7.1 gives the frequency of artefacts by percentage of ground surface visible for 
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this study (estimated over a 2m radius from the point where each artefact was located 

along a transect). 

Table 7.1: Artefact frequency by vegetation cover 

Surface visibility 

>60% 
60-69% 
70-79% 
80-89% 
90-99% 
100% 

N 

0 
14 
11 
45 
182 
159 

% 

0 
3.4 
2.7 
11.0 
44.3 
38.6 

The results indicate that in more than half of the cases recorded, a small cover of 

vegetation occurs within a few metres of an artefact. Once the cover exceeds 50% of 

the surface, artefacts were not recorded. Where cover is relatively sparse, artefact 

frequencies were relatively high. 

These data may also reflect the clumping of vegetation because of the scale of 

observation (within a metre of the artefact). Most arid grasses form small hummocks 

less than a metre across, which leaves some ground surface visible between with 

little if any organic cover. Trees and shrubs tend to obscure a much larger proportion 

of the ground surface, principally as a result of organic litter derived from their 

foliage. 

These results suggest that while areas dominated by trees and shrubs may completely 

obscure detection of artefacts, sparse vegetation cover provides little, if any, 

imP,ediment to surface visibility. The implications of these results, however, go 

beyond surface visibility. As noted in Chapter 3, vegetation structure is determined 

by climate, landform and soil conditions, and in its contemporary context, by grazing 

by cattle and feral domesticates. 

These results, as discussed more fully below, suggest vegetation cover is closely 

related to other geomorphic variables affecting exposure. As a consequence, 

vegetation cover is likely to be related not only to the chances of artefacts being 

detected if present, but also to likelihood of artefacts being present on the surface. 
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The combined effects of vegetation on surface visibility and exposure may explain 

why vegetation has been a strong predictor of artefact density in previous studies 

such as that of Pilgram (1987:41), who notes that 'while the vegetation of the present 

may not correlate with vegetation of the past, it does correlate with discovered 

archaeological sites'. 

Soil type and compaction 

Soil characteristics were recorded through measurement of two variables; type and 

compaction. Table 7.2 presents data for soil classes, based on geomorphological and 

textural characteristics observed in the field. 

Table 7.2: Artefact frequency by soil type. 

Soil type 

Alluvial (Total) 
clay 
fine sand/silts 
coarse sand 

Aeolian 
Stony/colluvial 
Bedrock 

N 

232 
31 

201 
1 

62 
102 
14 

% 

56.4 
7.5 

48.9 
0.2 
15 

24.8 
3.4 

Artefacts were found predominantly on fine alluvial soils. Within this category, most 

were recorded on fine sands and silts, rather than coarse sand (bed load) or clays. 

Moderately high frequencies of artefacts on both aeolian and stony/colluvial soils 

indicates that artefacts were not confined to alluvial contexts. In reality, most arid 

zone soils are formed by a combination of alluvial and aeolian processes and the 

relative contribution of each (except on aeolian dunes) is often difficult to determine 

in the field. Hence, for most landsurfaces, categories based on assumed origin of 

sediments are possibly less reliable and useful indicators than those based on textural 

difference. 

Soil compaction was more easily determined under field conditions and relies less on 

assumptions about sediment origins. Moreover, the data are point centred. 

Compaction can be recorded at precisely the point on which the artefact was found 

and thus provide a more accurate assessment of processes affecting recovery at small 
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scale . .Table 7.3 shows the results of the recording of this variable during the transect 

survey. Artefacts recorded on bedrock (n=14) are excluded from the data shown in 

Table 7.3. 

Table 7.3: Frequency of artefacts by soil compaction. 

Soil compaction N % 

loose 19 4.8 
soft 73 18.4 
firm 201 50.6 
hard 104 26.2 

missing=l4 (artefacts recorded on bedrock) 

Table 7.3 reveal that the proportional representation of artefacts is highest on more 

compact soils, although artefacts were recorded twice as frequently on firm than on 

hard surfaces. Few artefacts were found on loose surfaces. 

These results are consistent with the findings above, where artefacts tend to be found 

more often on fme-textured alluvial soils. It was also observed in this study that a 

loose veneer of wind-blown sand occurred in patches across all landform units, 

including alluvial soils. The thickness of the cover was noted to vary from a thin 

veneer over fine-textured soils (though sufficient to cover artefacts) to a thick mobile 

red drift sand occurring along the crests of dunes. 

The role of recent sediment transport on assemblage variability was examined by 

analysing the relationship between soil compaction and artefact size. It would be 

expected that in loose deposits large artefacts would be more obtrusive and thus that 

there would be an inverse relationship between artefact size and soil compaction. A 

correlation between artefact size and obtrusiveness has been noted by W andsnider 

and Camilli (1992:182). 

Analysis of artefact size (Table 7.4) shows that in this study artefacts were on 

average more than a centimetre smaller on compact soils (firm to hard) than on 

unconsolidated surfaces (loose to soft). At t-test shows the difference is statistically 

significant at p=O.S (t=2.29, d.f.=395). 
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Table ?.4: Artefact size (in em) for combined artefact categories by soil compaction. 

soil compaction N range mean standard dev. 

loose 19 8 4.5 2.0 
soft 73 22 4.7 4.0 
finn 201 34 3.3 3.2 
hard 104 17 3.4 2.4 

missing=l4 (artefacts recorded on bedrock) 

These results indicate that surface assemblages drawn from different soil conditions 

may reveal size variability which may obscure the influence of other contributing 

factors, such as artefact manufacturing intensity or stage (eg Shott 1994:80). One 

implication of these findings is that analyses based on the size of artefacts will need 

to control for geomorphic sorting processes. This is discussed further later in this 

chapter in revisiting the patterning of artefact assemblages across the landscape. 

Erosion and disturbance 

As noted above, exposure is a measure of erosion. A close association between 

erosion and artefact occurrence might thus be expected. However, artefacts appearing 

on the surface may have undergone a complex series of erosion, transport, and 

deposition events before they are recovered archaeologically. While it is only 

possible to infer the most recent of these events, the surface layer on which artefacts 

are found can be used to interpret the processes responsible for their exposure on the 

contemporary surface. 

The results so far have indicated that artefacts occur more frequently on fine sands 

and silts. These fine-textured soil types tend to form more compact surfaces which, 

as noted above, appear to be strongly correlated with artefact obtrusiveness and 

exposure. Further, finer-grained sands and silts tend to be more erodible, which 

increases the prospects of artefact recovery during an archaeological survey. Soils 

with increasing clay and sand fractions are generally more resistant to water erosion, 

while clays and silts are less affected by wind erosion than fine sands (R.H. Gunn 

1988:72, Philip Hughes personal communication). 

Three types of erosion were recorded as variables: wash, wind deflation and gullying. 
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Data for the analysis of erosion type are presented in Table 7.5. 

Table 7.5: Artefact frequency by erosion type. 

Erosion type N % 

none 133 32.4 
deflation 143 34.8 
wash 101 24.6 
gullying 34 8.3 

A relatively high proportion of artefacts ( 68%, n=278) were located on eroded 

surfaces. The effects of both wind and water erosion are evident from the numbers of 

artefacts on surfaces with evidence of deflation and wash. The lower frequencies for 

gullying suggest that this process was not a major factor contributing to exposure of 

artefacts recorded during the survey. Further, in contrast to the more gentler forms of 

erosion, gullying may act as much to remove artefacts from the eroded surface as to 

expose them. Equally, the low numbers of artefacts on gullied surfaces may be a 

reflection of the small proportion of the landscape affected by gullies compared with 

other types of erosion, in which case gullying may have a similar effect on exposure 

(but not on the density of artefacts recorded in this survey). 

The effects of different types of erosion on artefact size can be assessed from the data 

in Table 7.6. The lower mean values show artefact sizes are on average I em less on 

deflated surfaces than all other categories. The size difference between artefacts on 

deflated surfaces and all other categories combined is statistically significant (t=2.02, 

d.f.=409, p=0.05). 

Table 7.6: Artefact size (in em) for combined artefact categories by erosion type. 

erosion type N range mean standard dev. 

none 101 19 3.8 2.7 
deflation 143 34 3.0 3.2 
sheet wash 132 22 4.1 2.8 
gullying 34 24 3.9 4.6 
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The distribution of flake sizes (Figure 7.1) reveals more closely where the source of 

this variation lies. As Figure 7.l(a) illustrates, the distribution of artefact sizes on 

deflated surfaces is positively skewed by artefact sizes 2 em or less. These make up 

53% (n=77) of the overall assemblage on deflated surfaces, while only 27% (n=63) 

of the combined sheet wash and uneroded categories (Figure 7.lb). Together, the 

results suggest that smaller artefacts are more likely to be preserved and subsequently 

discovered on wind-deflated surfaces than on other forms of eroded and non-eroded 

surfaces. 

In the previous chapter, higher artefact densities were often associated with 

environmental units of more gently sloping terrain. This relationship can be 

examined more directly here through the analysis of slope classes. 

Slope classes were recorded over a distance of 60m and 2m to compare different 

scales of slope length (Table 7. 7). 

Table 7. 7: Comparison of artefact counts by slope categories. 

Slope angle 
oo 1-10° 10-20° >20° 

Slope length n% n% n% n% 

60 metres 50 12 193 47 112 27 56 14 

2 metres 53 13 216 53 124 30 18 4 

Overall the results show a tendency for artefacts to accwnulate at low to moderate 

slope angles. This reinforces the previous observation that gentle terrain is a factor 

associated with high artefact density. The comparison of scales suggests that slope 

processes are at least partly responsible for the removal artefacts from very steep 

slopes by slope wash or mass movement. Measured over 60m there are more likely to 

be intermittent breaks of slope where artefacts will tend to accwnulate from higher 

slope angles. 

The relationship between slope angle and artefact size is analysed in Table 7.8 and 
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Figure 7.1(c). 

Table 7.8: Artefact size (in em) for combined artefact categories by slope. 

Slope angle class N range mean standard dev. 

oo 53 34 4.4 5.0 
1-10° 216 11 3.0 1.8 
10-20° 124 24 4.2 3.8 
>20° 18 8 4.7 2.0 

The data in Table 7.8 show that artefact sizes were on average more than lcm smaller 

on slopes between 1 and 10°, the modal class in Table 7.8. When the two lowest 

slope angles are combined (0°, 1-10°) and compared with the two highest (10-20°, 

>20 ), the differences in artefact size are statistically significant (t=l.96, d.f.=409, 

p=0.05). 

Further, as Figure 7.1 (c) indicates, the distribution of artefact sizes on slopes between 

1 and 10° is also skewed by artefacts with sizes 2cm or less. Of the overall 

assemblage 44% (n=95) are 2cm or less, while artefacts of this size make up only 

30% (n=59) of the remaining categories combined. 

Synthesis 

Preservation and detection of artefacts on the contemporary land surface appears to 

be preferentially associated with the following characteristics. 

1) Minimal tree and shrub cover, 

2) Relatively compact, fine-textured soils, 

3) Areas of bare ground where there is evidence of erosion by wind deflation or 

sheet wash, and 

4) Gentle slopes. 

Conversely, artefacts will tend not to be found (or found less frequently) on the 

following surfaces: 

1) In densely vegetated areas dominated by trees or shrubs 
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2).0n loose, unconsolidated drift sand and coarse alluvial sands, 

3) On aggrading or heavily eroded surfaces, and 

4) On steep slopes. 

Furthermore, artefacts found on wind deflated surfaces, compact soils and gentle 

slopes tend to be, on average, one to two centimetres smaller than artefacts recovered 

from other types of surfaces. 

From these results, it would be misleading to assume that the surface distribution of 

artefacts provides a clear window on the past. On the basis of the results described to 

this point, including those reviewed in Chapter 5, it is possible to draw some 

preliminary conclusions regarding the taphonomic processes affecting artefact 

recovery and their scale of operation. 

The artefact-level data presented above provide very fine-grained information on the 

geomorphic setting of individual artefacts. The scale of the data is finer than that of 

the data presented in Chapter 6, which describe the patterning of artefacts at landform 

and land pattern scale. These two sets of information are examined in conjunction in 

the remaining sections of this chapter. However, before proceeding, it is worth 

considering the relationship between the geomorphic information just described and 

the results of the spatial distribution of surface artefacts reviewed in Chapter 5. 

As shown in Chapter 5 there is a strong tendency for artefacts to cluster at scales less 

than a metre. More than half of the artefacts recorded during the survey were within 

one metre of at least one other artefact. The data presented in this chapter suggest this 

may be a reflection of the patchiness of the surface cover of vegetation and loose 

mobile sediment, both of which are closely related. Removal of vegetation, either by 

drought or grazing, exposes sediments which are then mobilised by wind or drought

breaking rains (Pickup 1991:471). Where sediments are in transit across the 

landsurface, surface visible artefacts tend to occur in areas with compact sediments 

where the overlying loose mobile layer of sediment has been removed. 

Although these processes are most visible at small scale and over the short term, their 

effects may be felt at different spatial and temporal scales. As Pickup (1991:471) has 
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described, the extent of erosional surfaces increases significantly in periods of 

drought, which in recent times has been intensified by grazing. Often, an alternating 

sequence of erosion and deposition develops on active floodplains and valley sides 

(1991:471). This produces a situation where artefacts are often confined to those 

areas of both high ground surface visibility (with lack of vegetative cover) and areas 

of eroded or deflated sediments. The close relationship between visibility and erosion 

has been noted in the Hunter Valley region of southeastern Australia by Hughes and 

Koettig (1989:7). 

While vegetation may have some influence on the visibility of artefacts on the 

surface, these observations, together with the results of this study suggest a more 

indirect role. Bare eroded areas, termed 'exposures' by Hughes and Koettig (1989:7), 

are often found on gentle slopes with relatively compact fine-textured alluvial soils. 

The compaction of the soil affects its ability to retain water and in turn stimulate 

plant growth (Pickup 1985:118). As a consequence, vegetation tends to favour areas 

of loosely compacted sediments. Small clumps of vegetation clinging to islands of 

wind-trapped sediments are a familiar sight in arid landscapes (Friedel and Squires 

1983:118). Vegetation cover, once established, reduces wind velocity and acts as a 

sediment trap. Thus it seems unlikely that many artefacts would be detected on 

relatively well-vegetated surfaces even if very thorough searches at ground level 

were undertaken. 

While processes affecting artefact detection can be generalised to a range of arid 

landform and land pattern types, their effects are likely to registered in different ways 

and different magnitudes depending on landscape position. In the following sections 

these factors are considered more closely in an attempt to control for their effects on 

artefact distribution. 

7.3 Controlling the effects of visibility and exposure 

This section analyses the effects of geomorphic variables on comparisons between 

study areas, land systems and land units to assess their validity for the study of 

settlement processes. 
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Establishin~ controls 

If, as argued above, geomorphic processes have acted to modify surface artefact 

distributions, it is appropriate to control these processes in the comparison of surface 

materials from different environmental settings. This is done firstly by examining the 

extent to which geomorphic processes are covaried with other environmental 

variables assumed to reflect settlement. 

Secondly, using the results of the previous analysis of geomorphic processes, it is 

possible to defme a set of optimal conditions for artefact recovery. The data used to 

construct settlement can then be assessed in terms of the extent to which optimal 

recovery conditions were met during the survey. 

The third step in this procedure is to hold the key geomorphic variables constant 

while comparing the differences in artefact density and assemblage variability 

between study areas, land systems and units. The results can then be used to assess 

inferences drawn in the previous and following chapters regarding the nature of 

prehistoric settlement. 

Definini conditions 

In the first part of this chapter it was found that high artefact frequencies were 

associated with the variables of vegetation cover, soil compaction, nature of erosion 

and slope angle. Using the data from this analysis it is possible to provide critical 

values for the variables affecting surface visibility and exposure. When the figures 

for these variables fall below their critical values, conditions for artefact recovery are 

considered to be less than optimal. 

To be considered as optimal, the surface on which artefacts were recorded should 

have the following four characteristics 

1) Surface visibility 80% or greater, 

2) Soil compaction firm to hard, 

3) Wind deflation or sheet wash erosion, and 

4) Slope angle between 1-20°. 
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To provide a measure of density it is necessary to use data from the recording of 

environmental variables along transects. In addition to the artefact level data, which 

has been described above, information on vegetation cover, soil compaction, erosion 

type and slope angle class was also gathered over I Om intervals in conjunction with 

the recording of environmental units (land systems and land units). These data, 

though less accurate, allow an estimation of the surface area taken up by each 

geomorphic variable (Table 7.9) which, when divided by the number of artefacts 

found, can be converted to a density value. 

When areas with optimum recovery conditions are combined for the 60 transects, the 

density data provide another measure of the influence of surface visibility and 

exposure. Approximately half (n=196, 48%) of the artefacts recorded during the 

survey were found in only 8% of the total survey area where optimal conditions for 

the recovery of artefacts were met. This confirms the results of the artefact-level 

analysis in suggesting that surface visibility and exposure are strongly correlated with 

areas of high artefact density. 

7.4 Reanalysis of artefact density 

Study areas 

Table 7.9 shows the relative extent of optimal conditions for artefact recovery in each 

of the three study areas while Table 7.10 compares artefact density under optimal 

recovery conditions. 

Table 7.10: Comparison of artefact densities by Study Area under optimal recovery 
conditions. 

Area8 (m2
) 

Number of artefactsb 
Density 
(Artefacts/ Area) 

1. Storm Creek 

2470 
131 

1/19.0m2 

a) area surveyed under optimal recovery conditions. 
b) number of artefacts recorded under optimal conditions 
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Study Areas 

2. !lara Creek 

1350 
49 

1127.6m2 

3. Middleton Ponds 

1180 
16 

l/73.8m2 



Table 7.9: Proportion of area surveyed (m2
) for each critical geomorphic variable by 

environmental units. 

visibility• soilb erosionc sloped Total 
mz olo mz% m2 0/o mz% mz 

Study Area 

1 Storm Creek 11250 56.2 12260 56.3 2490 12.4 12150 60.7 20000 
2 Ilara Creek 10040 50.2 9610 48.0 3060 15.3 10290 51.4 20000 
3 Middleton Ponds 11385 56.9 12045 60.2 2780 13.9 14130 70.6 20000 

Land system 

I Krichauff 4340 50.0 3010 34.7 200 2.3 4630 53.3 8680 
2 Gillen-1 4190 67.0 4440 71.0 100 1.6 1920 30.7 6250 
3 Gillen-2 8280 60.5 7320 53.5 4170 30.5 8890 64.9 13690 
4 Sonder 2300 36.4 5100 80.7 0 0 3900 61.7 6320 
5 Middleton- I 2665 88.4 2665 88.4 150 5.0 1515 50.2 3015 
6 Middleton-2 1700 60.7 1650 64.7 1150 45.1 1600 62.7 2550 
7 Finke 5260 76.9 4890 71.5 1490 21.8 2030 29.7 6840 
8 Simpson 1940 26.4 640 8.7 370 5.0 7335 99.7 7355 
9 Singleton 2000 39.2 4200 82.4 700 13.7 4000 78.4 5100 

Land Unit 

1 crest 1510 74.4 1690 83.3 0 0 1930 95.1 2030 
2 upper slope 11765 61.6 13045 68.4 0 0 5045 26.4 19085 
3 lower slope 3710 61.7 3890 64.7 2610 43.4 5680 94.6 6010 
4 bench 1100 64.7 600 35.3 180 10.6 1700 100 1700 
5 plain 9070 52.0 11050 63.3 2650 15.2 10610 60.8 17450 
6 stream terrace 2400 51.8 2750 59.4 2380 51.4 3270 70.6 4630 
7 stream bed 550 56.1 0 0 0 0 180 18.4 980 
8 pediment 200 100 150 75 0 0 200 200 200 
9 dune 1290 76.8 290 17.3 290 17.3 1660 98.8 1680 
10 swale 1000 16.6 450 7.5 0 0 5955 98.7 6035 

a) surface visibility 80% or greater 
b) soil compaction firm/hard 
c) wind deflation/sheet wash 
d) slope 1-2{! 
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Table. 7.9 also shows that when all of the four critical variables are combined, 

conditions favourable to artefact recovery were more extensive in Study Area 1 

(Storm Creek) than in the other study areas. When these conditions are held constant 

(by dividing the number of artefacts recovered by the area surveyed under optimal 

conditions), Study Area 1 (Storm Creek) remains the study area with the highest 

artefact density (Table 7.10). 

These results thus reinforce the findings in Chapter 6 which revealed that the quantity 

of archaeological material in the landscape was not positively correlated with water 

permanency. 

Land Systems 

It will be recalled that in Chapter 6, Gillen-2 (foothills, alluvial fans and plains) 

produced the highest artefact densities of all land systems. When variables affecting 

surface visibility and exposure were selected, Gillen-2 was the only land system to 

provide a sufficiently large sample. The other land systems contained too few areas 

where all four conditions (which together provide 'optimum recovery') were met. In 

this study, the very good conditions of surface visibility and exposure in Gillen-2 

compared with other systems make it impossible to control for these factors in the 

comparison of artefact density. 

Land units 

Small samples also pose a problem for the comparison of land units. Optimal 

conditions were only sufficiently represented in four land units to enable density to 

be calculated and compared. Areas with optimal recovery conditions were recorded 

in lower slope, plain, stream terrace and dune units (Table 7.11). 

The results in Table 7.11 conform to the general pattern described in Chapter 6, with 

dunes and stream terraces having a higher density of artefacts than less discretely 

localised features such as lower slopes and plains. These results, however, vary 

slightly from those in Chapter 6, with dunes ranked as the highest density units 

replacing stream terraces. While these results suggest that visibility and exposure 

exert a stronger influence on sand dunes than on stream terraces, the small survey 
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area (particularly for dunes) and the differences between geomorphic processes 

operating in dune and stream environments complicate the comparison between these 

two units. 

Table 7.11: Comparison of artefact densities by land unit under optimal recovery 
conditions. 

Land Unit 

lowers/ope plain stream terrace dune 

Areaa surveyed (m2
) 1790 1080 1460 270 

Number of artefactsb 29 12 100 37 
Density 

1/61.7m2 (Artefacts/ Area) 1190m2 l/14.6m2 1/7.3m2 

a) area surveyed under optimal recovery conditions. 
b) number of artefacts recorded under optimal conditions 

These factors are likely to be less of a complicating factor on valley floors where 

processes of sediment erosion, deposition and transport are more closely related. 

When critical geomorphic variables are held constant, densities for stream terrace 

remain well above those for plain and lower slope. These results are consistent with 

occupation focused on drainage lines and watering points, as suggested by the 

analysis of artefact and site patterning in Chapter 6. 

7.5 Assemblage variability and formation processes 

Geomorphic variables affectilli flake size 

As noted above, the characteristics of the contemporary landsurface affect not only 

artefact density but also size. Specifically, artefacts found on deflated surfaces, 

compact soils and gentle slopes tend to be one to two centimetres smaller. In almost 

any type of knapping activity, small flakes are the most common type of artefacts 

produced. From analysis of size distributions (Figure 7.1 ), the lack of small flakes on 

some surfaces suggests size-sorting, with small flakes lost from assemblages or 

undetectable on loose, uneroded, sloping surfaces. While this interpretation assumes 

that most flakes are the result of in situ knapping and not transported to an activity 

locus and discarded as unmodified tools, the relatively low mean size attributes of 
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flakes.recovered from the excavated deposits, described in Chapter 8, supports the 

view that small flakes are less likely to be detected on loose, uneroded and sloping 

surfaces. 

Under differential conditions of preservation such as these, comparisons based on 

artefact size or related aspects of surface assemblages (including type) may be 

invalidated. In particular, because flaked stone artefact manufacture is a subtractive 

process, unretouched flake size has been cited as a useful and relatively direct 

measure of reduction intensity or stage (Callahan 1979:33, Shott 1994). If, however, 

artefacts are naturally sorted according to size, these inferences are prone to be 

misleading, no matter how direct the measure. 

Comparison of assemblages 

Taken from the results above, the land surfaces which provide the best conditions for 

recovery of artefacts in the range 1-2cm are: 

1) Soil compaction fum or hard, 

2) Slope angle 1-10°, and 

3) Wind deflated and sheet wash erosion. 

Applying these conditions to assemblages from study areas, land systems and land 

units provides a means of controlling the effects of size-sorting. Because the 

emphasis is on artefact attributes rather than density, the data for this analysis can be 

taken from the recording of geomorphic variables at artefact level. 

When the three critical variables are selected, the resulting sample sizes are 

significantly reduced (Table 7.12). It would be difficult to generalise on the basis of 

these samples. To increase the sample size, the values for slope could be extended to 

include flat surfaces (0°). Although flat surfaces were correlated with average or 

above artefact sizes in Table 7.8, included in this category were artefacts on valley 

floors and sandplains where sediments are aggrading. By selecting only deflated 

surfaces with relatively compact soils, it can be safely assumed that recovery 

conditions on flat surfaces are similar if not better than on gentle slopes. The data 

from this analysis (with flat surfaces included) are shown in Table 7.12. The sample 
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Table 7.12: Comparisons of the lengths of whole unretouched quartzite/silcrete flakes 
by study area, land system and land unit (under **conditions). 

Flake length (em) 
n mean s.d. range 

Combined sample 47 2.9 1.5 5 

Study Area 

1 Stonn Creek 26 2.8 1.5 5 
2 Ilara Creek 16 3.0 1.3 5 
3 Middleton Ponds 5 2.8 1.8 4 

Land system 

1 Krichauff 4 3.75 1.3 3 
2 Gillen-! 0 
3 Gillen-2 22 2.7 1.6 5 
4 Sonder 0 
5 Middleton-! 0 
6 Middleton-2 0 
7 Finke 13 3.0 1.4 5 
8 Simpson 4 3.5 1.3 3 
9 Singleton 4 2.25 1.5 3 

Land Unit 

1 crest 0 
2 upper slope 0 
3 lower slope 11 3.4 1.8 5 
4 bench 0 
5 plain 2 4 
6 stream terrace 22 2.8 1.3 5 
7 stream bed 0 
8 pediment 0 
9dune 7 3.0 1.5 4 
10 swale 0 

** conditions 
1) soil compaction firm or hard 
2) slope angle 0-10° 
3) wind deflation/sheet wash erosional surface 
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sizes are increased slightly, although not sufficiently to allow generalisation from the 

samples. Restricting the analysis to whole flakes in a single raw materials class 

further reduces sample size. A t-test of the significance of the difference between 

Study Areas 1 and 2 indicates the differences are not statistically significant (t=0.19, 

d.f.=40, p=O.l). While supporting the results in Chapter 6, the small samples do not 

inspire confidence. 

Controllin~ the effects of size-sortin~ 

The problems encountered here illustrate some issues which are of general interest in 

the study of variability in surface artefact assemblages. Controlling geomorphic 

factors which account for assemblage variability in surface artefact assemblages will 

often impose limits on sampling. To obtain a sufficient sample may require the use of 

purposive sampling techniques, commonly used in sampling rare or exceptional 

items. However, this may impose further bias on the types of environmental settings 

which can be studied. This would create difficulties for a regional landscape 

approach which requires representative samples from different environmental 

settings, unless the conditions suitable for sampling were sufficiently widespread. 

Sampling considerations are critical to controlling a range of factors which 

potentially account for variability in stone artefact assemblages. Recent discussion of 

assemblage variability has drawn overdue attention to these issues in the Australia 

arid zone (Holdaway 1995a, 1995b, Veth 1995b ). Between-assemblage comparison 

has been well tried in central Australia and the Australian arid zone as a whole (Cane 

1984, Gould and Saggers 1985, Saggers 1982, O'Connell 1977, Veth 1993). This 

possibly reflects an assumption, albeit implicit, that assemblages are more complete 

or intact in arid regions than in other environments. 

The results of this study suggests that factors affecting preservation of surface 

assemblages must be considered as a form of sampling in their own right, with 

certain size classes, in particular, affected by erosion and slope processes. Further, it 

can no longer be assumed that arid environments, because of their reduced vegetation 

and sediment cover, avoid the regional sampling problems that are a prime 

consideration in more densely vegetated landscapes. 
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7.6 Discussion 

The previous chapter examined variations in the nature and distribution of 

archaeological materials across the landscape. In this chapter, the investigation of 

formation and recovery processes enabled a reanalysis of the data. The results of this 

chapter show that ground surface conditions affecting surface visibility and exposure 

are often closely related to landform and terrain patterns likely to have influenced 

human settlement. 

Covariation between these variables poses a particular problem for regional scale 

landscape research. The notion that the contents of sites or landscapes will vary as a 

function of their role in settlement patterns and land use has been integral to the 

regional approach. The contribution of a number of factors in combination, rather 

than any single variable, is increasingly recognised in the study of assemblage 

variability (Rolland and Dibble 1990:493). While in some cases, it may be possible 

to control variables to a certain extent, in others isolating sources of variability 

remains difficult and settlement patterns can at best be seen as a partial contributor to 

the observed patterning in the archaeological record. 

In the case of the land system classification used in this study the variables assumed 

to attract settlement and those affecting exposure were strongly covaried. Land 

systems have been classified largely on the basis of their potential use in the recent 

pastoral industry. Perry (1978) took this further and observed that the concentration 

of resources in a narrow strip of land along floodplains (Finke land system) and at the 

foot of the ranges (Gillen-2) has been a source of conflict between pastoral and 

Aboriginal land users vying for access. 

Evidence presented in the previous chapter generally supports this observation in that 

both the quantity and type of archaeological materials found in Gillen-2 and Finke 

suggests that prehistoric occupation was focussed in these parts of the landscape. 

However, conditions of exposure and surface visibility were relatively high in Gillen-

2 compared to other land systems, suggesting that the results may reflect as much the 

effects of grazing-induced exposure. Because of the lack of similar conditions in 

other land systems, it was not possible to control for these effects in the comparison 

of artefact density. 
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Similar problems affected the comparison of land units, although conditions 

preferentially favouring artefact recovery were able to be held constant in four units. 

Dunes and stream terraces re-emerged from the analysis with higher artefact densities 

than less discretely localised features such as plains and lower slopes. As discussed 

in the previous chapter, dunefields in the study areas are composed mainly of short 

and irregular dunes with wide swales (Perry eta/. 1962:91, Type C). Both dunes and 

stream terraces, which are narrowly distributed, are relatively localised features of the 

landscape. The results of the reanalysis support the conclusion in Chapter 6 that high 

artefact densities are associated with specific features in the landscape which are 

likely to have acted as foci. 

However, the often close relationship between the boundaries of scatters and areas of 

exposure complicates these interpretations. Broad-scale variations, which provide a 

general measure of land use intensity, may therefore provide a more valid means of 

observing the distribution of artefacts at regional level, as Foley (1981:170) has 

suggested. The data presented here generally support this contention. Processes 

affecting surface visibility and exposure operate primarily at local or micro scale, as 

illustrated by the thin veneer of loose mobile sediment which is intermittent over 

much of the landscape. 

Ultimately, however, localised processes affecting exposure must be linked to the 

analysis of regional processes if they are to be of use in the study of settlement 

pattern. As shown by the example of dunes and stream terraces, relatively dense 

concentrations of artefacts at smaller scale tend to skew the artefact densities 

recorded for broader scale units (transects, study areas and land systems). This will 

complicate interpretations aimed at the broad scale of land use. Unless factors 

influencing smaller, localised variations have been controlled, broad-scale 

comparisons may produce weak or incorrect results. 

At the scale of study areas, factors affecting surface visibility and exposure were able 

to be held constant in all three study areas, providing a much reduced though more 

extensive sample than was possible in the case of land systems and land units. In 

Chapter 6, it was shown, unexpectedly, that artefact densities were not contingent on 

conditions of water permanency within study areas. These findings were supported in 
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this chapter by comparing the samples under conditions of optimum surface visibility 

and exposure. The results reinforce the notion that ephemeral waters in the Levi 

Range were as much (if not more) of a focus for prehistoric settlement in the Palmer 

River catchment during the period of occupation represented by the surface materials 

than the permanent waters along Illara Creek. 

These results, though strengthened by the investigation of geomorphic processes as 

part of the survey, account only for only the most recent episodes of erosion and 

deposition. The data presented here primarily reflect geomorphic processes of the 

contemporary landsurface. Further, artefacts will only become visible at the surface 

where erosion exceeds deposition. The results presented above indicate that in parts 

of the Palmer River catchment, sediment has been removed at a much faster rate than 

it can be replaced by weathering of bedrock. In a desert catchment, erosion initiated 

by vegetation removal (either natural or cultural) redistributes sediment downstream. 

These processes are likely to have contributed differentially to exposure and burial in 

different parts of the catchment. It was noted in the previous chapter, for example, 

that higher artefact densities were recorded on stream terraces near the foot of the 

ranges (Gillen-2 land system) than on the broad floodplains and floodouts of the 

Finke land system. On footslopes and higher ground, where there is a limited supply 

of sediments to replace erosion, artefacts are more likely to be exposed on the 

surface. 

Of the three study areas, the potential for artefacts to be buried by aggrading 

floodplain sediments appears to be greatest in Study Areas 2 (lllara Creek) and 3 

(Middleton Ponds). Study Areas 2 and 3 straddle the major floodplains of Illara 

Creek and the Palmer River. A high proportion of sites in these study areas were 

recorded along the river corridor and near the margins of the floodplain (Figures 6.2 

and 6.3). The targeting of floodplains and stream channels as a focus for settlement 

may have therefore diminished the chances of site survival and recovery in Study 

Areas 2 and 3. The pattern of sites in Study Area 1 (Storm Creek) suggests a weaker 

relationship between site distribution and the floodplain of Storm Creek, which is 

less extensive than the floodplains of the two other study areas. Thus it is possible 

that cultural preferences for sites on higher ground in Study Area 1 may have 
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favoured the preservation of archaeological materials and contributed to a lower 

density of artefacts in the more permanently-watered portions of the landscape. 

To gain a better understanding of these processes and their effects on artefact density 

at the surface requires further geomorphological research directed at the analysis of 

floodplain stratigraphy. Preferences for camping on unstable or aggrading surfaces 

are likely to influence site survival and detection, factors which will be difficult to 

control in many situations. However, the results of this study have shown the 

potential for sites to be exposed on surfaces which appear to be rapidly aggrading, 

suggesting that rates of erosion may exceed deposition even on floodplains bordering 

major stream channels. 

These fmdings suggest that recent formation processes are critical factors affecting 

the archaeological record in the Palmer River catchment. As Waters (1991:144) notes 

'even if sites are initially preserved, later degradation of the landscape affects their 

chances of survival'. Thousands of years of preservation may amount to little if the 

landform processes of a single event act to remove artefacts from the contemporary 

land surface. 

In this chapter, the analysis of the attributes of the surface sediments has contributed 

to an understanding of recent formation processes. This analysis has been particularly 

revealing of the processes which have acted to expose artefacts on the surface and 

thus affect their chances of recovery during the archaeological survey. In the 

following chapter, the investigation of a series of stratified deposits provides insights 

into the depositional histories of the surface and subsurface materials. Foil owing the 

analysis of the excavated materials, Chapter 9 examines the implications of their 

depositional sequences for interpreting the temporal dimensions of the surface 

archaeological record. 
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CHAPTERS 

THE STRUCTURE OF THE SUB SURF ACE ARCHAEOLOGICAL RECORD 

8.1 Introduction 

This chapter presents and analyses the evidence from five newly excavated deposits 

in the Palmer River catchment. The previous empirical chapters have described the 

characteristics of archaeological materials from the surface and examined a range of 

environmental factors contributing to their patterning. In this chapter, the sample of 

newly excavated sites are described individually, while the following chapter 

synthesises the combined evidence with a view to developing a regional chronology 

for the Palmer River catchment. 

8.2 Methods 

Sampling strategy 

The locations of the five excavated sites are shown in Chapter 1, Figure 1.2. Their 

environmental settings are shown in Figure 8.1 and their location and depositional 

contexts are summarised in Table 8.1. The sampling strategy for the excavated sites 

is discussed more fully in Chapter 3, and is summarised below. 

Table 8.1: Characteristics of the sample of newly excavated sites in the Palmer River 
catchment. 

Site Name Study Area Deposit type Area excavated (m2
) 

Kulpi Mara Rockshelter 1 upper/middle slope 
Kulpi Mara Open Site 1 valley floor 
Irtikiri Rockshelter 1 valley floor 
Ilarari 19 Rockshelter 2 upper/middle slope 
Amngu Rockshelter 3 upper/middle slope 

Valley floor - deposit forms part of valley floor or lower slope 
Upper/middle slope - deposit held in place by scree slope/roof fall 

3 
1 
1 
1 
1 

In keeping with the problem orientation of this research, the stratified sites which 

make up the sample were selected to highlight variability across the landscape. As 

noted in Chapter 3, selection of stratified sites poses a similar set of sampling 
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Plate 1: Kulpi Mara Rockshelter Plate 2: Kulpi Mara Open Site 

Plate 3: lrtikiri Rockshelter Plate 4: llarari 19 Rockshelter 

Plate 5: Arnngu Rockshelter 

Figure 8.1 

Local environmental settings of the five sites examined for the excavation component of the study. 
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problems to surface materials, i.e. incomplete samples, bias toward particular site 

and/or landscape types, and uncontrolled variation resulting from cultural and non

cultural formation processes. 

In addition, the sampling of subsurface material poses its own particular set of 

problems. Constraints on available resources mean that excavation will generally be 

confined to much smaller areas than is possible in the case of surface investigations. 

Excavations provide chronological depth at the expense of a more comprehensive 

sample of the spatial distribution of archaeological materials. Further, because 

resources are limited, areas are often targeted which will increase the probability that 

archaeological materials will be found in sufficient quantity and with the least 

possible disturbance. 

These constraints mean that excavation data will generally be less spatially 

representative than survey data. Because of the small sample, the strategy in this 

study was to compare sites from purposefully selected contexts rather than to obtain a 

representative sample of the full range of environmental settings within the 

catchment. One site was chosen to represent each of the three study areas (Kulpi 

Mara, Ilarari 19 and Arnngu Rockshelters). As shown in Table 8.1, the three sites 

were selected from similar local and depositional contexts in an attempt to control 

variability from localised cultural and natural formation processes. 

In addition, a further two sites were selected from one study area (Kulpi Mara Open 

Site and Irtikiri Rockshelter, both from Study Area 1 • Storm Creek) to enable 

different types of deposit (open site deposits and valley floor deposits with internal 

and external sources of sediment) to be compared within a single study area. It was 

envisaged that the selection of the additional two excavation plots in one study area 

would allow the contribution of local variation to the regional patterning to be 

addressed in a preliminary way. 

All of the excavated sites were either part of larger surface artefact scatters or were 

located in the immediate vicinity of large artefact scatter/art sites. As discussed in 

Chapter 5, sites of this type are relatively uncommon compared with small 

undifferentiated artefact scatters. From the evidence presented in Chapter 6, the 
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larger. artefact scatters can be seen as sites which acted as a focus for reoccupation. In 

the case of the rockshelters, the possibility of obtaining a sequence of occupation was 

increased by their more confined living areas. These sites, though not representative 

of the most common types of sites, provided the best potential for preserving a build

up of occupational debris which could be excavated to provide an indication of long

term change in settlement patterns. 

Excavation methods 

The deposits were excavated using methods and a recording format similar to that 

widely used in Australia as described in Johnson (1979) and Johnson and Jones 

(1985). The following procedures were observed in each case except where noted in 

the site descriptions. 

1) Prior to excavation, a plan was prepared of each locality and a surface collection 

carried out in 5 x Sm quadrats. 

2) Initially all excavations were 1m2
• Kulpi Mara was later extended to 3 x 1m2 to 

provide a larger sample of artefacts and charcoal from the early levels. 

3) Each deposit was excavated in arbitrary units of 2 to 3cm where no visible 

changes in stratigraphy were noted. Otherwise, excavation followed the stratigraphic 

changes observable in the field. Hearths and other spatially confined features were 

removed separately. 

4) Detailed notes on the texture, morphology and structure of the sediments were 

taken during excavation. Munsell colours and soil pH were record for each spit. 

5) The deposit from each spit was weighed and the larger rocks (over 5cm) counted, 

weighed and then discarded. 

6) The remaining deposit was screened gently through two nested sieves. The size of 

the apertures were 0.25 inches (6.35 mm) and 0.125 inches (3.175 mm), with slight 

variations expected in each case (hereafter rounded and referred to as the 6mm and 

3mm sieve fractions). 
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7) All excavations were continued to bedrock for the purpose of reconstructing the 

geomorphic history of the deposit. 

8) Bulk samples of approximately one kilogram in size were extracted from every 3-

4 spits or where changes were detected in the sediments during excavation. 

Sortin" and analysis 

Excavated materials were initially hand sorted into the categories of flaked and 

ground stone artefacts, artefacts made from organic materials, bone, charcoal and 

other organics. Charcoal was separated from gravels and fine rubble by flotation. 

Stone artefacts were sorted into raw material types, and unretouched and implement 

categories as outlined in Chapter 4. 

All categories of materials from the 6mm residue were sorted and weighed. Only 

stone artefacts were removed from the 3mm residues. The remaining materials were 

not sorted and analysed unless specific questions arose in the analysis of the 6mm 

residues. 

The bulk samples were processed in the laboratory at the Northern Territory 

University. Each sample was split into subsamples of 30-70gms and oven dried at 

50°C for 1 hour. The sand fraction was screened through a progression of four nested 

sieves at one-phi intervals (Hughes 1983: 115). The residue from each sieve was 

weighed to within 0.1 g. 

Data from the analysis of bulk sediment samples are tabulated in Appendix 1. All 

samples yielded highest values in the finest sieve fraction ( <0.25mm), reflecting the 

overwhelming dominance of fine sand in the local sediment. Given the predominance 

of a single size class, differences between the origins of the sediments within and 

between sites could not be determined without more detailed sedimentological 

analysis, which was beyond the scope of the present study. 

Materials recovered from the sieve residues were processed in Alice Springs. 

Accordingly, the methods for sorting and analysis were relatively basic. Materials 

recovered by flotation were dried in the open air, which proved to be a rapid and 
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efficient method in the dry central Australian climate. Rubble from the 6mm sieve 

was weighed to within the nearest O.lkg and discarded. All other samples were 

weighed in Alice Springs at the laboratories of the Power and Water Authority, 

CSIRO and Northern Territory Parks and Wildlife Commission. 

Radiocarbon determinations 

Unless otherwise stated in the following excavation reports, charcoal samples 

submitted for radiocarbon determinations were collected from discrete concentrations 

which were observed in situ during excavation and removed prior to sieving. A full 

list of radiocarbon dates is presented in Table 8.2. 

Samples were selected to span the stratigraphy at each site. Dates were submitted in 

order of depth, beginning with the lowest samples. If samples returned modem or 

near modem dates, no further samples from above that date were submitted. This 

could tend to skew the sample toward earlier dates (Rick 1987 :60). 

The data in Table 8.2 have been calibrated using the Calib program (Stuiver and 

Reimer 1993). The Calib program provides interceptions with calibration curves to 

11,390 calendar years based on tree-ring data and to 21,950 calendar years from an 

inferred spline using uranium/thorium and radiocarbon dating of marine corals. The 

program fails to calculate dates older than 18,367 radiocarbon years BP. While 

estimates for older dates may be possible for specific purposes, e.g. comparison of 

radiocarbon and luminescence estimates (Smith et a/. 1997), the validity of this 

method for developing a single calibrated chronology which extends beyond 12,000 

years must remain questionable. 

8.3 Kulpi Mara Rockshelter 

Kulpi Mara Rockshelter is a large sandstone rockshelter on the south-facing 

escarpment of the Levi Range. The escarpment rises from the Storm Creek valley 

floor above a succession of hillside terraces which form a series of steps to the 

summit of the range. The rockshelter lies toward the eastern end of a larger site 

complex described in Chapter 5 (see Figure 5.5) and is further than a kilometre from 

the major rockhole at the western end of this complex. Rock slopes at the front of the 
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Table 8.2 Radiocarbon determinations from excavated deposits, Palmer River catchment. 

Site Square/spit Lab Code Sample Weight (g) Uncalibrated age Calibrated age1
'
1

' 
3 

before pretreatment after pretreatment (years SP) (years SP) 

Kulpi Mara Open Site AS Seta-98036 3.0 1.5 510±70 645 (524) 339 

Kulpi Mara Rockshelter C4 Seta-98035 10.3 5.5 2,500±60 2,752 (2,709, 2,621, 2,581, 
2,541, 2,533, 2,509) 2,353 

AIO Wk-4582 2.8 1.4 12,800±260 15,943 (15114) 14,675 

Cl4 Wk-5061 4.45 2.45 12,790±150 15,626 (15097) 14,537 

C16 Wk-5062 3.35 1.7 12,060±240 14,774 (14065) 13,481 

A16 Wk-4583 3.0 1.45 24,250±620 ## 

A24/25 Beta-87006 2.7 0.9 23,730±1250 ## 

S33 Beta-98034 1.2 ? 29,510±230 ## 
(AMS) 

N Irtikiri Rockshelter A4 Seta-89593 5.2 2.7 80±80 290 (0*) 0* N 
0 

AIO Beta-89594 20.2 13.6 310±60 502 (312) 0* 

A16 Seta-83923 2.7 0.9 2,670±110 2,985 (2,763) 2,468 

Ilarari 17 Rockshelter4 LIO Beta-5349 ? ? 3,210±90 3,631 (3,443, 3,435, 3,399) 
3,214 

Ilarari 19 Rockshelter A6 Seta-l 06997 20.8 8.3 2,170±60 2,331 (2,142) 1,990 

A7 Seta-98033 4.1 2.4 2,770±90 3,103 (2,855) 2,744 

Amngu Rockshelter AS Seta-l 06998 3.6 2.8 70±70 281 (0*) 0* 

Al4 Beta-96376 3.5 1.3 1,420±100 1,527 (1,309) 1,164 

I. Calibrated by CALIS program Rev 3.0.3 (Stuiver and Reimer 1993). 

2. Presentation follows procedure recommended in CALIS Manual, ie [maximum calendar age ranges (calibrated age) minimum cal. age ranges].*= "negative" age SP 

3. Ages ranges calculated at 2 sigma by Method A: intercepts with curve (Lab Mutliplier =I).##= beyond curve limit 

4. Reported in Smith (1988) 



shelter are dotted with hop bush (Dodonea sp.), spear bush (Pandorea sp.) and 

spinifex (Triodia sp.), opening out onto flats of mulga (Acacia sp.) and annual 

grasses. 

The overhang above the excavated deposit continues along the escarpment for over 

1OOm, though for most of its length the floor is covered in boulders and appears to 

contain only shallow deposit. Rock art occurs through most of the shelter (over 1,200 

motifs recorded by Gunn 1995b ). The dominant motifs are hand stencils, with a 

smaller quantity of engravings, hand prints and object stencils. 

A relatively boulder-free area in the middle of the shelter was chosen for the 

excavation (Figure 8.2). In this part of the shelter, the overhang reaches its widest 

and has a slightly mounded deposit, secured by massive blocks of roof fall. These 

give way to a steep scree slope at the foot of the escarpment. A large block of roof 

fall flanking the deposit to the east has three well-defined grinding patches and a 

pecked engraving. Stencils on the shelter roof directly above this bench are 

dominated by objects, which include a hooked boomerang, several stone axes and a 

fighting pick. 

The deposit was excavated over three field trips in 1995/1996. A 1 m2 pit was placed 

inside the dripline under a low ceiling slightly above head height (Square A, Figure 

8.2). This was later extended both toward the dripline and further south by 2 x 1 m2 

(Squares B and C, Figure 8.2). A small incision was cut into a ledge along the rear 

wall of the shelter to provide a permanent site datum. 

D~osit 

Figure 8.2 shows the stratigraphic profile depicting stratigraphic layers and discrete 

features observed during excavation. The deposit consists of four layers: 

1) An upper unit of loose grey sand and charcoal. This contains well 

preserved organic materials, charcoal lenses and hearths, 

2) A slightly more compact layer similar to layer 1 but without discrete 

charcoal pits and hearths, 
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3) An indurated reddish layer with grey mottled patches from residual hearths 

and charcoal features and 

4) A basal layer of sterile white sand which appears to represent the in situ 

weathering of bedrock. 

The results of the grain size analysis of bulk sediment samples are listed in Appendix 

1 and the composition of the sediments, charcoal and ecofacts in Tables 8.3 to 8.8. 

The sediments in the deposit comprise a well sorted mostly fine sand. Analysis of 

roof fall samples under 30x magnification indicate a similar size distribution in the 

shelter bedrock. A very fme red sand makes up a small component of the fine sand 

fraction of the sediment, which may be derived either from a wind blown source or 

from the oxidisation of sediments in the rockshelter. The microscopic analysis of 

grain size and the topographic position of the shelter suggest that the primary source 

of sediment in the deposit is from weathered material from the shelter walls and roof. 

Discrete charcoal features occur in layers 1 and 3 but are absent from layer 2, on 

which they appear to lie unconformably. Layer 1 is characterised by abundant 

organic materials, particularly charcoal, and the presence of discrete charcoal pits and 

lenses. These features decrease abruptly in layer 2 where there is an apparent 

decrease in organic matter and charcoal due to biochemical oxidation (Tables 8.4, 8.6 

and 8.8). The shape of the charcoal features in layer 1 resembles the structure of 

cooking pits, and a discrete concentration of hearths stones were uncovered from Spit 

8 in Square A. The contours of the bottom of the hearths are not horizontal but 

undulate, and are intrusive into the underlying layer up to a depth of almost 30cm in 

places. 

There are several charcoal-stained features in layer 3 which appear structurally 

similar to the hearths in layer 1. These show up in the stratigraphy as soft grey 

patches and stains, which in some cases were associated with charcoal. The results 

for Square B (Table 8.6) show peaks in the weight of charcoal in Spits 31 and 22 

which coincide with discrete dark-stained sediments visible in the stratigraphic 

profile at this depth (Figure 8.2). Similar grey stained sediments without charcoal 

were found in Square C. Several of these features were sufficiently discrete to be 

excavated as separate units. Bulk sediment samples were taken to compare the 
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Table 8.3: Weight of sediment and rubble by spit, Square A, Kulpi Mara Rockshelter. 

Spit Average depth Total weight Weight of rubble 
(em below datum) of sediment (kg) >6mm(kg) 

Layer 1 
1 155 32.3 1.5 
2 157 48.4 1.5 
3 161 59.2 1.5 
4 164 52.3 0.3 
5 167 45.3 1.0 
6 170 53.6 0.3 
7 173 9.7 5.3 
Total 18 300.5 11.4 
Average 42.9 1.6 

Layer2 
8 173 51.3 1.1 
9 176 47.8 0.5 
10 179 54.2 1.8 
11 182 65.4 1.5 
12 186 54.5 0.5 
13 189 47.9 0.3 
14 192 45.3 2.1 

Total 19 366.4 7.8 
Average 52.3 1.1 

Layer3 
15 195 48.3 0.1 
16 198 43.5 0.3 
17 201 42.3 0.1 
18 204 52.0 0.7 
19 207 49.1 0.3 
20 210 49.0 0.7 
21 214 52.6 7.4 
22 217 51.3 4.1 
23 219 50.9 1.1 

24 223 42.2 1.7 

25 226 45.6 0.5 

26 229 16.5 0 
27 230 16.1 0.1 
28 232 12.5 0.2 

29 233 38.0 4.7 
30 235 30.7 3.4 

Total 40 640.6 25.4 
Average 40.0 1.6 
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Table 8.4: Weight (in grams) of organic remains per 10 kilograms of sediment (from 
combined 6mm sieve residue and objects removed in situ) by spit, Square A, Kulpi 
Mara Rockshelter. 

Spit Charcoal Bone Other 
(gramsl10kg) (grams110kg) (grams/10kg) 

Layer 1 

1 221.45 0.65 55.12 
2 122.15 0.55 21.47 
3 209.59 2.34 15.22 
4 118.87 1.82 1.78 
5 119.09 1.46 1.14 
6 50.62 1.90 0 
7 191.13 1.30 0 
Average 147.56 1.43 13.53 

Layerl 

8 6.58 0 0.04 
9 2.53 0 0 
10 1.46 0 0 
11 1.30 0.06 0 
12 0.75 0 0 
13 0.58 0 0 
14 0.35 0 0 
Average 13.55 

Layer3 

15 0 0 0 
16 1.79 0.13 0 
17 0.07 0 0 
18 0.13 0 0 
19 0.10 0 0 
20 0.40 0 0 
21 0.83 0 0 
22 0.58 0 0 
23 0.47 0 0 
24 0.60 0 0 
25 0.52 0 0 
26 0.24 0 0 
27 0.37 0 0 
28 0 0 0 
29 0 0 0 
30 0 0 0 

Average 0.38 

225 



Table 8.5: Weight of sediment and rubble by spit, Square B, Kulpi Mara Rockshelter. 

Spit Average depth Total weight Weight of rubble 
(em below datum) of sediment (kg) >6mm(kg) 

Layer 1 
1 159 51.0 1.1 
2 160 13.1 0.3 
3 162 16.7 0.5 
4 164 50.7 0.6 
5 167 50.9 0.6 
6 170 45.3 0.5 
7 173 46.5 0.4 

Total 14 274.2 4.0 
Average 39.2 0.6 

Layerl 
8 177 45.0 0.9 
9 180 63.7 0.9 
10 183 38.3 1.3 
11 185 13.6 0.2 
12 187 31.6 1.0 
13 189 33.4 0.9 
14 191 35.8 1.7 
IS 193 39.3 0.3 

Total 16 300.7 7.2 
Average 37.6 0.9 

Layer3 
16 195 32.0 0.1 
17 197 36.3 0.2 
18 199 38.4 0.2 
19 202 41.0 0.2 
20 205 27.4 0.2 
21 207 33.1 0.2 
22 209 7.5 0.1 
23 209 33.4 0.3 
24 212 39.2 0.3 
25 213 30.5 0.3 
26 215 23.6 0.4 
27 217 33.8 0.2 
28 219 30.7 0.3 
29 221 21.7 0.1 
30 223 25.9 0.6 
31 224 8.9 0.1 
32 224 23.0 0.1 
33 226 28.9 0 
34 234 143.6 1.3 

Total 39 626.9 5.2 
Average 33.0 0.3 
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Table8.6: Weight (in grams) of organic remains per 10 kilograms of sediment (from 
combined 6mm sieve residue and objects removed in situ) by spit, Square B, Kulpi 
Mara Rockshelter. 

Spit Charcoal Bone Other 
(grams/10kg) (grams/10kg) (grams/10kg) 

Layer I 
1 102.75 0.99 43.26 
2 326.71 1.34 2.44 
3 125.89 0.37 23.65 
4 91.91 0.55 11.93 
5 74.26 1.62 3.25 
6 43.62 0.89 0.32 
7 24.47 0.57 0 
Average 112.8 .90 12.12 

Layer2 
8 5.42 0.15 0 
9 0.86 0 0 
10 1.10 0 0 
11 1.03 0 0 
12 1.61 0 0 
13 0.60 0 0 
14 0.17 0 0 
15 0.58 0 0 

Average 1.42 

Layer3 
16 1.94 0 0 
17 0.57 0 0 
18 4.61 0 0 
19 3.29 0 0 
20 5.64 0 0 
21 4.92 0 0 
22 14.0 0 0 
23 1.77 0 0 
24 0.51 0 0 
25 1.93 0 0 
26 5.56 0 0 
27 1.42 0 0 
28 7.20 0 0 
29 2.67 0 0 
30 4.40 0 0 
31 24.83 0 0 
32 1.91 0 0 
33 1.76 0 0 
34 0 0 0 

Average 4.68 

227 



Table. 8.7: Weight of sediment and rubble by spit, Square C, Kulpi Mara Rockshelter. 

Spit Average depth Total weight Weight ofrubb1e 
(em below datum) of sediment (kg) >6mm(kg) 

Layer 1 
I 167 34.4 0.4 
2 169 47.1 0.6 
3 169 1.3 0.2 
4 171 47.0 0.7 
5 172 17.7 0.2 
6 174 32.0 0.6 
7 177 33.9 1.0 
Total 10 213.4 3.7 
Average 30.5 0.53 

Layerl 
8 181 46.1 2.1 
9 184 56.4 1.0 
10 188 65.6 1.3 
11 192 55.8 4.2 
12 194 16.8 4.3 
13 196 27.3 0.4 
14 198 40.8 0.5 
15 200 36.1 0.3 
16 202 39.4 0.2 
Total 21 384.3 14.3 
Average 42.7 1.6 

Layer3 

17 205 39.2 0.1 
18 208 48.0 0.1 
19 210 50.6 0.1 
20 213 38.1 0.2 
21 216 39.9 0.5 
22 220 44.4 0 
23 223 41.2 0 
24 224 36.4 0.2 
25 227 37.7 0.7 
26 229 34.9 0.6 
27 232 32.7 0.3 
28 234 43.7 0.5 
29 236 35.2 0.4 
30 239 37.5 0.5 
31 241 38.0 0.2 
32 244 47.0 0.9 
33 246 30.3 1.1 
34 248 24.0 0.7 
35 250 22.1 1.0 
36 252 26.0 0.5 
37 254 38.7 0.8 
Total 49 785.6 9.4 
Average 37.4 0.4 
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Table 8.8: Weight (in grams) of organic remains per 10 kilograms of sediment (from 
comb.ined 6mm sieve residue and objects removed in situ) by spit, Square C, Kulpi 
Mara Rockshelter. 

Spit Charcoal Bone Other 
(grams/ 1 Okg) {grams/10kg) (grams/lOkg) 

Layer 1 

1 95.93 0.76 3.64 
2 97.66 1.10 15.44 
3 1516.15 0.14 10.76 
4 145.17 0.65 2.23 
5 229.38 1.0 0.73 
6 35.78 1.77 0 
7 164.48 1.80 0.56 

Average 326.36 1.03 4.77 

Layer2 

8 3.77 0 0 
9 1.13 0 0 
10 0.42 0 0 
11 0.59 0 0 
12 5.65 0 0 
13 0.74 0 0 
14 1.52 0 0 
15 0 0 0 
16 0.88 0 0 

Average 1.63 

Layer3 

17 0.54 0 0 

18 0.47 0 0 

19 0.45 0 0 
20 0.05 0 0 
21 1.02 0 0 

22 0 0 0 

23 1.17 0 0 

24 0.27 0 0 

25 0.05 0 0 

26 1.23 0 0 

27 0.04 0 0 

28 3.15 0 0 

29 1.76 0 0 

30 1.92 0 0 

31 0.95 0 0 

32 0 0 0 

33 0 0 0 

34 0 0 0 

35 0 0 0 

36 0 0 0 

37 0 0 0 

Average 0.62 
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indurated redder sediments with the softer 'grey patches' containing charcoal, which 

revealed very little difference in grain size distribution (Appendix 1). These results 

suggest that difference in colour and compaction are largely a factor of 

decomposition of charcoal from hearths. 

The hearths in layer 1 clearly represent a type of unconformity or an erosional 

surface which, in some cases, cuts into layer 2. If the soft grey patches and stains in 

layer 3 are also remnant hearths, their presence may throw light on the formation of 

the deposit. First, the preservation of hearths may be taken to indicate low 

occupational disturbance in the deposit, possibly under conditions of rapid sediment 

accumulation (Hughes and Lampert 1977, Hughes and Sullivan 1979: 1, and see 

below). Second, the structure of hearths opens the possibility of features intruding 

into the levels below, which may have an effect on the overall chronology interpreted 

through the radiocarbon determinations on charcoal. 

Weights of gravel (coarser than 6mm) are shown for each spit in Tables 8.3, 8.5 and 

8.7. Variations in gravel occur throughout the deposit though quite large peaks occur 

roughly in the middle of layer 2, clearest in Squares A and C. These appear to be 

correlated (within a few centimetres) with increases in the quantity of artefacts and 

charcoal. In view of these findings, the influence of humans on the shelter 

environment constitutes a possible explanation for the changes in gravel within the 

deposit. 

Radiocarbon deteoninations 

Seven in situ charcoal samples were submitted for radiocarbon determinations (Table 

7 .8). At present, the sample of age estimates is small and given the structure of the 

deposit outlined above, it would be wrong to assume they represent a precise 

chronological sequence increasing in age at a constant rate with depth ( cf. 

Richardson 1992, Frankel1993). 

There is one age reversal in layer 3. Beta-87006 has a younger age than Wk-4583, 

which is 25-34 em above the older sample. Of the two, Beta-87006 is less reliable 

because of its larger error, which at two standard deviations provides a likely age 

range from 21,000 and 26,000 years. At this level of accuracy, the age difference 
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between the two, which overlaps statistically at two standard deviations, is not 

significant. 

Table 8.9: Radiocarbon age determinations from Kulpi Mara Rockshelter. 

Lab No. Depth below Square/spit c Age* Stratigraphic 
surface (em) (yrs BP) Layer 

Beta-98035 6-12 C4 2,500±60 middle of layer 1 
Wk-4582 23-27 A10 12,800±260 middle of layer 2 
Wk-5061 34-36 Cl4 12,790±150 lower layer 2 
Wk-5062 37-39 C16 12,060±240 base of layer 2 
Wk-4583 42-45 Al6 24,250±620 upper layer 3 
Beta-87006 66-72 A24/25 23,730±1250 lower layer 3 
Beta-98034** 82-84 B33 29,510±230 base of layer 3 

* uncalibrated 
**AMS 

The large vertical separation between the two samples may be explained by relatively 

rapid accumulation of layer 3. This interpretation is consistent with the age estimate 

of 29,510±230 years BP (Beta-98034) from the base of Square B. With a depth of 

around 40cm of deposit between this and the age determination of 24,250±620 years 

BP (Wk:-4583), a period of rapid accumulation of sediment during the early 

occupation of the site is apparent. 

The difference between age estimates at roughly similar depths in layers 2 and 3 

indicates very slow sediment accumulation near the boundary of these layers. A 

radiocarbon determination from the bottom of layer 2 (Wk:-5062) and one from the 

top of layer 3 (Wk:-4583) effectively bracket the stratigraphic change indicating very 

little deposition of sediment between their respective ages of 12,060±240 and 

24,250±620 years BP. A sample from slightly above Wk:-5062 returned an age of 

12,790±150 years BP (Wk:-5061) which overlaps the lower sample at two standard 

deviations. This supports an interpretation of c. 13,000 years BP as the likely age for 

the bottom of layer 2. 

A similar age determination was obtained towards the middle of layer 2 from Square 

A, suggesting a return to a more rapid rate of sediment accumulation after 13,000 

years BP. The age estimate of 12,800±260 (Wk:-4582) from the middle of layer 2, 

overlaps statistically with the two dates from Square C. The clustering of similar age 
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estimates implies that sediment and charcoal accwnulated in a relatively short 

interval in the lower to middle levels of this layer. At this stage the lack of 

radiocarbon determinations for the top of the layer make it difficult to precisely 

define the upper age limit of layer 2. However, a further slowing of deposition 

between the tenninal Pleistocene and mid-Holocene is consistent with the age of 

2,500±60 (Beta-98035) from the middle oflayer 1. 

Orianic artefacts and ecofacts 

The top 20-30cm contained organic artefacts and abundant ecofacts. The latter 

included macropod (euro and rock wallaby) and small rodent scats, owl pellets and 

quandong seeds. Wooden artefacts, wood and resin artefacts, and segments of spun 

fibre were recovered from the near surface layers. Faunal remains (bone) were fairly 

infrequent even in the upper layers and, along with other organic materials, diminish 

abruptly below 30cm. 

Grindstones and ochre 

Grindstone fragments (n=4) were recovered from the surface and upper levels of 

layer 1, less than 1 Ocm from the surface. All had maximum dimensions less than 

20cm and were concave on one or both ground surfaces, a characteristic of lower 

grindstones. Four larger fragments of lower grindstone were found on the floor of the 

shelter near the excavation square, one upper grindstone (muller) and a roof fall 

boulder with abrasion and ochre staining. 

Small amounts of(ochre) haematite were recovered in layers 1 to 3. Ochre within the 

deposit was most commonly found in small rounded granules (less than a 0.1 gram) 

and occasionally in larger lumps (0.5 gram - 14 grams) which were also well 

rounded. None of these specimens had striations or abraded surfaces which made 

them difficult to distinguish from natural haematite in the fine gravels. The lack of 

abrasive wear and the shape of the granules suggests the material had undergone 

weathering in situ. 
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Flaked stone implements 

Flaked stone artefacts were present throughout layers 1 to 3. Three backed artefacts 

(two symmetric one asymmetric) were recovered, one each from Spits 4, 5 and 6 in 

Square C (labelled C4, CS and C6 in Figure 8.3). No other backed artefacts were 

recovered from the deposit. 

The uppermost of the backed artefacts in Square C was a crescent-shaped artefact 

made from dendritic. chert. This specimen was excavated from a well-defined 

charcoal feature with an age of 2,500±60 years BP and was highly crazed. The two 

backed pieces in the spits below were both recovered from the 6mm sieves. The 

lowest specimen from Square C was an asymmetric point with pronounced curvature 

of the backed margin. Both this and the more symmetric artefact were manufactured 

from silcrete. 

All three backed artefacts appear to be associated with a discrete concentration of 

implement types in one part of the deposit. This cluster includes two distally 

retouched artefacts ('endscrapers') from the same spit as the uppermost backed 

artefact. Neither backed artefacts nor endscrapers were recovered elsewhere in 

Square C nor in Squares A or B. A heavily retouched piece with the characteristics 

of a tula type flake in slug stage was found in the spit directly overlying the 

uppermost backed blade (C3 in Figure 8.3). 

One other tula-like flake was recovered from Square B, at the top of layer 2 (BS in 

Figure 8.3). This flake was circular in plan with convex undersurface typical oftulas 

but, unlike most flakes of this type, with a relatively small platform. Of the other 

flakes with steep retouch typical of tula slugs, one may have been a fragment of a 

tula (B5-1 in Figure 8.3), while two have retouch at an angle perpendicular or 

oblique to the platform (B5-1 and C3 in Figure 8.3). The application of retouch in 

this manner, while not characteristic oftulas, was typical of flakes with steep retouch 

recovered from excavated deposits in this study. 

Chanfi:es in the stone artefact assemblafi:e 

A preliminary analysis of the artefacts from Square C was carried out to identify 
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Tulas, backed artefacts and steep-edged retouched flakes from Kulpi Mara and lrtikiri Rockshelters. 
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changes in the flaked stone artefact assemblage. The assemblage is organised into the 

three stratigraphic layers and into spits with and without backed implement types to 

highlight changes in the assemblage associated with the appearance of backed 

artefacts. The data for the analysis are shown in Tables 8.10 to 8.13 

The data comparing stratigraphic layers shows a reduction in the percent retouched in 

layers 2 and 3 and in the proportion of whole flakes (Table 8.1 0). There is a higher 

proportion of fine-grained siliceous raw materials in layer 3 than layer 1 or 2, 

suggesting a shift in raw material procurement and use from the terminal Pleistocene. 

The length of whole silcrete/quartzite flakes is reduced slightly (by 2mm) from layer 

3 to layer 1 although high standard deviations do not inspire confidence in the mean 

values (Table 8.12). There is little observable difference in width or thickness of 

flakes between stratigraphic layers and high standard deviations in each case. 

The data comparing levels with and without backed artefacts are shown in Tables 

8.11 and 8.13. In terms of raw materials use, there appears to be a slightly higher 

proportion of finer-grained raw materials in spits with backed artefacts and a 

reduction in the uppermost levels where they were absent (Table 8.11 ). The 

comparison of size-related attributes in spits with and without backed artefacts 

produced equivocal results (Table 8.13). Differences in metric attributes for whole 

silcrete/quartzite flakes are slight and produced high standard deviations. 

Although these results are interesting and warrant further analysis, much of the 

variation between assemblages is likely to be the result of knapping of local raw 

material of variable quality. Use of local materials appears to have been 

predominantly opportunistic and the production of whole silcrete/quartzite flakes 

may be largely independent of backed artefact manufacture and discard. Variations in 

the size and quality of local stone would account for most of the variation in the size 

of whole silcrete/quartzite flakes and the proportion of local to non-local materials 

(poorer quality materials may result in larger quantities of discarded flakes). Most of 

the backed and other retouched artefacts were made on better quality silcretes or 

cherts, the proportion of which may be masked by these variations. 
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Table 8.10: Proportion of whole flakes, retouched artefacts and raw material types 
(silcrete/quartzite and fine-grained siliceous) from Square C, Kulpi Mara 
Rockshelter. The sample is made up of the artefacts recovered from the 6mm sieve 
residue combined with objects removed in situ. 

Layer 
Total Whole flake Retouched1 Silcrete/quartzite Fine-grained Sil. 

N N % N % N % N % 

Layer 1 191 84 44 9 5 172 90 19 10 
Layer2 269 98 36 6 2 245 91 24 9 
Layer 3 92 22 24 3 3 76 83 16 17 
TotaVaverage 552 204 37 18 3 493 89 59 11 

1. All retouched artefact types combined 

Table 8.11: Comparison of spits from layer 1 with and without backed artefacts. 
Spits 1-3 contained no backed artefacts while Spits 4-6 contained all three backed 
artefacts recovered from Square C, Kulpi Mara Rockshelter. Samples are from the 
6mm sieve residue combined with objects removed in situ. 

Spit/Layer 
Total Whole flake Retouched1 Silcrete/quartzite Fine-grained Sil. 

N N % N % N % N % 

Spits 1-3 75 32 43 2 3 68 91 7 9 
Spits 4-6 91 37 41 7 8 80 88 11 12 

1. All retouched artefact types combined 

Table 8.12: Attributes (in mm) of whole unretouched silcrete/quartzite flakes (from 
combined 6mm sieve residue and objects removed in situ) Square C, Kulpi Mara 
Rockshelter. 

Spit/Layer 
Total Length Width Thickness 

N mean s.d. mean S.d. mean S.d. 

Layer 1 83 19.5 12.2 14.5 7.2 4.4 4.7 
Layer2 94 18.3 9.7 15.6 7.3 3.9 2.6 
Layer3 22 17.2 9.1 14.9 6.4 3.7 2.1 
TotaVaverage 199 18.7 10.7 15.1 7.1 4.1 3.6 

Table 8.13: Attributes (in mm) of whole unretouched silcrete/quartzite flakes (from 
combined 6mm sieve residue and objects removed in situ) Square C, Kulpi Mara 
Rockshelter. Comparison of spits from layer 1 with and without backed artefacts. 

Spit/Layer 

Units 1-3 
Units 4-6 

Total 
N 

30 
39 

Length 
mean s.d. 

20.5 
17.4 

9.9 
13.2 
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Width 
mean s.d. 

13.8 
15.1 

4.7 
8.4 

Thickness 
mean s.d. 

3.7 
5.1 

2.0 
6.6 



Artefact displacement 

To gain an indication of the integrity of the deposit, preliminary attempts were made 

to conjoin artefacts from the same and different spits in Square C. Two chert 

fragments were conjoined in Spit 11 near the middle of layer 2. From the top of layer 

3, a distal flake fragment from Spit 17 was refitted to a core from the same spit. A 

four piece conjoin was recovered from Spit 29 which consisted of three flakes 

refitted to a core (itself a flake). In addition, there were two cases (in Spits 12 and 24) 

where a distinctive raw material type occurred in the same or adjoining spits and was 

absent from the remaining spits. Together, these observations appear to indicate that 

stone artefacts in the 6mm residue in layers 2 and 3 have undergone relatively little 

vertical displacement. 

Changes in artefact density throu~h the deposit 

Figure 8.4 shows the total number of flaked stone artefacts in each spit in Squares A, 

B and C divided by sediment weight. In general, the quantity of flaked artefacts 

increases progressively through the deposit, peaking in layers 1 and 2. The 

histograms for Squares B and C show consistent fluctuations within this overall 

trend, in particular, a slight rise in the middle of layer 3 and a further peak in the 

middle of layer 2. 

Changing rates of sediment accumulation must clearly be taken into account in 

interpreting these curves. Given higher rates of deposition, a corresponding increase 

in the numbers of artefacts is likely to represent an increase in the use of the shelter. 

On the other hand, low numbers of artefacts in combination with slow rates of 

sedimentation suggests a decrease in occupation in real terms. 

The radiocarbon samples plotted against discard for each spit most accurately depict 

changing deposition rates of both artefacts and sediments. Two conclusions can be 

tentatively drawn on the basis of the data presented in Figure 8.4. 

1) Layer 3 accumulated at a comparatively rapid rate prior to 24,000 years BP. Lower 

artefact counts in this part of the deposit do not necessarily represent less intensive 
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occupation. In fact, the rate of discard during this period was much higher than in 

more recent periods during the late Pleistocene and early to mid Holocene. 

2) The upper part of layer 1 also accumulated in a relatively short interval, although 

the precise rate cannot be determined without further age estimates from the 

uppermost layers. It is also possible that the upper part of the sequence in Square C, 

the only square where layer 1 has been dated, has been removed by erosion or 

macropod activity as the surface is slightly depressed below the level of Squares A 

and B. 

3) The absence of dates (in effect the absence of deposit) during the glacial maximum 

and the terminal Pleistocene to mid-Holocene, indicate discontinuities, or periods of 

very slow sedimentation during these periods. In neither case are the slow deposition 

rates matched by a correspondingly large increase in artefact frequencies. The 

evidence thus suggest a very slow deposition, both of artefacts and sediments, during 

these periods. 

It would be possible, assuming a constant rate of deposition, to compare artefact 

density between layers. On the basis of the interpretation of the ages of the base of 

layers 2 (c. 13,000 years BP) and the top of layer 3 given above (c. 24,000 years BP), 

the numbers of artefacts in each layer divided by volume and time provides a crude 

estimate for the density of flaked stone artefacts in layer 3 of around 140 

artefacts/1000 years. This estimate is approximately half the artefact density (c. 

250/1000 years) calculated for the upper two layers combined. Hence, while the rate 

of deposition may have been somewhat slower in the upper two layers of the deposit, 

the quantity of artefacts has increased considerably (see Table 8.1 0). Given the lack 

of age determinations from the boundary of layers 1 and 2 it is not possible to 

compare the rate of artefact accumulation between the upper layers. Combining these 

two layers is likely to obscure shorter term changes in occupation which are 

suggested by peaks in the density curves and the clustering of radiocarbon estimates 

of similar age. An alternative interpretation of the sequence from Kulpi Mara 

Rockshelter, which appears to rest more comfortably with the data presented above, 

is one of temporary pulses of occupation with little (if any) use of the shelter during 

intermediate periods. 
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8.4 Kulpi Mara Open Site 

A continuous scatter of artefacts extends for over a kilometre between Kulpi Mara 

Rockshelter and the large rockhole at the western end of the complex (see Chapter 5, 

Figure 5.5). The artefact scatter covers a broad structural bench which has formed at 

the foot of the escarpment, perched midway between the top of the sandstone plateau 

and the valley floor (Figure 8.5). 

A 1m2 pit was excavated on near-level ground 200m from the large shaded rockhole. 

A small creek draining the rockhole lies 40m to the north. Vegetation locally is 

mulga (Acacia sp.) which is mainly confmed to the creekline, hopbush (Dodonea sp.) 

and sparse annual grasses (average cover 30%). 

The surface of the deposit consists of a red earth with a patchy veneer of loose 

mobile sand. A large number of ground artefacts (n=28), mostly fragments of lower 

grindstones, was recorded within the surface collection quadrats. An area with little 

surface litter and sand cover was chosen for the excavation and a shortened steel 

picket driven into the ground 5m to the north. The top of the picket served as the 

horizontal and vertical datum. 

Deposit 

The stratigraphic profile is shown in Figure 8.5 and the composition of the sediments 

in Tables 8.14 and 8.15. The deposit is relatively uniform red-brown sand overlying a 

layer of gravel and bedrock. 

The surface consists of a thin layer of sand less than 2cm deep. Beneath this lies a 

compact red-brown layer which is crusted on the surface and contains discrete lenses 

with abundant charcoal. This starts out as dark red-brown and becomes redder with 

depth. This transition is gradual, although the change becomes more pronounced 

around Spit 5. 

The change in soil colour appears to be due largely to the decomposition of charcoal 

and organics rather than oxidation of the sediment, although the latter may be a factor 
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Table.S.l4: Weight of sediment and rubble by spit, Square A, Kulpi Mara Open Site. 

Spit Average depth Total weight Weight of rubble 
(em below datum) of sediment (kg) >6mm(kg) 

1 31 41.5 1.51 
2 34 60.0 0.22 
3 40 109.6 0.05 
4 45 56.6 0.05 
5 49 56.1 0.67 
6 54 70.3 0.68 
7 58 65.2 0.15 
8 62 41.7 0.12 

'9 65 53.4 0.03 
10 70 71.2 0.06 
11 72 34.0 0.01 
12 76 58.3 0.05 
13 79 52.7 0.08 
14 83 67.9 0.05 
15 88 85.9 0.20 
16 93 81.2 0.15 
17 101 127.7 0.7 
18 109 107.9 0.10 
19 117 124.4 0.68 
20 124 24.2 0.76 
21 132 55.2 5.05 
22 146 62.6 46.10 
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Table 8.15: Weight (in grams) of organic remains per 10 kilograms of sediment 
(inch!des both sieve residues and objects removed in situ) by spit, Square A, Kulpi 
Mara Open Site 

Spit Charcoal Bone Other 
(grams/10kg) (grams/lOkg) (grams/1 Okg) 

1 1.75 0.23 2.88 
2 2.54 0.03 0.6 
3 1.96 0 1.09 
4 0.75 0 0.34 
5 0.40 0 0.23 
6 1.08 0 0.16 
7 0.79 0 0.13 
8 0.53 0 0.12 
9 0.34 0 0 
10 0.35 0 0 
I I 0.24 0 0 
I2 0.09 0 0 
I3 0.06 0 0 
I4 0.03 0 0 
15 0.05 0 0 
16 O.Ql 0 0 
17 <0.01 0 0 
18 <0.01 0 0 
I9 <0.01 0 0 
20 0 0 0 
21 0 0 0 
22 0 0 0 
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in the lower part of the deposit. Such observations caution against estimating age 

from sediment colour. 

A layer of poorly sorted gravel and bedrock underlies the red earthy sediment. The 

gravel layer consists mostly of large rocks 5-1 Ocm across and contains no artefacts or 

charcoal. 

Within the basal gravel layer, the sediments were carefully checked for indications of 

artefacts and charcoal. When none was apparent, the excavation area was reduced to 

a 50 x 50cm area in the southwest comer of Square A (Figure 8.5). The sieve 

residues from this reduced square were retained for wet sieving and sorting. After 

reaching bedrock, the northwest comer was also removed to provide a complete 

metre section along the west wall. Materials from the sieves of this portion of the 

deposit consisted entirely of gravel and were not retained. The total area excavated 

for Spits 20-22 was 0.25m2
, which must be considered in interpreting the data for 

these spits in Table 8.14. 

The upper deposit comprises a mostly fine sand, reflecting the dominance of fine 

sediment in the local sandstone. This is consistent with the geomorphic setting of the 

site on an alluvial deposit formed by slope wash abutting a sandstone ridge. The 

basal layer consists of rounded to sub-angular rubble overlying bedrock, which also 

implies water as an agent of deposition. Apart from the significant increase in rubble 

toward the base of the deposit, there does not appear to be any consistent trend in the 

proportion of rubble or finer sediments which might suggest changes in the nature of 

deposition through time. 

Radiocarbon detennination 

One sample was submitted from the site. Beta-98036 was made up by bulking three 

in situ samples in Spit 5. The stratigraphic position of the sample lies at the 

beginning of the transition to redder sediment. The uncalibrated age of 510±70 BP 

(Table 8.2) gives an approximate basal age for the upper darker part of the deposit 

which contains most of the charcoal and artefacts. A further implication of the age 

estimate, given its mean depth of 49cm, is that approximately half a metre of deposit 

has accumulated in the last 350-650 years. 
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The potential effect of a recent increase in deposition on the local environment is 

worth considering. As indicated by the stratigraphic profile, the valley floor deposit 

on which the scatter lies comprises a relatively thin layer of sediment overlying 

bedrock. Infilling of the valley floor would have reduced the area of sandstone 

outcrop, enlarging the sandy area suitable for camping. The potential for increased 

group size or relocation of activities within what is a relatively confined area 

bracketed by steep slopes may have been a factor contributing to an increase in site 

use in the last c. 500 years. 

Charcoal and other orianic materials 

The mean and total weight of charcoal and other organic materials was highest in the 

upper levels and decreased abruptly after Spit 3, below which organics of any kind 

were absent from the coarse sieve fraction (Table 8.15). Bone is confmed to a few 

fragments in the very upper, near-surface levels. Small amounts of charcoal were 

recovered from the fine fraction throughout the red-brown earthy sediment to Spit 19. 

The remaining organic content is composed predominantly of plant litter in the levels 

above Spit 4 and fine rootlets between Spits 4 and 8. 

Flaked and JUOund stone artefacts 

Ground artefacts occur in Spits 1 (n=6) and 2 (n=2). Most have flat surfaces and are 

probably fragments of larger lower grindstones. There is one distinctive specimen of 

special interest from Spit 1 which is one part in section slightly concave and the other 

slightly convex. The surface between has been deeply pecked. The size and wear 

pattern suggests a lower grindstone which has been recycled and subsequently used 

as a muller. 

The sample of flaked artefacts from the deposit as a whole was relatively small 

compared with the other excavated deposits. Retouched flakes and cores were 

confined to Spit 1. Among these was a single backed artefact. No tulas or other 

distinctively retouched flakes were recovered from within the deposit. Because of the 

small sample, no attempt has been made to characterise changes in the composition 

of the stone artefact assemblage over time. 
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Artefact density 

Stone artefacts occur throughout the deposit, though in the 6mm sieve do not 

continue below Spit 10. Because of the small sample, flaked stone artefacts from the 

3mm and 6mm are combined to illustrate the changing frequency of artefacts through 

the deposit (Figure 8.6). 

Estimates of rate of discard at the site rest on the single radiocarbon determination. 

There is no way at present of estimating the age of the base of the deposit. Similar 

problems beset the interpretation of the surface of the deposit, although the 

radiocarbon determination of 51 0± 70 years BP provides a minimum age above Spit 

6. More than 70% of the artefacts in the deposit (n=388) lie above this date (Figure 

8.6b). 

The trend indicated is one of generally increasing artefact density through the deposit 

with a major increase in the near surface horizon (Spit 1 ). The high density in Spit 1 

mirrors that of the surface of the deposit. Spit 1 was excavated by brushing the layer 

of loose mobile sand after the surface artefacts had been collected. Artefacts 

recovered from this layer are therefore likely to be contemporary with the surface 

artefacts. 

Given the findings of Chapter 7, erosion of the topsoil remains a possible explanation 

for the high surface density. Increase in the 6mm rubble in Spit 1 suggests the 

possibility of lagging, though a similar increase was not noted in the 3mm. 

Alternatively, a significant proportion of the rocks 6mm and greater may represent 

manuports. 

A small fragment of glass was recovered from within the fine sieve fraction in Spit 3 

which, if in primary depositional context, would indicate that surface layers post date 

contact. However, with the possibility of hearths intruding 1 0-15cm, as the 

stratigraphic profile (Figure 8.5) suggests, the intactness of the surface deposits 

cannot be assumed. 
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8.5 Irtikiri Rocksbelter 

Situated on the same south-facing escarpment, Skm due west of Kulpi Mara 

Rockshelter and Open Site, is another rich association of rockshelters, stone artefacts, 

archaeological deposits and rock art. Access to the site is via a series of benches from 

the valley floor, the highest of which forms an open sandy flat at the foot of the 

escarpment. 

The escarpment is drained by a series of small alluvium-filled gullies, flanked with 

rockshelters and overhangs. One of these contained an archaeological deposit, which 

unlike most shelter deposits along the escarpment, is part of the valley floor. This site 

was excavated to provide a contrast to the two excavated deposits at Kulpi Mara, also 

in Stuy Area 1 (Storm Creek). Despite the differences in their local depositional 

contexts, the broader environmental and archaeological associations of the three sites 

are remarkably similar. 

No previous record of this site was available when this research was carried out. The 

location of the site corresponds with a rockhole referred to as Irtikiri on Bowman and 

Shearer's early pastoral map. This name was adopted for purposes of the current 

research to distinguish the area from the complex of Aboriginal sacred sites referred 

to as Kulpi Mara. Although the name lrtikiri was recognised by at least one senior 

custodian, it should not be assumed that this represents any consistent Aboriginal 

usage. 

Irtikiri Rockshelter is formed on a sandstone ridge which is a remnant of the 

escarpment. A large exposed sandy waterhole has formed adjacent to the shelter 

where water cascades over the ridge. Several hundred metres northwest are another 

two rockholes, the largest of which lies in a cleft embedded in the dissected 

escarpment wall. Vegetation locally around the shelter is dominated by stands of hop 

bush (Dodonea sp.) and annual grasses. A large white-barked eucalypt partially 

shades the sandy waterhole. 

The excavation was placed on gently sloping ground toward the eastern end of the 

shelter (Figure 8. 7). Exposed bedrock at the rear of the shelter suggested the floor 

sloped gently toward the valley bottom, where the deposit would be at its deepest. 
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The square was placed as close as possible to the limit of the overhang to maximise 

depth. A large nail wedged into the roof above the excavation square provides the 

site datum. 

Few artefacts were exposed on the surface of the deposit. A large grindstone 10cm 

from the edge of the square, was one of two lower grindstones on the surface. All of 

the remaining surface artefacts were exposed close to the rear wall where there was 

very little deposit depth. 

Deposit 

The stratigraphic profiles from the south and west wall sections are shown in Figure 

8.7. The deposit consists of a fine orange-brown sand which becomes increasingly 

darker with depth. The following five layers were visible in the stratigraphic profile: 

1) Topsoil consisting of loose orange-brown humic sand. 

2) Layer 1 was brushed to reveal a firmer orange sand, with little charcoal. 

3) Firm ashy brown sand. Contains charcoal filled pits and scattered lumps of 

charcoal. 

4) Similar to layer 3, but with less orgarucs and charcoal. Becoming 

progressively darker with depth, suggesting decomposition of charcoal within the 

deposit, and 

5) Layer of rubble and decomposed bedrock. A light grey fine sand interspersed 

with larger rocks and rubble. Less compact than layers 3 and 4. 

Analysis of the contents of the deposit revealed further changes in layer 4 which were 

not visibly apparent in the profile. An abrupt change in the amount of coarse gravel 

occurs below Spit 10 (Table 8.16). The angularity of the rocks and their size 

distribution (ie mostly greater than Scm) suggests weathering of roof fall or bedrock 

as the most likely source which points toward roof fall/bedrock disintegration as a 

possible source of sediment in the deposit in addition to alluvial sediments derived 

from slope wash. The increase in rubble after Spit 10 is correlated with a higher 

density of artefacts per volume of sediment which may indicate increased occupation 

impacting on the shelter environment. Based on these observations, Layer 4 has been 
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Table 8.16: Weight of sediment and rubble by spit, Square A, Irtikiri Rockshelter. 

Spit Average depth Total weight Weight of rubble 

(em below datum) of sediment (kg) >6mm (kg) 

Layer 1-2 

I 283 52.7 0.1 

Layer 3 

2 242 77.4 0.8 
3 247 76.8 0.5 
4 252 48.3 0.3 
5 255 47.5 0.2 

Total 13 250.0 1.8 
Average 62.5 0.4 

Layer 4a 

6 258 34.1 0.2 
7 262 50.1 0.9 
8 265 52.4 0.4 
9 269 48.5 0.5 
10 272 41.2 0.9 

Total 14 226.3 2.9 
Average 45.3 0.6 

Layer 4b 

11 275 32.9 3.2 
12 278 66.8 9.9 
13 281 53 .7 7.3 
14 286 37.0 2.7 
15 288 12.3 5.3 
16 292 20.2 4.9 

Total 17 222.9 33.3 
Average 37.1 5.6 
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further subdivided for analysis of its stone artefact assemblage into layer 4a (Spits 6-

1 0) and Layer 4b (Spits 1 0-16). 

Radiocarbon deteoninations 

Radiocarbon age estimates were obtained on samples from layers 3, 4a and 4b, 

shown in Tables 8.2 and 8.17. The oldest, a date of 2,670±1 00, comes from the basal 

excavation unit, directly overlying the grey sand and decomposed bedrock layer. 

Table 8.17: Irtikiri Rockshelter: radiocarbon age estimates. 

Lab No. C14 Age CAL age Spit Depth(cm Layer 
(years BP) below surface) 

Beta-89593 80±80 0 4 13-16 middle of3 
Beta-89594 310±60 312 10 35-37 base of4a 
Beta-83923 2,670±110 2,763 16 53-60 base of4b 

Beta-89594 comes from the base of layer 4a, and was obtained on charcoal from the 

6mm sieve to increase the sample size. Beta-89593 from layer 3 returned a modem 

date of 80±80 years, which gives a negative age when calibrated. Despite the recent 

age of the two upper samples the three dates form a consistent sequence through the 

deposit. 

Charcoal and other or~anic materials 

The quantity of organic materials fluctuates between layers in the deposit. In contrast 

to the three upper slope rockshelters, the overall organic content is low. Animal scats, 

wood fragments, and leaf litter are largely confined to an organic-rich layer of top 

soil with few artefacts. 

The distribution of organic materials from the 6mm residue and in situ samples is 

shown in Table 8.18. With the exception of bone and charcoal, the organic 

component remains low beneath the surface layer and is largely absent beneath Spit 

6. Bone is relatively abundant in layers 3 and 4a. Egg shell (emu or bustard), which is 

rare in other sites, occurs in four separate spits in layers 3 and 4a. Fragments were 
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Table 8.18: Weight (in grams) of organic remains per 10 kilograms of sediment 
(from combined 6mm residue and objects removed in situ) by spit, Square A, Irtikiri 
Rockshelter. 

Spit Charcoal Bone Other 
(grams/10kg) (grams/10kg) (grams/10kg) 

Layer 1-2 
1 1.50 0.41 16.79 

Layer3 
2 17.55 2.04 1.79 
3 31.13 7.53 0.74 
4 18.96 2.32 0.69 
5 15.83 4.33 0.45 
Average 20.87 4.06 0.92 

Layer4a 
6 17.13 0.89 0.31 
7 21.84 2.86 0 
8 19.47 3.53 0 
9 19.99 1.68 0.02 
10 8.45 0 0 
Average 17.38 1.79 0.07 

Layer4b 
11 2.07 0 0 
12 0.90 0 0 
13 2.27 0 0 
14 2.22 0 0 
15 0 0 0 
16 0.09 0 0 
Average 1.26 
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also found on the surface. Quandong (Santa/um acuminatum) seeds are present in all 

spits to the base oflayer 3. 

The contrast in bone and charcoal· between layers 4a and 4b, as noted above, is 

marked. Fragments of bone greater than 6mm are confined to layer 4a and above. 

The absence of larger bone fragments from layer 4b corresponds with a sharp decline 

in charcoal greater than 6mm. This implies an abrupt change in conditions of 

preservation between layers 4a and 4b, relevant to the interpretation of artefact 

deposition rates discussed below. 

Stone artefacts 

A large assemblage of stone artefacts was recovered from the site, all of which except 

one sandstone muller in Spit 3 were flaked artefacts. The deposit provided the largest 

sample of backed artefacts (n=ll) recovered from any of the excavations. A sample 

of the backed artefact assemblage is shown in Figure 8.3. Among these were a 

silcrete point (A16 in Figure 8.3) from the basal excavation unit dated at 2,670±100 

years BP. 

The changing composition of artefacts in the deposit is shown in Tables 8.19 to 8.22. 

Backed artefacts are confined to Layer 4. There is an increase in the quantity of 

backed artefacts in layer 4b, although as a proportion of the total number of artefacts, 

their representation is similar in layers 4a and 4b. The number peaks in Spits 12 and 

14 where there are three in each. 

The number of artefacts made from fine-grained material decreases downwards 

through the deposit. There are slightly fewer artefacts made from fine-grained stone 

in layer 4 than layers 1-3. This is the opposite of the trend at Kulpi Mara 

Rockshelter, suggesting there is no clear relationship linking backed artefacts with 

foreign raw material use. 

Other changes which appear to be associated with the backed artefact horizon at 

lrtikiri are a decrease in other retouched stone and a reduction in the proportion of 

whole flakes. There is a slight reduction in flake length and thickness in the layers 

containing backed artefacts. However, there is a larger reduction in flake length from 
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Table 8.19: Proportion of retouched artefacts, whole flakes and raw material types 
(silcrete/quartzite and fine-grained siliceous) from Square A, lrtikiri Rockshelter. 
Artefacts from the 6mm sieve combined with objects recovered in situ. 

Layer 
Total Retouched1 Backed Whole Flake Silcrete/Quartzite Fine-grain Sil. 
N N % N % N % N % N % 

layer 1-3 116 5 4 0 0 52 45 93 80 23 20 

layer4a 186 8 1 4 2 85 46 150 81 36 19 
layer4b 294 5 2 7 2 103 35 242 82 52 18 

TotaVaverage 596 20 3 11 2 240 40 485 81 111 19 

1. All retouched artefact types (except backed artefacts) combined 

Table 8.20: Comparison of layers with and without backed artefacts (6mm sieve 
residue combined with objects removed in situ) Square A, lrtikiri Rockshelter. 
Layers 4a and 4b, which contained backed artefacts in roughly equal proportions, are 
treated as a single unit. No backed artefacts were recovered from layers 1-3. 

Layer 
Total Retouched1 Backed Whole Flake Silcrete/Quartzite Fine-grain Sil. 
N N % N % N % N % N % 

layer 1-3 116 5 4 0 0 52 45 93 80 23 20 
layer4 480 13 3 11 2 188 39 392 82 88 18 

1. All retouched artefact types (except backed artefacts) combined 

Table 8.21: Attributes (in mm) of whole unretouched silcrete/quartzite flakes (from 
6mm residue combined with objects in situ) Square A, Irtikiri Rockshelter. 

Layer 
Total Length Width Thickness 

N mean s.d. mean s.d. mean s.d. 

layer 1-3 38 19.6 7.8 13.9 3.7 3.9 2.0 

layer4a 65 20.0 8.5 14.6 5.5 3.6 2.0 
layer4b 85 17.2 9.1 13.4 4.8 3.2 1.7 

TotaVaverage 188 18.6 8.8 13.9 4.9 3.5 1.9 

Table 8.22: Attributes (in mm) of whole unretouched silcrete/quartzite flakes (from 
combined 6mm sieve residue and objects removed in situ) Square C, Kulpi Mara 
Rockshelter. Comparison of layers with and without backed artefacts. 

Layer 

layer 1-3 
layer4 

Total 
N 

38 
150 

Length 
mean s.d. 

19.6 
18.4 

7.8 
9.0 
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Width 
mean s.d. 

13.9 
14.0 

3.7 
5.1 

Thickness 
mean s.d. 

3.9 
3.4 

2.0 
1.9 



layers· 4a to 4b, both of which contained backed implements in roughly equal 

proportions. 

Artefact displacement 

Attempts were made to conjoin artefacts to assess the possibility of vertical 

movement. Two artefacts from Spit 13 of a distinctive buff coloured silcrete were 

successfully conjoined. One of these was recovered in situ and the other from the 

6mm sieve. Three additional flakes of the same raw material and cortex were 

recovered in situ from the same spit and were bagged and labelled separately as they 

were thought to have potential for conjoining. As it turned out, these were not able to 

be successfully conjoined but were almost certainly part of the same flaking event 

which produced the two conjoined artefacts. While this suggests a degree of 

stratigraphic integrity, conjoins from other layers and spits would be required to 

determine the level of integrity of the deposit as a whole. 

Chan~es in artefact density 

An important trend in this site is the consistent decline in the density of artefacts over 

time. In this respect, lrtikiri defies the expected trend for central Australia, that is, 

most sites show decreasing artefact densities with depth or, in some cases, no 

consistent trend. lrtikiri is unique in the Palmer River catchment in showing a 

complete reversal of the trend. 

The total numbers of flaked stone artefacts in each spit divided by the weight of 

sediment is shown in Figure 8.8. The overall trend toward declining density over 

time is fairly constant through the deposit, although there is a relatively sharp decline 

in the density of artefacts in Spit 10, which coincides with the transition between 

layers 4a and 4b. The decrease in artefact counts in layer 4a from 4b corresponds 

with changes in the quantity of bone and charcoal and the amount of rubble. It is 

possible therefore, that the transition from layer 4a to 4b represents a depositional 

break. There is a further decline in density above Spit 6, coinciding with the 

transition between layers 3 and 4a. 

An increase in sediment deposition rate above layer 4b is evident from the age 
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estimate of 31 0±60 years BP from the base of layer 4a. The recent age at this depth 

suggest that the upper part of the deposit has accumulated at a more rapid rate. Such 

an increase in deposition would have had a counteracting effect on the density of 

artefacts per volume of sediment in layer 4a and above. Assuming a constant rate of 

deposition between the dates, the rate of deposition in the layers 1 to 4a would have 

been 1.76 kg per 100 years, while the sediment in layer 4b accumulated at a much 

slower rate of 0.09 kg per I 00 years. 

However, a depositional break between layer 4a and 4b would invalidate this 

comparison. There are some indications of a break or erosional event which, if 

demonstrated, may indicate that layer 4b accumulated at a more rapid rate than is 

evident from the radiocarbon determinations. Assuming a constant rate of deposition 

above and below the age estimate of310±70 years BP (with a break in-between) the 

total number of artefacts does not differ substantially between layer 1-4a combined 

and layer 4b (Figure 7 .8b and Table 8.19). Differences in the preservation of charcoal 

and bone support the possibility of a break in deposition, although further age 

estimates from the top of layer 4b are required before its rate of accumulation can be 

calculated with any confidence. On present evidence, fluctuating or intermittent 

deposition of sediment remains the most plausible explanation for the variation in 

artefact density in Irtikiri Rockshelter. 

8.6 Ilarari 19 Rockshelter 

Ilarari 19 is relatively large and open rockshelter at the easternmost point of a 

sandstone ridge which juts into a small dunefield flanking the Palmer River. The site 

had been recorded previously by Smith (1988) who recorded and numbered a series 

of sites near Illara Gorge. The name given to the site by Smith has been retained in 

this study. 

The main objective in excavating Ilarari 19 was to provide data from a rockshelter 

located near permanent water of similar form to Kulpi Mara. The two sites share a 

number of common features - a similar aspect, floor space and scree slope separating 

the rockshelter deposit from the valley floor. Like Kulpi Mara, Ilarari 19 is one to 

two kilometres from its local water source and is on the periphery of a larger 

complex of rockshelters. 

258 



Ilarari 17 Rockshelter, previously excavated by Mike Smith (1988), lies 200m to the 

northeast. Four larger rockshelters closer to Illara Gorge in the 'stoneyard' area were 

augered by Smith (1988:182), which he did not excavate because their loose 

sediments proved difficult to auger. Ilarari 19 was not tested in Smith's investigation 

because it was considered not to have sufficient deposit (Smith 1988:182). In this 

study, the selection of Ilarari 19 as the excavation site was based on its similarities 

with Kulpi Mara Rockshelter rather than its depth or sediment compaction. 

Excavations in the stoneyard area, although beyond the scope of this investigation, 

may reveal further useful information and would logically form the basis of any 

further research near Ilarari waterhole. 

The excavation pit at Ilarari 19 (shown in Figure 8.9) was placed midway between 

the inner wall and roofline. The excavation revealed over a metre of deposit (Figure 

8.1 0). The placement of the square was selected to obtain the deepest deposit 

possible while remaining inside the dripline. There were no indications of occupation 

below a depth of approximately half a metre, after which only the southeast comer of 

the square was excavated to bedrock, to provide a complete stratigraphic profile. A 

notch on the upper surface of a flat boulder with a ground patch served as the site 

datum. 

As seen in Figure 8.9, the surface of the rockshelter was strewn with stone artefacts 

and other evidence of occupation. Among these were several handstencils, a charcoal 

drawing (a profile view of a human head), grindstones, grinding patches, a small 

thread cross, wooden artefacts and abundant charcoal. The charcoal drawing and a 

wooden shaft which had been chopped at one end with a metal axe indicate the site 

was last occupied in historic times. 

Deposit 

The stratigraphy of the east and south walls are shown in the section drawing in 

Figure 8.10. The main features of the stratigraphy, which are not clearly 

differentiated in parts of the deposit, are: 

1) Layer 1 comprising a thin surface layer of coarse brown sand, 
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2) Most of the upper part of the deposit (layers 2 and 3) is made up of a complex 

sequence of interstratified charcoal lenses and pits, overlying a relatively uniform 

orange sediment (layer 4 ), 

3) The sediment in layer 2 is a grey ashy sand. Charcoal is dense and lumpy and 

forms discrete lenses and pits, 

4) Layer 3 is a pale orange with diffuse charcoal and charcoal features surrounded 

by light grey sediment, and 

5) Layer 4 is orange-red with white flaggy rubble becoming increasingly redder 

with depth. 

Table 8.23 shows the total amount of rubble by excavation unit. The gravel 

component of both sieve fractions tends to be flaggy and angular. The quantity of 

rubble fluctuates within layers, with a marked increase toward the base of the deposit 

below Spit 10. Above this, the quantity of rubble appears, if anything, to show a 

steady decrease with depth. 

Radiocarbon determinations 

Two samples were submitted from discrete charcoal features (Table 8.24). The 

lowest one (Beta-98033) was taken from the southeast comer and corresponds with a 

feature surrounded by light grey sediment. From the structure and depth of the 

feature and its surrounding sediment it is inferred that the concentration of charcoal 

represents a discrete hearth in layer 3. 

Table 8.24: llarari 19 rockshelter: radiocarbon age estimates. 

Lab No. 

Beta-1 06998 
Beta-98033 

Cl4Age 
(years BP) 

2,170±60 
2,770±90 

CAL age 

2,142 
2,855 

Spit 

6 
7 

Depth(cm 
below surface) 

18.9 
28.0 

Layer 

2 
3 

The upper sample (Beta-1 06998) was also associated with a discrete charcoal feature 

which can be seen in the profile in Figure 8.1 0. This feature comprised larger 

charcoal lumps and has a more clearly defined outline than the charcoal 

concentration from which Beta-98033 was taken. On the basis of its structure and 
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Table 8.23: Weight of sediment and rubble by spit, Square A, Ilarari 19 Rockshelter. 

Spit Average depth Total weight Weight of rubble 

(em below datum) of sediment (kg) >6mm(kg) 

Layer 1 
1 16.8 7.4 0.8 

Layerl 
2 18.1 35.9 2.2 
3 20.5 46.4 2.3 
4 27.3 46.7 1.6 
5 26.2 64.7 1.9 
6 35.0 35.4 1.4 

Total 229.1 9.4 
Average 16.9 45.8 1.9 

Layer3 
7 35.1 32.0 0.7 
8 36.6 41.6 0.5 
9 41.4 42.9 1.3 
10 42.3 18.5 0.4 
11 44.4 57.8 2.5 
12 47.6 56.8 1.7 
Total 249.6 7.1 
Average 12.5 49.9 1.2 

Layer4 
13 53.1 67.7 4.8 
14 57.4 79.5 4.8 
15 70.1 79.5 5.6 
16 94.5 120.5 

Total 347.2 15.2 
Average 41.4 86.8 5.1 
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context this sample appears typical of layer 2. It may be more accurate, however, to 

interpret the deposit as a series of discrete features which overlap in depth, rather 

than as horizontal layers. 

Charcoal and other or~anic materials 

The organic contents of the 6mm residue (shown in Table 8.25) reflect a high degree 

of preservation of organics in layers 1 and 2. Despite these conditions, bone is 

present in only small amounts. Quandong (Santa/urn acuminatum) seeds were 

recovered from Spit 4, and desiccated figs (Ficus platypoda) in Spit 2. 

A large quantity of chips from wooden artefact manufacture was recovered from 

Spits 3, 4 and 5. Over one hundred chips were recovered, most of which were in Spit 

4 (9.93 grams, 80% of the 'other organic' category in Spit 4 by weight). All of the 

chips are of the same type of wood and are regular in size, suggesting they derive 

from a single wood-working event. 

An analysis of the sample was carried out by J. Kamminga (1998), a leading use

wear and wooden artefact specialist (Kamminga 1982, 1988). According to 

Kamminga (personal communication), the recovered specimens are technically 

shavings rather than chips, though there is a primary wedging action indicated in 

their morphology and they tend to be chip-like. While it is possible that metal tools 

were used (which would be useful in providing an age estimate for the levels 

containing the shavings) further experimental data are needed to resolve this 

question. 

Flaked and ~round stone artefacts 

Flaked artefacts were present in Spits 1 to 8. No ground artefacts were recovered 

from the deposit. Three backed artefacts were excavated from Spits 3, 4 and 5. The 

vertical distribution of backed artefacts is identical to the distribution of wood chips. 

A backed point from Spit 3 has small scars initiating from the dorsal surface onto the 

platform, consistent with platform preparation. The specimen from Spit 4 is also 

asymmetric but is only partially backed, while the artefact from Spit 5 is a typically 

symmetric trapezoid shape. 
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Table 8.25: Weight (in grams) of organic remains per 10 kilograms of sediment 
(from ·combined 6mm residue and objects removed in situ) by spit, Square A, Ilarari 
Rockshelter 

Spit Charcoal Bone Other 
(gramsllOkg) (gramsllOkg) (grams/10kg) 

Layer 1 

1 82.16 0.45 45.78 

Layerl 
2 60.97 0.26 13.00 
3 152.59 0.04 15.40 
4 182.87 0.61 17.17 
5 85.62 0.38 4.44 
6 135.03 2.17 0 
Average 123.42 0.69 10.0 

Layer3 
7 12.06 0 0 
8 0.62 0 0 
9 0 0 0 
10 0.11 0 0 
11 0.10 0 0 
12 0 0 0 
Average 2.15 

Layer4 
13 0 0 0 
14 0 0 0 
15 0 0 0 
16 0 0 0 
Average 
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Chan~es in the stone artefact assembla~e 

The flaked stone artefacts from Ilarari 19 Rockshelter are grouped for analysis in 

Tables 8.26, 8.27 and 8.28. Because of the small sample size, layers 1 and 3 are 

unsuitable for comparison with the layer 2, the rich occupation layer. It is possible to 

obtain larger samples by grouping spits with and without backed artefacts. 

Table 8.27 shows that, as in other sites, the proportion of backed artefacts is less than 

two percent of the total for each spit in which they occur. This raises the possibility 

that their absence in adjoining spits at Ilarari 19 is a sample size phenomenon. There 

is a slightly higher ratio of retouched to unretouched artefacts in the backed artefact 

assemblage, otherwise there is no consistent difference which might suggest a change 

in knapping technology. Of particular note, the proportion of fine-grained raw 

materials in the backed artefact horizon is lower than in the spits immediately above 

and below. 

The data in Table 8.28 suggest a decrease in all size-related attributes of whole flakes 

in Spits 1 and 2. Silcrete/quartzite flakes associated with the backed artefact 

assemblage tend to be longer, narrower and thinner than those in Spit 6, although 

there is a considerable overlap in the sample as indicated by their standard 

deviations. 

Chan~es in artefact density jn the deposit 

The number of artefacts per volume of sediment is shown in Figure 8.11. Layer 4, the 

bottom half of the deposit, contains no artefacts. Artefacts occur intermittently in 

very small quantities in the lower and middle levels of layer 3. Most of the artefacts 

occur in layer 2. 

The rise in density in Spit 6 marks the beginning of the rich occupation layer, dated 

by association with the hearth in Spit 7 at around 2,200 CAL years BP. The increase 

in density occurs in both the 6mm and 3mm sieve fractions and is associated with a 

large increase in charcoal and bone. A further increase in Spit 5 coincides with the 

first backed artefact. 
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Table 8.26: Proportion of retouched artefacts, whole flakes and raw material types 
(silcrete/quartzite and fine-grained siliceous) from Square A, llarari 19 Rockshelter. 
Artefacts are from the 6mm sieve combined with objects recovered in situ. 

Layer 
Total Retouched1 Backed Whole Flake Silcrete/Quartzite Fine-grain Sil. 
N N % N % N % N % N % 

layer 1 24 0 0 0 0 6 25 19 79 5 21 
layer2 358 12 4 4 1 130 36 300 84 45 16 
layer 3 11 2 18 0 0 1 9 8 73 3 17 

Total/average 373 14 4 4 1 137 37 327 88 53 12 

1. All retouched artefact types (except backed artefacts) combined 

Table 8.27 Comparison of spits from Ilarari 19 Rockshelter layers 1 and 2 with and 
without backed artefacts (6mm sieve residue combined with objects removed in situ). 
Spits 3-5 contained all three backed artefacts. No backed artefacts were recovered 
from Spits 1, 2 and 6. 

Total Retouched1 Backed Whole Flake Silcrete/Quartzite Fine-grain Sil. 
Layer N N % N % N % N % N % 

Spits 1-2 85 1 1 0 0 26 30 67 79 18 21 
Spits 3-S 229 10 4 4 2 76 33 196 84 33 16 
Spit 6 68 2 3 0 0 34 so 56 82 12 18 

1. All retouched artefact types (except backed artefacts) combined 

Table 8.28: Attributes (in mm) of whole unretouched silcrete/quartzite flakes, (from 
combined 6mm residue and objects removed in situ) Square A, Ilarari 19 
Rockshelter. Comparison of spits from layers 1 and 2 with and without backed 
artefacts. 

Spit 
Total Length Width Thickness 

N mean S.d. mean s.d mean s.d 

Spits 1-2 21 13.9 5.0 12.1 4.5 2.8 1.7 
Spits 3-5 66 16.7 7.4 13.0 4.2 3.7 1.6 
Spit6 27 15.9 5.4 15.4 4.9 3.9 1.7 
Total/average 114 16 6.6 13.4 4.6 3.5 1.6 
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It would be difficult to estimate the age of the increase in Spit 5 without further 

radiocarbon determinations. While the depths of Spit 4 and 6 overlap, it cannot be 

assumed that they are of similar age, given the structure of the deposit with its 

numerous charcoal features which overlap in depth. There are also differences in the 

composition of the spits and the degree of packing by charcoal which complicate the 

calculation of artefact density by sediment weight. Spits 4 and 6 were excavated as 
discrete charcoal features and were neatly separated by Spit 5, a sandier layer with 

less charcoal. The distribution of backed artefacts and wood chips and the volume of 

organics also implies a possible gap in age between Spits 5 and 6. 

Bearing these issues in mind, the evidence suggests that artefact density does not 

increase further above Spit 5. There is a slight decrease in Spit 4, and although the 

density of artefacts rises again in Spit 3, it does not exceed earlier high density peaks 

until Spit 1, where a very large increase occurs. The density of artefacts in layer 1 is 

around two times the highest density peaks in the lower levels of the deposit. The 

occurrence of contact items on the surface, and charcoal drawings (which are likely 

to post-date contact), implies that this large increase in density coincided with 

occupation of the rockshelter within the last 200 years. 

While the very high density in Spit 1 might suggest increased and contact-related 

occupation, the trend in Figure 8.11 may simply reflect a very slow rate of sediment 

accumulation or possibly erosion of the surface of the deposit. Low sedimentation 

rates or sediment loss prior to stabilisation of the deposit would explain the 

anomalously high near surface density in this and the two other sites (Kulpi Mara 

Open Site and Amngu) which show the same trend. Implications of this trend for the 

interpretation of varying occupation intensities are discussed in the following 

chapter. 

8. 7 Arnngu Rockshelter 

Amngu rockshelter is the largest of a series of four small rockshelters situated 15m 

above the level of the plain in a line of low hills. The range abuts an extensive 

floodout plain of the Palmer River. The Aboriginal name given for the area comes 

from a sacred mesa rising from the centre of the floodout plain. A dark sandy deposit 
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in the shelter is secured by large roof fall which forms a scree slope outside the 

overhang. 

There is no apparent water source in the immediate locality. Aptly named, Deception 

Creek is an ephemeral channel which runs through a gap in the range, 400m to the 

west. The southerly aspect provides expansive views of the floodout plain which at 

its closest point is 500m from the shelter. The area between the shelter and the plain 

comprises rising sandy ground with isolated irregular dunes. 

The surface of the floodplain is capable of holding a large body of standing water, 

providing both an ephemeral water source and an enticement for game. Further, the 

high ground and cover provided by the rockshelter would have been attractive during 

periods of heavy rain and inundation of the floodplain. A high density of artefacts on 

the scree slope and plain at the foot of the shelter suggested the shelter had served as 

a focus for occupation. 

A one metre excavation square was laid out in the western end of the shelter, where 

the floor levels out and there are fewer surface rocks and roof fall (Figure 8.12). The 

deposit at this end was probed in three points; toward the rear wall of the shelter, near 

a stone hearth and beside a flat stone with an abraded and pitted surface. The square 

was located 33cm out from the rear wall which the probes suggested would be the 

deepest point. 

On the wall above the excavation there is a single handstencil and an area of 

splattered ochre. The datum consists of a nail wedged into a crack in the wall 60 em 

above the handstencil. 

Deposit 

The rockshelter is comprised of Proterozoic sandstone (fu) and in this respect is 

distinct from the other three excavated rockshelters, all of which were Palaeozoic 

(Pzm) sandstones. As is the case at Kulpi Mara and Ilarari 19 Rockshelters, the 

source of sediment is largely, if not completely, derived from the weathering of the 

walls. The bare white surface indicates recent exfoliation has occurred across a large 

proportion of the rear wall. 
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Figure 8.12 
Amngu Rockshelter, plan view and sections of the excavation square. 
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The composition and weight of rubble and organic components are shown in Tables 

8.29 and 8.30. The sediment in the deposit consists of a largely undifferentiated fine, 

dark-brown sand, with intermittent patches and lenses of lighter orange-brown sand 

(os) and roof fall (Figure 8.12). There are no discrete charcoal concentrations. The 

darker sediment continues to bedrock in the centre of the square, where the deepest 

point is 197cm below datum. Patches of lighter (os) sediment lens out within the 

square rather than form continuous layers. The proportion of rubble increases at a 

relatively constant rate with depth (Table 8.29). 

Radiocarbon determinations. 

Two charcoal samples recovered in situ were submitted: one from the base of the 

deposit and one adjacent to a grindstone exposed in the west wall profile. Beta-96376 

was obtained on a combined sample from Spit 14. The bulked samples were 

recovered from the darker sediment overlying bedrock. The results of the radiocarbon 

analyses are shown in Table 8.31. 

Table 8.31: Arnngu rockshelter: radiocarbon age estimates. 

Lab No. 

Beta-1 06998 
Beta-96376 

C14Age 
(yrs BP) 

70±70 
1,420±100 

CAL age 

0 
1309 

Spit 

8 
14 

Depth (em Layer 
below surface) 

24-28 middle of deposit 
53-58 base of deposit 

Beta-106998 returned a modem age estimate from a depth of 24-28cm. This was 

obtained from a discrete concentration of charcoal near the edge of the grindstone 

shown in the section diagram (Figure 8.12). There are three possible explanations for 

the modem age retuned from the sample: 1) disturbance within the deposit, 2) 

contamination of the sample or, if the estimate is correct and the deposit is intact, 3) 

rapid accumulation of the upper half of the deposit. These will each be considered in 

turn. 

There are no indications within the stratigraphy that the deposit has been extensively 

reworked. The series of interstratified lenses of lighter and darker sediment above the 

sample suggest some stratigraphic integrity exists within the deposit. Also the 
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Table 8.29: Weight of sediment and rubble by spit, Square A, Arnngu Rockshelter. 

Spit 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 

Average depth 
(em below datum) 

131.6 
133.1 
136.5 
140.5 
145.2 
149.7 
154.5 
159.9 
165.1 
169.7 
173.5 
177.0 
179.6 
188.7 

Total weight 
of sediment (kg) 

13.9 
50.9 
60.2 
71.7 
68.2 
62.1 
69.7 
52.7 
72.2 
67.8 
63.9 
95.6 
27.4 
30.8 

Weight of rubble 
>6mm(kg) 

0.4 
0.8 
1.3 
0.9 
1.4 
1.5 
2.1 
2.4 
2.4 
2.4 
3.8 
7.0 
6.7 
3.8 

Table 8.30: Weight (in grams) of organic remains per 10 kilograms of sediment 
(from combined 6mm residue and objects removed in situ) by spit, Square A, Arnngu 
Rockshelter. 

Spit Charcoal Bone Other 
(grams/10kg) (grams/1 Okg) (grams/10kg) 

1 34.82 5.34 57.27 
2 22.41 3.94 18.12 
3 22.79 0.32 4.86 
4 13.14 1.90 2.39 
5 12.38 1.59 2.01 
6 10.39 0.63 l.l4 
7 8.06 0.84 2.92 
8 7.32 1.08 4.28 
9 5.55 1.05 0.19 
10 3.89 0.66 1.06 
11 0.61 0.47 0.03 
12 0.18 0.65 0.06 
13 0.15 0.12 0.11 
14 0.49 0.13 0.03 
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grindstone adjacent to the sample is lying horizontally, which seems to indicate that 

the deposit has not been highly disturbed. 

Contamination may have occurred through roots penetrating the deposit, which are 

visible in the profile and were noted during excavation. The sample weight before 

and after pretreatment (Table 8.2) gives the impression that, for whatever reason, the 

sample was not as thoroughly pretreated as others submitted to Beta Analytic. This 

can only be resolved by further radiocarbon estimates. 

A possible increase in deposition rate, while not visible in the profile, would be 

consistent with fluctuating deposition rates inferred in other sites in this study. The 

extensive exfoliation along the rear wall, particularly toward the middle and eastern 

end of the shelter, would have been a source of increased deposition, though it is 

unclear whether this was transferred to the area of the excavated deposit where there 

appears to have been less extensive exfoliation. 

The contribution of charcoal and bone to the deposit is shown in Table 8.30. 

Charcoal is abundant in the upper layers, but is generally dispersed rather than 

clustered in well-defined concentrations. The quantity of charcoal decreases 

gradually through the deposit and shows a relatively abrupt drop after Spit 10. 

Bone and other organic materials show a slightly different pattern. Both are higher in 

Spits 1 and 2, but show no clear trend from Spits 3 to 8. A similar quantity of non

charcoal organics occurs in Spits 3 and 8, for example. While this uniformity might 

suggest a zone of mixing in the deposit, the lack of a similar trend in the distribution 

of charcoal and rubble does not support this view. 

Hafted flake 

A particularly rare and interesting find in the upper part of the deposit was a 

retouched stone artefact with an intact resin haft (Figure 8.13, A3). This unique 

composite artefact was uncovered in situ with a brush from the eastern side of the pit 

in Spit 3. The retouched flake is made on dendritic chert with retouch applied to the 
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Figure 8.13 
Hafted retouched flake, tula, backed artefact and steep-edged retouched flake from Amngu Rockshelter. 
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proximal margin. The distal margin is embedded in the haft. A portion of the distal 

margin which is partially exposed suggests that the hafted edge has also been 

modified by retouch. 

The resin haft is slightly cracked and weathered but otherwise intact. There are 

several small flakes or chips of micro debitage obtruding from the resin (see Figure 

8.13). These are of the same raw material as the hafted implement. The shape of the 

haft is elongate and rounded. It lacks any indentation on the end opposite of the flake 

suggesting that it had been used as a hand held implement, rather than fixed to a 

wooden handle. 

The manner of hafting and type of flake are similar to Tindale's (1965:147-154) 

'small resin-hafted knives' from the Western Desert which he also refers to as 

'kanti'. Tindale (1965:159) notes that these are clearly distinguishable from 'the 

present day tula of the Lake Eyre Basin and country to the north'. 

The artefact recovered in this study supports Tindale's (1965) observations in that 

although the flake resembles a tula in some respects - pronounced bulb and curved 

margin - it does not in others. First, the exposed working edge is the proximal end of 

the flake. While it is not unusual for tulas in slug form to have been retouched on 

opposing margins, in this case the flake has not been sufficiently reduced to be 

described as a slug. Second, although the platform is missing, the section through the 

retouched edge is relatively thin. If this were a tula with large broad platform the 

section through the bulbar end would be much thicker. 

The hafting of a non-tula flake is possibly of greater interest, since although tulas are 

generally thought to have been hafted to a wooden handle with resin, there is little 

information, with the exception of Tindale's account, on the manner of hafting of 

non-tula flakes. These examples demonstrate that retouched flakes often described in 

the literature as irregular or amorphous were not only in some instances hafted but 

their manufacture as composite stone and resin implements suggests a greater degree 

of curation than might otherwise be inferred from the examination of the retouched 

stone flake on its own. 
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Other flaked and ~und items 

The Arnngu assemblage contains two backed artefacts, both in Spit 5. The two 

artefacts have several other attributes in common, they are both asymmetric with 

backing retouch on only a portion of the retouched margin and are made on chert. 

One is illustrated in Figure 8.13. 

Two tula-like flakes were also excavated from a single spit, both in Spit 7 (Figure 

8.13). One of these is retouched obliquely to the platform while the other is made 

from coarse silcrete, attributes which are not typical of tula flakes. The smaller of the 

two is made from fme buff silcrete and is slug-like in form. The other is made on a 

grey silcrete flake and has a natural cortex-covered platform. 

Two large ground artefacts were uncovered during excavation. The grindstone visible 

in the section diagram (Figure 8.12) was only partially exposed and thus the extent 

and morphology of the surface which has been ground were indeterminable. A 

second ground artefact was fully recovered from Spit 12. This was made on local 

sandstone, though only a small portion of the surface was ground. 

Chan~es in the stone assembla~e 

Lack of stratigraphic differentiation and the uncertainty surrounding Beta-1 06998 

make it difficult to further subdivide the deposit into meaningful analytical units. 

Changes in the stone artefact assemblage through the deposit are shown by each spit 

in Table 8.32. Spit 5, which has the highest proportion of fine-grained stone, also 

contains the two backed artefacts. Both are manufactured from fine-grained siliceous 

material. 

Sample sizes are insufficient to examine changes in the dimensions of whole flakes 

by spit. The attribute data for the deposit as a whole are presented in Table 8.33 to 

supplement the data from the other excavated deposits analysed previously in this 

chapter. As typical of the excavated deposits described above, the most notable 

feature of the assemblage is the lack of consistency in manufacture of 

silcrete/quartzite flakes, as indicated by their high standard deviations. 
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Table 8.32: Proportion of retouched artefacts, whole flakes and raw material types 
(silcrete/quartzite and fme-grained siliceous) from Square A, Arnngu Rockshelter. 
Artefacts in the sample are from the 6mm sieve combined with objects recovered in 
situ. 

Spit 
Total Retouched' Backed Whole Flake Silcrete/Quartzite Fine-grain sil. 
N N % N % N % N % N % 

1 13 0 0 0 0 4 31 10 77 3 23 
2 27 0 0 0 0 8 30 19 70 8 30 
3 40 2 5 0 0 14 35 28 70 12 30 
4 33 1 3 0 0 9 27 28 85 5 15 
5 42 0 0 2 5 20 48 22 52 20 58 
6 42 1 2 0 0 21 50 30 71 12 29 
7 34 3 9 0 0 13 38 25 74 9 26 
8 39 2 5 0 0 13 33 24 62 15 38 
9 47 0 0 0 0 19 40 35 74 12 26 
10 41 3 7 0 0 10 24 32 78 9 22 
11 39 0 0 0 0 13 33 27 69 12 31 
12 48 0 0 0 0 8 17 41 85 7 15 
13 2 0 0 0 0 1 50 2 100 0 0 
14 6 0 0 0 0 3 50 6 100 0 0 

Total/average 453 12 3 2 * 156 34 329 73 124 27 

1. All retouched artefact types (except backed artefacts) combined 
* less than 1% 
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Table 8.33: Attributes (in mm) of whole unretouched silcrete flakes, (from combined 
6mm residue and objects recovered in situ) Square A, Arnngu Rockshelter. 

Spit/Layer 

Total 
(Units 1-14) 

Total 
N 

120 

Length 
mean s.d. 

16.7 7.1 

Chan~es in artefact density through the deposit 

Width Thickness 
mean s.d. mean s.d. 

13.8 5.6 3.5 1.9 

Changes in the density of artefacts per spit are shown in Figure 8.14. The curve in 

Figure 8.14(a) reveals a general increase in the density of artefacts discarded through 

the deposit. There are two peaks in the curve. The first occurs in Spit 8 where the 

modem age estimate was obtained. The density rises to a second peak in the 

uppermost spit, consistent with the trend in the deposits from Kulpi Mara Open Site 

and Ilarari 19 Rockshelter. As noted previously in relation to those deposits, when 

corrected by volume of sediment, the density of artefacts in the uppermost spit seems 

inexplicably high. 

In other spits, breakage of flakes, possibly by trampling or other forms of 

occupational disturbance, may have been a factor contributing to high artefact 

densities. For example, the spits with the lowest density in the upper part of the 

deposit- Spit 5 (which contains the two backed artefacts) and Spit 6- also have the 

highest proportion of whole flakes. This assumes that whole flakes have not been 

removed preferentially or converted into retouched flakes. There are, however, no 

indications of an increase in retouched flakes in these spits in Table 8.32. 

Alternatively, the increase in whole flakes may be related to differences in knapping, 

reflecting either the use of more refined techniques or the selection of raw materials 

less likely to fail during manufacture. 

The number of artefacts in the deposit which overlie the modem age from Beta-

1 06998 could be taken to indicate a very recent upsurge in the rate of discard (Figure 

8.14b). However, there are possibilities that the date is anomalous and should be 

discounted. Because of the uncertainties surrounding the estimate, the apparent 

increase in occupation in the very recent past cannot be accepted with any certainty. 
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Figure 8.14 
Number and density of flaked stone artefacts in the deposit, Amngu Rockshelter. a) number 
of artefacts per kilogram of sediment and b) total number of artefacts by Spits 1-7 and 8-14 
combined. A modern date was obtained from Spit 7 and a date of 1,420±100 from Spit 14. 
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Further age estimates to confirm the age of Beta-1 06998 and more thorough attempts 

to locate conjoins will assist in resolving this issue. 

Summary 

This chapter reviewed the evidence from the five newly excavated deposits on a site 

by site basis. Deposits were selected to highlight variability across the landscape and 

with sufficient depth to reveal long-term sequential occupation. 

As expected, the excavated deposits from different environmental settings yielded 

distinctive occupational and depositional histories. These findings confirm the 

contribution of environmental factors to spatial and temporal variation in the 

patterning of the archaeological record in the Palmer River catchment. 

The following chapter analyses the data from the collective sample of excavated sites 

and attempts to build a regional framework which explains variation in settlement 

pattern through time and across the landscape. The sample for the analysis will 

include, in addition to the five newly excavated sites, data from Ilarari 17 

Rockshelter previously excavated by Smith (1988) and the survey data presented and 

analysed in the previous chapters. 
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CHAPTER9 

CONSTRUCTING A FRAMEWORK FOR THE INTERPRETATION OF 
PREHISTORIC SETTLEMENT IN THE PALMER RIVER CATCHMENT. 

9.1 Introduction 

The surface materials described and analysed in Chapters 5 to 7 provided insights 

into the spatial organisation of settlement patterns across the landscape. In the 

previous chapter, the data from a sample of excavated sites were analysed to provide 

a temporal dimension to the archaeological record of the Palmer River catchment, 

essential to its interpretation from a perspective of long-term adaptation to climatic 

and landscape change. This chapter synthesises evidence from both the surface 

survey and excavation components in an attempt to bring the two together in a single 

integrated space-time framework. 

Clearly, such a task is a major undertaking and there may be limits to which it is 

possible to account for the organisation of settlement systems throughout the period 

of human occupation in terms of a single explanatory framework. Further, the 

development of a common framework must simultaneously address a range of 

complex spatial and chronological issues. For these reasons, the ultimate goal of such 

a framework is not the reconstruction of prehistoric settlement pattern throughout the 

whole of human prehistory but rather to establish a methodological and conceptual 

basis from which to approach its complexities. 

This chapter draws on a diverse range of evidence in constructing a temporal 

framework. It combines archaeological, stratigraphic and radiocarbon data with 

evidence from palaeoclimatic research. Sections 9.2 to 9.4 examine the issue of 

chronological resolution and its affect on the interpretation of the surface and 

subsurface materials in the Palmer River catchment. The section which follows 

describes and analyses the palaeoenvironmental record for the period of occupation. 

Section 9.6 summarises the evidence for changes in settlement organisation through 

time on the basis of the surface and subsurface evidence. The final section 

synthesises the two sets of data and develops a theoretical perspective to account for 

long-term changes in settlement pattern. 
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9.2 Chronological issues 

Archaeolo~ical resolution 

Rates of deposition, both of sediments and artefacts, detennine the resolution of the 

archaeological record. For example, it was suggested from the data presented in 

Chapters 5 and 6 that the structure of the regional archaeological record could be 

explained as a pattern of sequential use of the Palmer River catchment with varying 

degrees of overlap in the placement of activities. In Chapter 8, rates of artefact and 

sediment deposition were seen to have fluctuated over the occupation histories of a 

number of sites. 

Other researchers have made similar observations. Stem (1994:94), for example, 

examines the influence of depositional patterns on 'time-averaging' of archaeological 

deposits. She observes that the variations in artefact density on which archaeological 

interpretations are frequently based are often the result of varying rates of deposition. 

Binford (1982:16-17) and Kroll (1994:109-112) point out that the intensity of, and 

degree of overlap between, occupations will detennine the extent to which it is 

possible to identify discrete episodes of activity in the archaeological record. 

It is possible to consider resolution in tenns of two extremes. At one end, the 

archaeological landscape may be thought of as a series of discrete activity areas 

which are clearly separable in space and time. At the other extreme, the 

archaeological landscape may represent the long-term accumulation of debris lacking 

in spatial and temporal differentiation. Either scenario would lead to very different 

conceptions of the archaeological record in terms of the organisation of settlement 

and its development over time. In this study, the reality lies between the two 

extremes with varying degrees of resolution represented in both the excavated and 

surface deposits. 

Inte~ty of deposits 

Within buried deposits, rates of deposition bear on another issue relevant to 

interpreting their resolution, namely the degree of occupational disturbance. Mixing 

of artefacts and sediments will reduce the ability to identify discrete occupations or 
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horizons and contribute to 'time averaging'. As Hughes and Lampert (1977:139) 

observe, archaeological materials which amass during rapid deposition are less likely 

to be affected by occupational disturbance, the archaeological materials preserved to 

a large extent by sediments accumulating rapidly around them. On the other hand, 

artefacts which undergo slow rates of deposition are more likely to be subject to the 

disturbance of later occupants. Resolution is thus dependent on integrity, while both 

are affected by rates of deposition. Consequently, changes in deposition rates are 

crucial to interpreting the chronological resolution of, and hence the time frame 

imposed on, the archaeological landscape. 

Temporal scale 

Varying rates of deposition will have consequences for the interpretation of temporal 

scales. If deposition rates are prone to fluctuate, a common temporal scale cannot be 

applied with any certainty throughout the deposit. In addition, variation between 

deposits may place limits on their comparability. By extension, lack of constant 

deposition may necessitate the use of a range of temporal scales as analytical units. 

Frankel (1988, 1993) has examined the implications of changing depositional rates 

for archaeological interpretation. Low rates of deposition tend to obscure short-term 

fluctuations, leading to a perception of change which emphasises long-term trends 

over short-term variability (Frankel1993:25). Similarly, the use of too narrow a time 

frame may be inappropriate for an archaeological record comprising superimposed 

distributions (Stem 1994:94). In sites which have been repeatedly occupied, 

conditions of low or stable deposition will tend to produce sequences of multiple 

occupation events rather than single occupations. Indeed, it was shown in Chapter 5 

of this thesis that it is difficult to identify discrete occupation episodes in the surface 

archaeology of the Palmer River catchment, even in sites of apparently well

preserved structure. 

Furthermore, ethnographic models based on the year to year movements of a 

hypothetical band may have little meaning in situations where the accumulated 

discard of multiple bands are collapsed into a single archaeological unit. As the 

period of time represented in a archaeological deposit increases, it becomes 

increasingly difficult to discern brief yet frequent episodes of occupation from very 
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infrequent ones of longer duration. Only when it is possible to demonstrate that there 

is no overlap in an archaeological distribution can it be assumed that the patterning of 

archaeological sites within a region is the result of a single band of hunter-gatherers, 

as often described in ethnographic accounts. 

While variations in settlement at this scale of resolution are often difficult to discern 

archaeologically, they remain a potential factor influencing the patterning of 

archaeological materials. As discussed in Chapter 5, short-term shifts in settlement 

location may result in lack of 'spatial congruence' between occupations, making it 

difficult to discern discrete foci in the surface archaeological record. Similarly, 

spatial shifts in occupation may result in discontinuities in the occupational history of 

hunter-gatherer sites. 

Factors which may precipitate these shifts include heavy exploitation of local flora 

and fauna and deforestation by removal of firewood (Dewar and MacBride 

1992:233), abandonment of a locality following the death of a relative (Hayden 

1981:375), or devastation of a landscape following a natural calamity such as a 

drought or flood, which in severe cases may result in regional abandonment ( eg 

Gould 1991 : 12). Opportunities for spatial relocation within the site area are likely to 

vary between sites, particularly open sites and rockshelters, affecting the chances of 

overlap between occupations differently. It is worth noting that, despite the logical 

implausibility of continuous occupation, there is not one site excavated in the present 

study (or indeed elsewhere in central Australia) which shows a clear stratigraphic 

break or hiatus (cf. Hughes and Lampert 1977:136). 

9.3 Age of the surface materials 

The surface evidence collected during the transect and site surveys indicated 

considerable variation in the quantity of archaeological materials across the 

landscape. In Chapter 6, patterns in the organisation of prehistoric settlement were 

tentatively proposed to account for these variations. Chronological issues must be 

addressed to enable these data to contribute to a diachronic model. 
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Stratified sites 

While most of the artefacts recovered from the transect and site surveys remain 

undated, artefacts on the surface of excavated deposits may be assigned a relative age 

based on principles of superposition. For each of the five deposits excavated as part 

of this study, all provided dates of approximately 2,000 years BP or younger from 

beneath the surface. On the basis of this evidence, and Smith's (1988) excavation at 

Ilarari 17, very few surface materials are likely be older than 3,000 years BP and 

most are probably less than 500 years BP. 

Three of the five sites excavated in this study yielded subsurface ages less than 600 

years BP. Radiocarbon determinations from Irtikiri and Arnngu Rockshelters 

produced dates less than 300 CAL years BP :from depths greater than 20cm. A date 

of 290 CAL years BP at a depth of near 35cm and a modem date :from a depth of 

15cm show a consistent relationship between age and depth in the upper levels of 

Irtikiri Rockshelter. At Kulpi Mara Open Site, a rich surface layer overlies a date of 

approximately 500 years BP from a depth of 50cm. As shown in Figure 8.6, Kulpi 

Mara Open Site displays evidence of recent erosion resulting in a threefold increase 

in artefact densities at or near the surface. 

It is worth noting that the two rockshelters which yielded relatively old age estimates 

:from a shallow depth, Kulpi Mara and Ilarari 19, are both deposits where sediment 

was derived primarily from the shelter walls and roof. Where sites have an external 

source of sediment, the radiocarbon ages from shallow depths all provided estimates 

of around 500 years or younger. This is consistent with Smith's (1988) findings at 

Ilarari 17, which produced a single date of around 3,000 BP :from a depth of 163-

188cm below the surface. Smith's excavation was located on a sandplain abutting a 

rockshelter with a deposit composed of aeolian and alluvial sediments. Smith 

(1983:36) notes that a date of3,000 BP from this depth indicates 'massive changes in 

plain level' and from this draws the implication that 'sites older than 5000 years are 

probably deeply buried in this area'. 

Of course it cannot be assumed that the excavated deposits provide a representative 

sample of the landsurfaces on which artefacts located during the surveys were found. 

Sites with some depth of deposit are more likely to be selected for excavation, while 



sites without any apparent deposit are more likely to be excluded. For example, depth 

of deposit was a factor influencing selection of the excavated rockshelter at Kulpi 

Mara over other rockshelters located closer to the main rockhole at the site. Even so, 

a high proportion of artefacts recovered during the transect and site surveys were 

located in depositional environments similar to the surface of Kulpi Mara Open Site -

on gentle footslopes along the flanks of ranges - which revealed evidence of having 

formed only within the last 600 years. 

Unlike the sites and artefacts occurring on predominantly alluvial landforms, the age 

of archaeological materials on dunes can not be estimated from the excavated 

deposits. Many of the dune sites are found along the margins of floodplains 

bordering the larger rivers and creeks, suggesting that they date to the period in 

which the floodplain reached its present width. The evidence for Holocene 

palaeofloods, reviewed below, suggests that the broad floodplains of the Palmer 

River catchment continued to form during the last millennium. However, further 

geomorphological investigation is needed to establish the age of the present 

floodplain and its migration during the Holocene. Hence, while sites on the surface 

adjacent to the floodplain are inferred to be of recent (post 500 years BP) age, this 

interpretation must be regarded as tentative. 

Time-sensitive artefacts 

The dating of sites through the presence of distinctive types of materials offers 

another means of assessing the age of surface deposits and rock art. There are several 

types of archaeological materials - stone artefacts, rock art and contact-related items 

- with potential to contribute this type of information. 

The evidence for changes in stone artefact technology in the late Holocene was 

presented in the previous chapter and is summarised below. The decline in backed 

artefacts in deposits dated to the last 500 years is consistent with the results of the 

surface surveys, where very few artefacts of this type were located. Tulas and 

grindstones, which were both relatively common on the surface, were much rarer in 

the excavated deposits. 
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These trends may be a product of the relatively small area excavated and the focus on 

rockshelters, which may have produced unrepresentative assemblages. If this is the 

case, the difference between the excavated assemblages and the surface materials 

may be largely a reflection of the differences between rockshelters and open sites. 

This possibility warrants further investigation, although on present evidence the trend 

in backed artefacts, of which a relatively large sample was recovered from the 

excavated deposits, appears to be solid. 

Recent changes in stencil production have also been noted by Thorley and Gwm 

(1996) in the Palmer River catchment. One rockshelter at Irtikiri includes a stencil of 

a kitchen knife among a frieze of 200 handstencils on the same wall which, from the 

weathering and arrangement of motifs, appear to be contemporaneous. In other cases 

recorded by Gwm (1988, 1995b) the recent age of the stencils was obvious from the 

loose exfoliated surfaces on which they were found. 

Further, the age of the surface deposits at sites where sediments.are derived primarily 

from the weathering of the shelter itself also suggests that stencils on the shelter 

walls and roof are of late Holocene age. This is certainly true of Amngu Rockshelter 

which has returned a basal late Holocene age and a modem age from beneath the 

surface. In Arnngu, Kulpi Mara and Ilarari Rockshelters, all of which have deposits 

derived from the weathering of the shelter itself, the age of the surface deposits can 

be considered to be contemporaneous (or slightly older) than the rock art on the walls 

and roof. 

In addition to the kitchen knife stencil, contact-related items were recorded at several 

sites. There was evidence that metal tools had been used on wooden artefacts found 

on the surface of Ilarari and Kulpi Mara, indicating that both sites had been used 

within the last two centuries. The stone arrangements described in Chapter 4 were 

also inferred to be of post-contact age. Overall, however, the quantity of contact 

items was low. This, together with evidence that stone artefact manufacture and rock 

art production persisted during the early contact period, make it difficult to identify 

this period archaeologically. 
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9.4 Building a chronology 

Methodological considerations 

The interpretation of change in archaeological sequences is dependent on instruments 

used to describe variation or continuity in archaeological deposits through time. Like 

other measuring devices, instruments for detecting change can be assessed in terms 

of their reliability and validity (defined in Chapter 4 of this thesis). 

As Bird and Frankel (1991:1), Hiscock (1986:40) and Ulm and Hall (1996:45) have 

observed, the principle means of establishing change in prehistoric settlement in 

Australia have been: 1) frequency of dated occupation for a particular period; 2) 

density of artefacts per volume of sediment; and 3) variation in the composition of 

artefact assemblages. The three methods can be applied to the data from the Palmer 

River catchment to evaluate their potential to contribute to a framework for 

explaining changes in settlement organisation over the period of human occupation. 

Radiocarbon determinations 

The reconstruction of prehistoric settlement in Australia has relied primarily on two 

methods of dating: radiocarbon and, more recently, luminescence. The use of both 

methods has limits both of accuracy (of the estimate) and precision (the standard 

error of the estimate). 

The use of radiocarbon date frequency as a measure of occupation intensity was 

advanced by Rick (1987). Use of the method has been the subject of debate in 

Australia, focussing on whether variation in the frequency of dates for any particular 

period is best interpreted as a result of short-term fluctuations in site use or long-term 

demographic trends (Bird and Frankel 1991 : 10, Lourandos 1996: 17). 

The qualifying assumptions of the date method are outlined by Rick (1987:57-58 ). 

First, the method assumes that the sample of dates is sufficiently large. The ability of 

the sample to reflect the magnitude of occupation increases with sample size. 

Second, it assumes that similar procedures have been applied in selecting samples for 

radiocarbon analysis. This is violated if the samples are deliberately selected to 
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represent specific time segments or portions of deposits, or differential preservation 

has effected the chances of selection. 

To apply this method in the present study, the procedures for selecting samples 

require elaboration. The general procedure followed was to obtain a date from the 

bottom of each sequence (preferably on bedrock) and to spread the remainder 

through the deposit. Limited funding restricted the number of dates that could be 

obtained to 15. Because of its age and the larger volume of deposit excavated, Kulpi 

Mara Rockshelter was more comprehensively sampled (six conventional and one 

AMS age estimates were obtained). The aim was to spread the remaining dates 

evenly through the sample of excavated sites. Only one date was obtained from Kulpi 

Mara Open Site. In this case, the aim was to obtain a date from beneath the relatively 

dense upper layer to gain an indication of the age of the surface material, rather than 

to date the basal occupation. 

The complete sample of uncalibrated radiocarbon determinations from the Palmer 

River catchment is shown in Table 8.2 and Figure 9.1. Despite the small sample there 

are few isolated estimates (dates which fall outside two standard deviations of at least 

one other estimate). The two samples which are exceptional in this regard are the 

date of 29,510±230 years BP from Kulpi Mara rockshelter and 1,420±100 years BP 

from Arnngu. Both dates were from samples taken on bedrock and are thus assumed 

to be relatively accurate indicators of first occupation. At Kulpi Mara Rockshelter, 

the remaining dates are clustered at c. 24 ka years BP and at c.l2 ka years BP. With 

the exception of Arnngu, all dates in the mid-late Holocene fall between c. 2-3 ka 

years BP and 0 to 600 years BP. 

There is also a number of periods with no age estimates. The gap of around 4 ka 

years between the AMS date and the two dates of around 24 ka years BP from Kulpi 

Mara Rockshelter might be explained by differences in dating technique and the 

larger standard deviations associated with older samples. On the other hand, the 

break between c. 24 ka years BP and 12 ka years BP cannot be so explained and thus 

seems to represent a real break in occupation. Similarly, the gap between the terminal 

Pleistocene and mid-late Holocene periods is conspicuous. A case could also be 

made on the basis of the data in Figure 9.1 for a reduction in occupation between c. 2 
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ka years BP and 500 years BP, with Arnngu the single site with a date falling in this 

period. 

Deposition rates 

The second commonly used approach in identifying changes in subsurface deposits is 

the density of artefacts per volume of sediment. To calculate this index, deposition 

rates, both of artefacts and sediments, are inferred from radiocarbon chronologies. 

Analysis of depth-age relationships in the previous chapter suggested that deposition 

rates vary at different stages in the formation of deposits. Ideally, it should be 

possible to correct these changes by factoring in the volume of sediment accumulated 

between the radiocarbon estimates. The difficulty in this study has been that, rather 

than changing gradually, there were indications in several sites that deposition rates 

of both artefacts and sediments frequently underwent quite sudden changes. 

The relationship between artefact and sediment accumulation is complex, although 

several factors appear to be involved. 

1) Humans impacting on the depositional environment. This is suggested by the trend 

in several rockshelters for the quantity of coarse rubble to increase with artefact 

density. 

2) While humans may accelerate the rate of deposition they are not the only factor. In 

Ilarari 19, sediments began to accumulate before humans occupied the shelter. 

Further, many of the rockshelters observed during the survey without traces of 

occupation also show evidence of recent episodes of deposition resulting from 

exfoliation. 

3) Occupation mixing with sediments. If a wide zone of mixing occurs, artefacts 

accumulating in a short period may become dispersed within sediments accumulating 

more gradually. 

4) Occupation cutting into lower sediments. The structure of hearths and charcoal 

features visible in the profile of most sites suggest these features lie unconformably 
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on the sediments below them. 

5) A combination of the above. 

A further relevant observation is the large increases in artefact densities which occur 

in the uppermost units of deposits from Kulpi Mara Open Site, Ilarari 19 and Arnngu 

Rockshelters. The very high densities in each case are created by a relatively small 

quantity of artefacts in an unconsolidated surface layer of sediment. Chapter 7 of this 

thesis demonstrated the relationship between surface density and shifting sediment. It 

might be assumed that this affects only the surface layer prior to consolidation. 

However, it must be borne in mind that all sediments and artefacts once comprised a 

surface layer and would have previously been subject to these same processes. These 

observations bring forth questions regarding the use of 'numbers of artefacts per 

volume of sediment' as an index of change in other central Australian deposits, as 

discussed in the following chapter. 

Chan~es in artefact technolo~ 

A third major source of evidence for change in the archaeological record of the 

Palmer River catchment comes from the flaked stone artefacts and grindstones and 

the raw materials from which flaked artefacts were manufactured. A wide range of 

materials was recovered from the excavated deposits in this study, including faunal 

materials and artefacts made from organic materials, which were confined largely to 

the uppermost levels and surface of excavated deposits in rockshelters. 

Flaked stone artefacts were the most abundant and widespread artefacts in time and 

space. Much of the knapping activity was carried out on quartzite/silcrete materials, 

which are variable in size and quality. The use of coarse materials appears to be 

largely opportunistic and, from the analysis of their size-related attributes, shows 

little apparent directional change through time. 

Spits with backed artefacts were dated between 2,300 and 3,600 CAL years BP at 

Kulpi Mara and lrtikiri. At Kulpi Mara, three backed artefacts occur in consecutive 

spits, all in Square C, the uppermost of which was dated by association with a hearth 

at 2350-2750 (CAL years BP). No other backed artefacts were recovered from the 
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site, suggesting that backed artefacts from Kulpi Mara are more closely related in 

time than their vertical separation within the deposit implies. 

Evidence from Kulpi Mara, lrtikiri and the surface evidence also point to a decline in 

production of backed implements in more recent levels. lrtikiri, which has the largest 

sample, shows a clear reduction in the upper levels (Table 8.19 and 8.20). Backed 

artefacts were concentrated in the middle levels ofllarari 19 (Table 8.26), whilst only 

one was recovered (from near the base) of Ilarari 17 (Smith 1988: 187). The results of 

the transect and site surveys (see Chapter 4) show that backed artefacts were rare on 

the surface. In the transect survey, which aimed to generate a representative sample, 

they were less common than tulas. In the excavated deposits, the reverse occurs, with 

backed artefacts occurring more than twice as frequently. 

The low number of tulas recovered from the deposits and the lack of classic types 

makes their identification and precise timing less certain. Most of the tulas are small 

and have been retouched obliquely to the platform. A possible explanation for this 

unusual angle of retouch is that artefacts of this type are made on flakes with 

narrower platform and width. Retouching the distal margin at an angle to the 

platform may have been employed to increase the working edge, while retaining, as 

much as possible, the wide angle between the bulbar and ventral surface typical of 

tulas. Given these complexities and the small sample, tulas are presently not a 

reliable indicator of technological change. Further work, including analysis of surface 

artefacts, may help resolve some of the problems. 

Similar problems plague the interpretation of grinding technologies. All sites have 

fewer than five ground artefacts. Although undated, in three of the four sites, 

grindstones are confined to the uppermost 1 Ocm of deposit. The only site with 

grindstone below this (Arnngu) has a basal date of 1,310 (CAL years BP). Like tulas, 

their proportion as a percentage of the retouched assemblage appears to increase on 

the surface. In the case of grindstones, however, this may be a factor of their size and 

hence visibility compared with smaller flaked artefacts (see discussion of size sorting 

in Chapter 7). 

Several sites revealed evidence for fluctuations in raw materials through time. The 
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proportion of fine-grained raw material increases slightly above a date of 312 CAL 

years BP at Irtikiri. At Kulpi Mara Rockshelter, there is a slight decrease from layer 

2 to layer 1, which is associated with the three spits containing backed artefacts. A 

similar increase in fine-grained raw material was associated with the two backed 

artefacts from Spit 5 at Arnngu Rockshelter. 

There is, however, no clear trend linking increases in fme-grained raw materials 

either with the advent of backing or with levels representing the most recent phase of 

occupation. At Kulpi Mara Rockshelter, the proportion of fine-grained stone appears 

to be highest during the earliest occupation of the site. The proportion of fine-grained 

materials in layer 3 (17%) is almost halved to layer 2 (9%). The magnitude of the 

change is greater than any of the shifts in raw material use at other sites during the 

mid-late Holocene. 

Sumroazy and evaluation of methods 

Temporal changes in prehistoric settlement can be identified through a range of 

methods which provide different and, in some cases, contradictory perspectives. The 

use of a composite of approaches contributes information on different aspects of 

prehistoric settlement pattern and provides a check on each method. In the present 

study, questions are raised over analytical methods which assume constancy in 

sediment deposition rates. 

In particular, problems of unequal resolution affect the interpretation of changes in 

the rate of artefact discard. The use of 'artefacts per volume of sediment' as an 

indicator of discard rate relies on constant rates of deposition over the period in 

which density is calculated. This requirement poses difficulties in this study because 

of the degree of fluctuation in deposition within and between sites. In an arid 

landscape where climate is geared toward pulses of activity, i.e. relatively short 

phases of intense activity followed by intervening lulls in the rainfall generated 

erosion/deposition cycles, there is little reason to assume that constant deposition will 

prevail over long periods of time. 

Distinctive depositional histories were also apparent in different sites, which poses a 

problem for regional correlation between sites and levels. This is an advantage in the 
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date method outlined by Rick (1987). Namely it bypasses the stochastic effects of 

variations in the depositional history within sites and between sites. 

The reliability of the radiocarbon date sample is dependent on the collection of 

charcoal for analysis. In this study, radiocarbon samples were generally obtained 

from discrete charcoal features and hearths. In his excavation of James Range East, 

Gould (1978) also sought to obtain dates in this manner. In contrast, Smith (1988:78) 

obtained all of his dates from dispersed charcoal either recovered directly from the 

sieve residues or by flotation. Obtaining charcoal in this way places limits on the 

precision of the estimate, determined by the size (depth) of the spits and the 

stratigraphic integrity of the deposit. 

The most effective measures are ones in which change can be observed directly in the 

artefacts themselves, rather than implied through inference. As outlined in Chapter 3, 

the reliability of observational units can be assessed in terms of how consistently a 

definition can be applied. In the excavated deposits, tulas proved difficult to define 

consistently, reducing their reliability as a measure of technological change. Like 

tulas, grindstones are generally rare in excavated deposits and subject to similar 

sample size effects (Hiscock 1994b:173, Gorecki eta/. 1997:145-146). There would 

also need to be further refinement in the flaked stone artefact raw material classes 

before they could be consistently defined as 'local' or 'exotic'. Few artefact types 

show distinctive and consistently recognisable characteristics. At present, backed 

artefacts provide the largest sample of any recognisable implement class and are thus 

potentially the most valid indicator of technological change. 

9.5 Evidence for environmental change 

The temporal structure of the archaeological evidence described in the previous 

chapter and analysed above is complex. Occupational histories can be viewed over 

periods of varying duration and the structure of deposits with varying degrees of 

resolution and integrity. Equally, the extent to which the archaeological evidence can 

be interpreted within an ecological framework will depend on the temporal structure 

of the supporting environmental evidence. The results presented and analysed in 

Chapter 6 suggested that year to year climatic variation was a factor in the use of 

ephemeral waters as focus for occupation in the Palmer River catchment. To apply 
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these .observations over a long period relies on the assumption that climatic 

conditions have remained relatively constant throughout the period of human 

occupation. Alternatively, given sufficient understanding of changes in 

palaeoclimate, it may be possible to predict changes in settlement patterns on the 

basis of variations in key ecological parameters over time. With these aims in mind, 

the following section presents the relevant palaeoenvironmental data for Palmer 

River catchment from the late Pleistocene to the present. 

Quaternary climate chan~e 

Research into climatic conditions of the late Quaternary has proceeded on a number 

of fronts - including lake levels, dune sequences, ice and ocean cores, pollen records 

- using a variety of absolute and relative dating techniques. Thorn (1992: 1 0) observes 

that it is ' ... now an inescapable fact that global climates of the last 30 000 years have 

changed in magnitude equal to, if not greater than, any comparable time period in the 

last 2 000 000 years.' Give these observations and the fact that the climate of the arid 

zone is tenuous at the best of times, it seems reasonable to expect that any major 

climatic changes would have had significant repercussions for human populations in 

the Palmer River catchment. 

The primary source of evidence for Quaternary climate change are lake level data, 

generally measured at 1,000 year intervals or more. Recent summaries by Ross eta/. 

(1992) and Harrison (1993) rely mostly on lacustrine records. At this level of 

resolution, lake data have difficulty documenting the intensity and variability of falls. 

To reconstruct these aspects of long-term climate, Harrison ( 1993) develops a model 

which relates variation in lake levels to other sources of evidence, such as pollen 

records and dune orientation. Pollen records provide evidence of the relative 

contribution of summer and winter rainfall adapted species (e.g. Singh 1981 ), while 

continental dune orientation reflects the prevailing wind direction at the times dunes 

were forming. From these disparate sources of data, continent-wide models of 

atmospheric circulation - much like contemporary weather maps - are produced. In 

this manner, Harrison's (1993) model predicts shifts in weather pattern from summer 

to winter-dominated systems and their associated rainfall patterns. 

Under current climate conditions, the Palmer River catchment receives both summer 
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and winter rains (see summary Chapter 3). Summer rainfall averages are higher, 

reflecting the stronger influence of tropical low pressure systems from the north. The 

tropical lows tend to produce the heaviest falls and are associated with the largest 

flood events. The relative influence of seasonal rainfall in central Australia is 

determined by shifts in the subtropical high pressure belt, which moves north in 

winter and south in summer. The southward movement in summer coincides with 

increased monsoonal flow, while northward movement results in increased winter 

rainfall. Central Australia straddles the two systems and receives precipitation from 

both, while the summer (monsoonal) rain system produces the heaviest falls. 

As discussed in Chapter 3, the yearly pattern of rainfall documented over the the last 

100 years shows significant variation in the incidence of the high rainfall events. 

Very high summer rainfall events are registered over the period of historic 

observation as 'spikes' in the distribution (Figure 3.2a). Yearly rainfall totals greater 

than 400mm have occurred on average around one in every ten years during this 

period. This appears to correspond loosely with the cycles produced by the so-called 

ENSO phenomenon (El Nino Southern Oscillation). Research from Peru (Wells 

1990) suggests that the ENSO, which produces fluctuations in ocean temperatures in 

average cycles of seven to eight years, has been active throughout the Holocene. 

Allan (1990:81) links the major historic floods in the Lake Eyre Basin to an anti

ENSO phase, a reversal of the El Nino circulation. However, the influence of the 

ENSO in central Australia is uncertain, and as shown in Figure 3.2(a) there is 

considerable variation in the frequency of extreme events. It is not uncommon, for 

example, to have a series of exceptionally high rainfall totals in one decade followed 

by several decades without any. 

The Walker Circulation is another atmospheric circulation pattern said to have 

contributed to change in climate in the late Quaternary (Harrison 1993:213). Like the 

El Nino phenomenon, the Walker Circulation is generated by ocean temperatures to 

the north of Australia. Strengthening of the Walker Circulation, which is independent 

of changes in the positioning of the subtropical high pressure system, has been linked 

by Harrison (1993:213, 221) to increased rainfall in southeastern Australia during the 

early phase of the last glacial. 
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Arid zone 

Long-term trends in the climate of the arid zone are reviewed by Bowler (1976, 

1981 ), Harrison (1993) and Ross et al. (1992). The following summary is based on 

their work supplemented with data outside the arid zone from reviews of Northern 

Australia by Hiscock and Kershaw (1992) and New Guinea by Swadling and Hope 

(1992). 

The onset of the last glacial commenced around 45,000 years BP, during which 

rainfall patterns were dramatically altered by changes in temperature and 

continentality. Evidence from well-documented lacustrine records on the periphery of 

the current arid zone indicates that the onset of the last glaciation was registered 

initially as increased flooding and higher lake levels extending to c. 25,000 years BP. 

Strengthening of the Walker Circulation and reduced temperatures produced by 

glacial cooling are seen to have been contributing factors. 

With the arrival of full glacial conditions (22-16,000 yrs BP), falling sea-levels 

expanded the continental land mass and broadened the land bridge between Australia 

and New Guinea. Records from a combination of inland Australian lakes, including 

Lakes Eyre and Frome adjacent to the Simpson and Strzelecki dunefields, suggests 

that the period of glacial aridity extended from 25-12,000 years BP, peaking between 

22,000 and 16,000 years BP. Lake levels indicate Lake Frome remained shallow or 

dry until 16,000 years BP while salinity records show Lake Eyre was hypersaline 

prior to 12,000 years BP. Both lakes began to fill periodically after 16,000-13,000 

years BP indicating generally wetter conditions adjacent to the major dunefields of 

the Simpson and Strzelecki Deserts. 

To appreciate the full impact of the glacial maximum on the human ecology of the 

region requires an understanding of changes in the pattern as well as the quantity of 

rainfall. Estimates of rainfall reduction, which vary between 30-50% during the 

glacial maximum (Ross et al. 1992:96, Smith 1989:95), are likely to be more 

profound if seasonality and temperature, which determine effective precipitation, are 

taken into account (Bowler 1976:58, Friedel et al. 1990). 

Increased continentality brought about by falling sea-levels is likely to have 
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weakened the effects of both the tropical and southern low pressure systems. With 

the coastline extended well to the north, the monsoonal system, which under present 

arid climate conditions generates temporary pulses of biotic activity, would have 

been substantially reduced if not curtailed. The lack of either summer rains, with 

their heavier falls, or winter rains, which occur under conditions of low evaporation, 

would mean that whatever precipitation did occur would be limited in its ability to 

regenerate plant growth and sustain biomass. This would have greatly accentuated 

the stresses of the last glacial maximwn. 

The climatic record for the early Holocene suggests a resumption of the summer 

(monsoonal) weather pattern in Northern Australia. The extent to which summer 

rains penetrated the arid zone during the early to mid Holocene is unclear, though 

because the coastline remained extended to the north, the effects of monsoonal 

conditions are unlikely to have reached levels similar to present before the sea-level 

stabilised around 6,000 years BP. Pollen records for Lake Frome suggest a period of 

relatively high summer rainfall from 9,500 to 8,000 years BP. Lake level data, 

however, reflect northward movement of the subtropical high pressures systems 

between 11,000 and 6,000 years BP, which would have restricted monsoonal flows. 

Evidence for the early to mid-Holocene suggests a period of generally wetter 

conditions, although again the evidence is conflicting. Lower overall effective 

moisture is apparent from the lake level data for the mid-Holocene while pollen 

records from Lake Frome show an increase in grass and shrub species between 

7,000-4,000 years BP. The pollen evidence, along with the stabilisation of sea-level, 

suggests a period of higher summer-dominated rainfall from 6,000 years BP to 

around 4,000 years BP. 

This period following, from 4,000 to 2,000 years BP, was a period of reduced rainfall 

overall. Lower lake levels coincide with a period of dune-building across the arid 

zone from 4,000 to around 1,000 years BP. Lower summer rainfall is indicated by the 

reduction of tree, grass and tall shrub species in the pollen record. These conditions 

were followed by a slightly wetter period during the last millennium, although the 

Lake Frome pollen record shows a rise in values for chenopod species. This suggests 

a return to winter-dominant rainfall pattern in the Lake Eyre Basin, generally 
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associated with lower lake levels. Evidence for palaeofloods in central Australia, 

reviewed in the section which follows, appears to contradict this pattern to some 

extent in reflecting the influence of tropical low pressure systems (monsoons) during 

the late Holocene. 

Central Australia 

There are three sources of evidence on late Quaternary climates in central Australia: 

1) thermo luminescent dating of dunes along playa margins; 2) radiocarbon dates 

obtained from carbonates in groundwater; and 3) radiocarbon and luminescence 

dating of floodplain stratigraphies. 

First, limited dating of dunes along playa margins has provided evidence on pre- and 

early glacial climatic events. Central Australia lacks a detailed lacustrine record 

similar to that elsewhere in the southeast arid and semi-arid zones. 

Thermoluminescence (TL) dates from gypsum and sand dunes adjacent to two major 

lakes - Lake Amadeus and Lake Lewis - provide a coarse-grained record until c. 

20,000 years BP (Chen et a/. 1995). Gypcrete layers within the lake bordering dunes 

indicate periods of high groundwater, with TL dates ranging from 33 to 59,000 years 

BP. Sand lenses within the Lake Lewis dunes gave consistent TL dates of 21±4 ka 

and 23±6 ka years which coincide with the period of major dune-building during the 

last glacial maximum. These data, though coarse-grained, confirm that the major 

climatic shifts of the last glacial were registered in central Australia. 

Second, radiocarbon dates were obtained on groundwater carbonates from different 

aquifer sources in the central Australian ranges by Jacobson eta/. (1989, Jacobson 

1996). Age estimates in excess of 30,000 years BP were obtained from groundwaters 

in the Mereenie Sandstone fed by fissure recharge. These data suggest that water 

would have been available in sources fed by Mereenie Sandstone aquifers throughout 

the period of greatest aridity (Smith 1989). A network of major permanent waters in 

incised gorges of Mereenie Sandstone occur along the southwest edge of 

MacDonnell Range bioregion, including a series of springs along the southern flank 

of the Gill Range to the west, Ilarari and Walker Gorge in the Palmer River 

catchment and Running Waters, where the Finke River exits the James Range to the 
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east. This places the Palmer River in the centre of a network of major permanent 

waters accessible during the last glacial maximwn. 

The third source of evidence on past climate in central Australia, the dating of 

floodplain stratigraphy, provides the most detailed record for the Holocene. Evidence 

for major flooding ("superfloods") has been reported in several stream catchments 

with headwaters in the central Australia ranges. The stratigraphy of the Ross River 

floodplain provides evidence for several large floods during the Holocene (Patton et 

al. 1993). The largest of these took place sometime prior to 1,500 BP and covered the 

floodplain with fine alluvium for a distance of 1 Okm from the channel. A more recent 

series of large flood events in the Ross River catchment commenced between 1 ,500 

and 700 years BP (Patton et a/. 1993:211 ). 

In the upper Finke River catchment, where a similar series of events is apparent, 

charcoal in slackwater flood deposits have been dated by radiocarbon (Pickup and 

Allan 1988). Of seven events, four were recorded since AD 1921, the other three 

(from uncalibrated radiocarbon age estimates, error not published) at 850, 700 and 

450 years BP (Pickup and Allan 1988:199, Baker et a/. 1983:2). The lower 

catchment of the Finke River, where it truncates the Simpson Dunefield, has been the 

subject of investigations by Nanson eta/. (1995). The floodplain sediments and their 

associated source-bordering and linear regional dunes have been dated by TL. 

Sediments within the floodplain units become increasingly coarse with depth, 

showing an accumulation of sediment from major flood events. TL dates for the 

lower units suggest an age between 9,000-6,000 years BP for the period of major 

alluviation, while dates of 5,000-4,000 years BP for source-bordering dunes are taken 

to indicate reactivation of dune building in the mid-Holocene. 

The combined evidence from central Australia suggests that large flood events have 

occurred periodically throughout the Holocene, increasing in frequency during the 

late Holocene. Because of their relatively short duration, extreme precipitation events 

may have made have made little difference to overall aridity as reflected in the long

term lacustrine records. Together with evidence for increasing aridity in the mid

Holocene, the overall trend in the mid-late Holocene appears to be one of increased 

variability. 
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Despite their relatively low frequency, extreme events have far-reaching 

consequences for the geomorphology of arid regions. Acute rainfall shortages appear 

to have resulted in dune mobilisation in the mid Holocene, while massive flood 

events created extensive floodout plains (Williams 1970, 1971, Pickup 1991). The 

effects of one or more large flood events can be most clearly seen in the Palmer River 

catchment in Study Area 3 (Middleton Ponds), where the floodplain forms a large 

alluvial plain extending for Skm from the channel, in places truncating a previously 

existing dunefield. 

Periodic reactivation of dune building and flood episodes during the mid to late 

Holocene suggest that, rather than a period of relative stability, the Holocene 

environment was one of extreme variability. Sites located near the edge of extensive 

floodout plains, such as Arnngu Rockshelter, are particularly well positioned to 

register human responses to these changing conditions in the Holocene climate and 

landscape. 

9.6 Summary of archaeological evidence 

The point was made previously that limits are placed on the interpretation of the 

archaeological record by the varying degrees of resolution represented in 

archaeological deposits. The environmental record for the period of occupation 

reveals similar variations in degrees of resolution. These range from year to year 

variations, extreme events registered in cycles between ten and a hundred years, and 

changes in lake levels recorded over a millennium or longer. 

The investigation of human responses to environmental changes needs to consider 

the effects of variation at each of those scales and the extent to which regional 

populations are likely to have been equipped to cope with unprecedented changes in 

climatic conditions. The very extensive time span represented by Kulpi Mara 

provides an opportunity to examine long-term adjustment to the major environmental 

changes of the last glacial. 

The age depth of Kulpi Mara Rockshelter contrasts strongly with that of the five 

remaining excavated deposits. Despite their younger ages, the mid-late Holocene 

deposits have greater potential to indicate short-term adjustments in settlement 
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pattern in response to fluctuations in local conditions (cf. Bird and Frankel 1991:1). 

The surface evidence generated the most representative sample of occupation within 

the catchment, and thus provides a more comprehensive database for the analysis of 

spatial organisation. Together, the diverse types of evidence each have potential to 

contribute to a composite model of regional settlement and adjustment to 

environmental change. 

The section which follows synthesises the data from previous chapters into a 

statement describing the nature of settlement indicated by the subsurface and surface 

evidence. Following this, the data are incorporated within a single temporal 

framework. A theoretical approach is then proposed to explain the data, and its 

conceptual basis explored. 

Subsurface 

Dated occupation in the Palmer River catchment commences at around 30,000 years 

BP. Although evidence for the late Pleistocene is limited to one site (Kulpi Mara 

Rockshelter), inferences can be drawn about the nature of settlement based on the 

palaeoenvironmental record, the location of the site in the landscape, and changes in 

the archaeological deposit over time. 

First occupation of Kulpi Mara occurred during a time which palaeoclimatic 

evidence suggests was both cooler and wetter than the present. The lower 

temperatures combined with increased precipitation as a result of a stronger Walker 

Circulation, would have increased the availability of water in the Palmer River 

catchment and the larger Finke River drainage system. At this time, prior to the onset 

of glacial aridity, movement within the catchment could have occurred freely without 

the constraints imposed by low rainfall. 

Evidence for subsistence during this period is largely equivocal or lacking. There is 

no indication that seeds were relied on in any major way. If humans were primary 

agents of megafauna! extinction, large mammals may have been present when central 

Australia was first colonised and their decline closer to the margins of the continent 

may have played a role in enticing colonising groups. Aquatic resources such as fish 

may have been more widely available along the rivers and now dry playas to the 
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south .. However, occupation of Kulpi Mara indicates that early occupation was not 

confined to the river's edge and was probably based on a more generalised hwtting 

and gathering economy. 

The first truly arid conditions met by the Pleistocene occupants may have been 

delayed wttil after 25 ka years BP. Harrison (1993:215) maintains that the number of 

Australian lakes with high shorelines peaked around 26ka years BP, but by c. 20 ka 

years BP conditions were probably drier than the present. The clustering of 

radiocarbon estimates at Kulpi Mara arowtd c. 24 ka years BP falls toward the end of 

this period, and is followed by a long interval with no dates until c. 13 ka years BP, 

suggesting the site was largely if not completely abandoned during the glacial 

maxunum. 

The lack of permanent water at Kulpi Mara would have made the site difficult to 

access during the glacial maximum. The rockholes in the Levi Range, which have a 

relatively large capacity and small catchment, rely on good rains to fill. Claypans and 

small rocky depressions may have held water for short periods following rain. 

However, given the time required for plant foods to regenerate, it is doubtful there 

would have been any advantage in utilising these short-lived water sources in the 

period immediately after rain. 

The permanent spring waters in the gorges ofllara and Walker Creeks were the only 

sources in this part of the Palmer River catchment likely to have held water 

throughout the glacial maximum. There are no indications on present evidence that 

these sites became a permanent refuge. Despite the possibility of abundant water at 

llarari spring, where water continues to flow downstream from the gorge in current 

drought periods, excavations of two rockshelters have failed to produce evidence of 

occupation earlier than the mid-late Holocene. 

Alternative explanations for the lack of Pleistocene occupation at Ilarari are: 1) small 

size of excavated deposit; 2) poor preservation and visibility; 3) differences in local 

site patterning; or 4) occupation sparse or absent. 

Of these, the first three possibilities can be largely discounted on the basis of 
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similarities in the form and position in the landscape of Kulpi Mara and Ilarari 19 

Rockshelters. Both sites have similar deposits held in place by rock fall with mid

Holocene age estimates at roughly equivalent depths. Yet while Kulpi Mara has 

around half a metre of sediment beneath the mid-Holocene level, Ilarari 19 has a 

similar depth of sterile deposit. The local setting at both sites is over a kilometre 

from the water source mostly likely to served as the focus for occupation, so neither 

could be considered core sites in their local settings. 

The environmental context of Kulpi Mara suggests that factors conditioning the 

location of Pleistocene deposits are not dependent on local water permanency. 

However, a range of factors may contribute to any single site showing evidence of 

occupation at a· given time. Controlling these factors in small samples of sites is 

difficult. Certain factors peculiar to individual sites - aspect, landscape position, 

elevation, shelter morphology - may render them suitable (or unsuitable) for 

occupation, preservation of stratified archaeological materials and their subsequent 

recovery. 

Evidence from other sources strongly points to differences in the overall magnitude 

of occupation of Ilarari and Kulpi Mara. The survey data described in the earlier 

chapters revealed consistent differences across a range of indices - artefact density, 

number of components, and site surface area. Although these indices appear to 

primarily represent recent occupation, the data reflect a settlement pattern that 

optimised the use of sites away from permanent water, a strategy which may have 

persisted, though possibly in different forms, from the earliest occupation to the 

period of European settlement. 

The resumption of occupation at Kulpi Mara .around 13 ka years BP again provides 

evidence of a brief phase of occupation followed by a long period of absence. This is 

towards the end of the period (16 to 12 ka years BP) when Australian inland lakes 

began to refill periodically at the end of the last glacial period, marking a return to 

less arid conditions. 

At this stage it is only possible to speculate on the reasons for lack of evidence for 

occupation in the catchment between c. 12 to 4 ka years BP. Climatic evidence for 
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this period is complex, although a key factor may be the lack of penetration of the 

tropical low pressure systems which bring the most useful falls. Both overall rainfall 

and the influence of the tropical lows are not likely to have peaked until c. 6 ka years 

BP, when the northern coastline reached present levels. Climatic conditions appear to 

have again become cooler and drier around 5,000 years BP, in which case it is not 

until at least a milleniwn after the shift in climate that occupation was registered 

throughout the catchment. 

The period from 3,500 to 2,000 years BP saw the establishment of occupation (or, in 

the case of Kulpi Mara, re-establishment) in a number of sites in different settings 

across the catchment under generally drier climatic conditions. The archaeological 

record from this period also provides the first consistent evidence of qualitative 

change in retouched stone artefact assemblages. The settlement pattern at this time, 

as indicated by the radiocarbon date distribution, became more widespread both 

across the landscape and through the catchment as a whole. Kulpi Mara and Irtikiri 

provide evidence for expansion of settlement pattern along the escarpment of the 

Levi Range with its network of temporary rockholes, while occupation of the two 

shelters at Ilarari suggest an increase in the use of the landscape around permanent 

water. 

Although the distribution of occupation between 3.5 and 2 ka years BP was far more 

widespread than that which preceded it, there are two deposits with little or no 

evidence for occupation at this time - Kulpi Mara Open Site and Amngu. The earliest 

occupation at Kulpi Mara Open Site is complicated by the lack of radiocarbon dates 

and its open context, which is more likely to be subject to lateral shifts in activity 

location within the site area. On the other hand, Arnngu, with a basal radiocarbon 

date overlying bedrock, provides strong negative evidence for occupation prior to c. 

1,500 BP. Amngu is the only excavated rockshelter on the floodplain/floodout 

section of the catchment, the remaining sites are all within ranges, nearer the 

headwaters of the catchment. 

In the period following, from 2 ka years BP to 500 BP, the date distribution is 

reversed, with first occupation at Amngu (1,310 CAL years BP) coinciding with a 

lack of firmly-dated occupation elsewhere in the catchment. This period is also the 
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beginning of a series of late Holocene flood events in central Australia, dated in the 

Ross River catchment from around 1,500 years BP (Patton et al. 1993:211) and 850, 

700 and 450 years BP in the Finke River catchment (Pickup and Allen 1988: 199). 

In the last 600 years, occupation again became widely distributed through the Palmer 

River catchment. There is some evidence for increases in the relative magnitude of 

occupation at Kulpi Mara Open Site and Irtikiri in the last 600 years, sites which are 

in relatively focal positions within their local settings. There are no dates falling 

within this period from Ilarari 17 and 19, or Kulpi Mara Rockshelters, although this 

to some degree may reflect a lack of samples submitted from the very upper levels of 

these sites. 

During the last c. 500 years, the combined sample from the excavated deposits 

reveals further changes in stone artefact assemblages. There is evidence for a decline 

in the discard of backed artefacts during this period. Although difficult to date 

accurately, grindstones occur in only the uppermost levels of all sites from which 

they were recovered. In lrtikiri and Kulpi Mara Open Site, all of the grindstones are 

above age estimates of 500 years or less. These results suggest that seed-griding, if 

practised during earlier periods, was less intensive than recent seed use in the region. 

Surface 

Based on the analysis in Chapters 5 to 7, the evidence for the patterning of settlement 

organisation in the Palmer River catchment can be summarised as follows. 

Artefacts are present throughout much of the catchment area although their density 

varies. The landscapes of highest density were located along the flanks of ranges and 

floodplains. Sandplain habitats also appear to have been an attraction for land use, 

although proximity to slopes of ranges and plateau was a major factor influencing the 

use of more gentle terrain. 

As well as having high overall densities, the flanks of ranges and floodplains were 

the setting for a large proportion of artefact scatter sites. The sample of artefact 

scatters formed two distinct groups. 
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The first and most conspicuous were very large artefact scatters associated with other 

types of archaeological material. The largest of these - Kulpi Mara and lrtikiri - were 

also the richest sites in terms of number of components and artefacts. Both sites 

contained very rich associations of flaked stone artefacts and assemblages of rock art 

which consisted mostly of stencils. Stone artefacts and stencils were also found 

together in and near rockshelters at Ilarari and Amngu, but in smaller quantities. 

The temporal association between the materials at large multi-component sites is 

complex and it cannot be assumed that the diverse activities represented in the 

surface evidence were carried out during the same occupation events. Many of the 

rock art components have not been dated, however, most of the flaked stone artefacts, 

grindstones and hearths are exposed on the surface of deposits which appear to be 

less than 500 years BP. There are also solid grounds for inferring that the stencils fall 

within the same period. 

The second and more numerous group of sites were small and diffuse scatters 

consisting almost entirely of stone artefacts. These are inferred to represent more 

dispersed use of the local environment in the general vicinity of the larger artefact 

scatter sites. Smaller artefact scatters were found in parts of the landscape lacking a 

combination of features which were likely to have served as occupation foci. Larger 

sites at Kulpi Mara, Irtikiri and Ilarari were made attractive by an association of 

landform elements in close proximity. 

Although the smaller sites reflect different occupation histories from the larger 

artefact scatter/art sites, their distribution is best explained as having accumulated 

from relatively long-term use of the landscape with varying degrees of overlap in the 

placement of specific occupations. This, together with the apparently recent age of 

the landforms on which surface artefacts are found, can allow most surface scatters 

recorded in this study to be viewed as contemporaneous within a broad time frame of 

around 500 years. 

When viewed in the broader environmental context of the study areas, selected to 

highlight differences in water permanency, it was found that there was little overall 

difference in the density of artefacts in the landscape surrounding permanent and 
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non-permanent water. Water permanency is not a critical factor determining the level 

of land use as reflected in the surface density of artefacts. The key difference between 

landscapes with permanent water and those without appears to be in the location of 

the largest and richest sites, which in this study were all found near temporary 

waters. 

The location of the richest sites along the escarpment of the Levi Range suggests this 

portion of the catchment was a major focus for occupation during the period 

represented by the surface evidence. The south-facing escarpment was strategically 

positioned at the margin of the plateau and the lower footslopes of an adjacent valley 

which provided access to a diverse range of habitats. Given abundant rainfall, 

resources in this location could have been predicted with a high degree of certainty, 

which is likely to have seen ephemeral waters become foci for aggregation at this 

point in time. 

In Chapter 6, the role of the ephemeral waters as part of a strategy of reducing risk 

was considered. Gould (1977:169) postulates that risks associated with high temporal 

and spatial variation in rainfall could be reduced by maximising the use of ephemeral 

waters, leaving the most reliable for last. An implication of the strategy outlined by 

Gould is that a reduction in group size occurs while the settlement pattern is in its 

dispersal phase. Ephemeral waters are used opportunistically by small groups, 

scattered over a wide region. 

In the Palmer River catchment, the ephemeral waters themselves appear to have 

become foci for inter-group aggregation. As argued in Chapter 6, the use of 

ephemeral waters in this manner would have maximised exploitation of the 

temporarily abundant resources. The position of the Levi Range in relation to the 

catchment as whole is also likely to have been critical. Its location both near the 

margins of the catchment and the break between the ranges and lowlands to the south 

may have given it a strategic value in terms of territorial organisation. Thorley and 

Gunn ( 1996) have suggested that the abundant use of handstencils may relate to 

territorial aspects of the use of sites in the Levi Range. Regardless of the validity of 

these interpretations, in terms of its abundance and diversity, the Levi Range 

escarpment is exceptional among the landscapes of the Palmer River catchment. 
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9. 7 Synthesis 

Temporal framework 

The evidence presented and analysed in this chapter reveals that varying degrees of 

resolution are represented in the surface and subsurface materials. The environmental 

variables affecting settlement patterns also operate at different scales. Although it 

may be possible to discern temporally discrete events in individual sites or layers, to 

develop a model spanning the period of occupation requires a common temporal 

framework. 

On the basis of the evidence reviewed above, a model spanning the period of human 

occupation can be divided into six phases as follows: 

1) Early Glacial Phase (30- 22 ka years BP) 

2) Glacial Arid Phase (22 - 13 ka years BP) 

3) Terminal Pleistocene to Middle Holocene Phase (13- 3.5 ka years BP) 

4) Middle to Late Holocene Phase (3.5- 2 ka years BP) 

5) Late Holocene Phase 1 (2 ka - 500 years BP) 

6) Late Holocene Phase 2 (500- 100 years BP) 

The time scale of the framework becomes progressively finer through time, reflecting 

the better resolution of the data available for the mid-late Holocene. The overall scale 

of the framework is too broad for the analysis of settlement patterns as discrete 

occupation events and is geared more toward the analysis of settlement patterns as 

superimposed distributions. This is in keeping with Binford's (1982:6) notion that 

'the processes which cause site patterning are long-term repetitive patterns in the 

"positioning" of adaptive systems in geographic space'. Despite this emphasis on the 

broad-scale changes, finer-grained data can be incorporated within the analysis of 

each phase where possible. 

The surface data provide evidence which is relevant to the most recent phase of 

occupation. While this means that for most of human prehistory the interpretation of 

change relies on the dated subsurface materials, it opens the possibility for more 

311 



secure interpretations of late Holocene (Phase 2) settlement patterns than would 

otherwise be possible. 

Accountin~ for chan~e 

The pattern which emerged from the excavated sites, though less detailed for earlier 

periods, provides sufficient evidence to reveal changes in settlement patterns through 

time. These observations, along with evidence for long-term climate change, mean 

that it is not possible to assume that organisational features of the settlement system 

in the Palmer River catchment have remained in place throughout the period of 

human occupation. This opens up the possibility for examining changes within an 

adaptive framework. 

The survey and excavation provided a number of exceptions and unanticipated 

results. These findings, while not conforming to predictions, provide an opportunity 

for the development and refinement of theory which is not tied to expectations. For 

example, the discovery of the largest and richest sites away from permanent water 

ran contrary to predictions when this research began and in many ways made the 

writing of this thesis more difficult. Similarly, the recovery of a single site of 

Pleistocene age and its location near ephemeral water were also unanticipated. 

Nevertheless, the use of a landscape methodology of systematically and 

comprehensively sampling different parts of the catchment brought to light data 

which could not be predicted on the basis of previous research and now must be 

explained. 

These findings offer an important interpretative challenge. The challenge is to 

construct an adaptive model for human occupation of an arid environment which 

incorporates the use of ephemeral waters as a major focus. As indicated by the 

literature reviewed in Chapter 2 of this thesis, water availability is widely held to be a 

(if not the) critical determinant of site location in the arid zone. To the extent that 

such models have stressed water permanency they have emphasised aridity at the 

expense of variability. If true, the existing interpretations accounting for changes in 

long term settlement pattern may be to a degree questionable. 
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ExPlanatory model 

The evidence from the Palmer River catchment can be analysed to determine the 

extent to which a general theory of adaptation can be used to account for changes in 

settlement pattern through time. Arid environments provide climatic conditions under 

which selection mechanisms might be expected to operate. Overall, however, the 

archaeological record from the Palmer River catchment appears largely to reflect the 

influence of relatively favourable climatic conditions. 

In summary, occupation at Kulpi Mara during the early glacial and terminal 

Pleistocene to mid-Holocene phases conforms to the periods of high rainfall and 

climate amelioration. In the late Holocene phases, evidence for wider use of the 

temporary waters in the Levi Range and on the lower floodplain coincides with the 

timing of a series of large flood events. The only phase in which changes in the 

archaeological record of the Palmer River catchment do not appear to be directly 

associated with climate change, and during which conditions were relatively arid, is 

the mid-late Holocene Phase. 

Although the findings are not well accounted for by a model of arid adaptive 

strategies, a general theory of adaptation can be proposed to account for the evidence. 

The theoretical perspective adopted here incorporates a territorial model (Dyson

Hudson and Smith 1978) with a general theory of'risk' (Yellen 1986, Jochim 1991). 

This perspective can be summarised briefly as follows. Situations where resources 

are dense and unpredictable are made useful through high mobility, information 

sharing and flexible territorial arrangements (Dyson-Hudson and Smith 1978, Myers 

1986:155). 

In the section which follows, the theoretical basis of the model is outlined and 

applied to the archaeological record from the Palmer River catchment. The following 

chapter extends the model by examining the archaeological record of the Palmer 

River catchment in the context of the wider arid zone. 

Theoretical basis of the model 

As a general rule, human groups can be expected to organise their settlement patterns 
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in such a way as to ensure access to the most reliable (least mobile) resources 

(Jochim 1976). In environments with a high degree of risk, strategies are required to 

ensure subsistence requirements will be met. Foraging strategies can assist in 

reducing risk by utilising a wide variety of resources or by using those resources 

which are most abundant and reliable (Jochim 1976:35, Yellen 1986:734). The use of 

resource conservation - storage, restrictions on foraging in refuge areas, use of 

permanent waters as 'reserves' - provide greater certainty that resources will 

regenerate and food will be available on return visits. Conservation strategies have 

been reported ethnographically in central Australia (Kimber 1984:18-20, Latz 

1995:22-27, Strehlow 1970:96) and among other hunter-gatherers by Hayden 

(1981 :349-353). 

A general model relating hunter-gatherer mobility and territorial organisation to 

resource predicability is that of Dyson-Hudson and Smith (1978). The model 

proposes that the efficiency of any strategy of territorial organisation can be assessed 

in terms of the economic cost and benefits which it provides. Predictable resources 

are more easily defended, while the costs of defending risky or unpredictable ones 

may outweigh the benefits. In the case of the latter, more efficient exploitation occurs 

through flexible territorial organisation. By combining resource predicability with 

density, territorial behaviour and mobility can be predicted for a variety of resource 

configurations (Table 9.1). 

Table 9.1 Relationship between resource distribution and exploitation strategy (after 
Dyson-Hudson and Smith 1978:26). 

Resource Economic Resource Degree of 
Distribution Defendability Utilisation Nomadism 

Unpredictable and Low Information- High 
dense sharing 

Unpredictable and Low Dispersion Very High 
scarce 

Predictable and High Territoriality Low 
dense 

Predictable and Fairly low Home ranges Low-medium 
scarce 
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The model posits highest mobility when resources are unpredictable. Low mobility is 

expected in situations where resources are dense, only if they are also predictable. 

When high density is combined with unpredictability, foragers stand to gain more by 

pooling information and exchanging resources rather than defending or aggrandising 

them. Hayden (1981:375) observes that: 

News of renewed or shifting resources can travel swiftly among 
the bands composing a hunter-gatherer population. Mobility of 
individuals and groups is therefore doubly functional, serving to 
transmit information and to enhance exploitation. 

Jochim's (1976:24) observation reveals a similar view of the relationship between 

aggregation and exploitation. 

Population aggregation is permitted at low cost by spatially 
concentrated, high yield resources, and thus is affected by unit 
yield (weight and nonfood yield), the potential number of units 
per capture (aggregation size) and the potential distance 
necessary to travel per capture (mobility). 

Social strategies have often been viewed as a risk avoidance mechanisms among 

ethnographic hunter-gatherers. The maintenance of extended ties between relatives 

ensured access to more favourable watersin times of drought (Strehlow 1965, Gould 

1980). Tonkinson (1991:40) described these social imperatives as 'lifelines of 

survival' for Martutjarra Aborigines in the Western Australian deserts. Greater social 

co-operation also provided advantages in foraging. Co-operative hunting, resource 

pooling and food exchanges provided a means of redistributing temporary abundance 

among regional populations which could not effectively be consumed by a single 

group (Hayden 1981:371). 

$plyin~ the model in the Palmer River catcbment 

As noted above, the early phases of settlement appear to coincide with a relative 

abundance of rainfall. It is difficult from climatic evidence to reconstruct the year to 

year distribution of rainfall events to evaluate risk. The process of colonising new 

environments would have imposed a degree of risk and non-arid conditions may also 

provide a degree of uncertainty for which adjustments were required (Hiscock 

1994a:267, Torrence 1989:59). 
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Nonetheless, the climatic evidence for the early glacial phase (30-22 ka years BP) 

suggests conditions were not sufficiently arid or unpredictable to pose a difficulty for 

settlement. During this period the most pressing concern for hunter-gatherers would 

be the predictability of food, rather than water, which may have led them to organise 

their settlement patterns along the southern edge of the ranges, which provided the 

widest range of foraging alternatives. 

Alternatively, the two early phases of occupation (early glacial and terminal 

Pleistocene) may represent a period of transitory use during the Pleistocene by 

groups in a high mobility settlement pattern. Occupation of Kulpi Mara throughout 

the Pleistocene until the mid Holocene may indicate isolated occupation by groups 

based, for the most part, on the fringes of the arid zone, opportunistically exploiting 

more favourable conditions in the centre. For a high mobility pattern of settlement, 

the narrow zone of transition along the edge of the ranges would have offered a 

relatively rich corridor for movement between catchments. It is difficult to establish 

settlement patterns on the basis of one site, though the higher proportion of fine

grained materials used in stone artefact manufacture suggest that the early occupants 

of Kulpi Mara were utilising a wider area than during later phases of use of the site. 

Regardless of which of these strategies (if any) were used, lack of evidence for 

occupation throughout the glacial arid phase (22-13 ka years BP) suggests that early 

settlement patterns were not effective in coping with extreme and/or prolonged 

aridity. From the onset of glacial aridity to the mid Holocene, conditions were 

generally arid and the centre was more isolated from the coast, thus less likely to 

receive heavy falls from tropical low pressure systems and troughs. Under the 

Dyson-Hudson and Smith (1978) model, climatic conditions at this time can be 

characterised as relatively predictable and scarce. Their model suggests that such 

conditions would be best exploited by a home-range system of resource utilisation 

(Table 9.1), yet lack of evidence for occupation suggests that strategies for coping 

with prolonged dry conditions were absent or underdeveloped until the mid

Holocene. 

The mid-late Holocene phase (3.5 to 2 ka years BP), saw a number of changes take 

place in the Palmer River catchment. These included the establishment of settlement 
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across. the catchment and the emergence of multi-purpose and stylistically distinctive 

tools in the form of backed artefacts. The use of a combination of ephemeral and 

permanent waters reflects the first clear evidence for adaptation to the risks imposed 

by extremes in climate. This represents the setting in train of a pattern which persists, 

albeit with different twists, throughout the mid-late Holocene, where there is 

evidence of increasing use of ephemeral waters in the Levi Range and the lower 

floodplain away from the gorge environment. 

The following phase (2 ka - 500 years BP) coincides with the approximate dates for a 

series of late Holocene palaeofloods. Extreme precipitation events transformed the 

landscape and, in the process, imposed risks of their own regardless of the wider 

availability of water in the landscape (see for example Latz 1995:25). For example, 

game may have been more dispersed and hence difficult to capture (O'Connell 

1977 :269). Equally so, the increase in high stream flows through the catchment 

would have made fish a temporarily abundant resource in the lower catchment which, 

as discussed in Chapter 6, may have served as an attraction for relatively large groups 

of people. 

The late Holocene Phase 1 also sees for the first time the occupation of Arrngu 

Rockshelter on the edge of the lower floodplain. The evidence for occupation of 

Arnngu contrasts the lack of evidence elsewhere in the catchment, suggesting that 

changes in settlement patterns are likely to have occurred to accommodate the 

shifting distribution of resources in the catchment. The river itself may have become 

a territorial boundary at this time. 

In the final late Holocene Phase 2 (500 -100 years BP), evidence of resource stress is 

reflected in the first evidence for the use of grindstones. The large artefact scatter/art 

sites, Kulpi Mara and lrtikiri, both show evidence of increased occupation during this 

period. Changes are also evident in the production of backed artefacts, which appear 

to decline in the most recent occupation phase in several sites, signalling a change in 

their role and capacity for incorporation in new systems of production emerging in 

the late Holocene. 

During this period, the production of hand and object stencils was a major activity in 

317 



rockshelters. Thorley and Gunn (1996) have argued that stencilling was a form of 

conspicuous consumption where the walls of shelters were literally covered in a short 

time. Such a bold and extravagant use of resources (ochre and water) supports the 

interpretation of stencilling as an expression of territoriality. 

The distribution of sites in the radiocarbon date sample during the late Holocene 

Phase 2 (500- 100 years BP) suggests that occupation in the catchment was focussed 

around the break of the ranges and the lowlands to the south rather than in the core of 

the ranges near the gorges at Ilarari. In terms of risk, this is the direction which a 

regional population would, over time, seek to obtain in relation to resources. There is 

greater ecological advantage in maintaining flexible territorial arrangements than 

defending core territories around permanent water, which alone could not alone have 

sustained a regional population. 

In summary, it is possible to see a close relationship developing between settlement 

patterns, resource use and territorial organisation from the mid Holocene. Changes in 

the landscape, most notably through the formation of large floodplains, created new 

subsistence opportunities for which adjustments in settlement were required. The 

resumption of a stronger monsoon influence precipitated localised resource 

abundance and the development of strategies to rapidly redistribute surplus. As 

populations became established, constraints on sedentism - conflict, avoidance 

behaviour, social confmement - are likely to have become more pronounced while 

the maintenance of kinship ties, gift exchange of goods and the pursuit of ritual 

activities - became embedded in an overall economic strategy to provide security 

against the risky environment. With their unpredictability and occasional high 

density, the fluctuating environments of the mid-late Holocene provided powerful 

social imperatives toward the use of ephemeral waters. 
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CHAPTER 10 

IMPLICATIONS OF CHANGES IN SEITLEMENT IN THE PALMER RIVER 
CATCHMENT FOR THE INTERPRETATION OF ARID ZONE PREHISTORY 

10.1 Introduction 

This chapter examines the implications of the findings of the present research in the 

Palmer River catchment for previous reconstructions of settlement in central 

Australia and in the wider arid zone. The implications of the research are organised 

as follows. 

Firstly, the findings of previous studies in central Australia are reanalysed and 

combined with the results of the present study to determine the ways in which their 

collective findings are consistent or at odds with models of prehistoric settlement 

patterns which have been proposed for that region. Secondly, the implications of the 

reanalysis are examined in the context of wider general theories which have been 

proposed to account for settlement patterns in the Australian arid zone. 

The first part of this chapter revisits the evidence from the two central Australian 

sites- Puritjarra and Intirtewekerle (James Ranges East)- which have figured most 

prominently in previous regional interpretations. This is followed by a reanalysis of 

the data from the Hugh River catchment which provides the largest sample of 

excavated sites for any catchment in central Australia outside the research described 

in the present thesis. The presentation of the data and the discussion of its 

implications are organised into the same six chronological phases outlined in the 

previous chapter. 

10.2 Puritjarra Rockshelter from the Late Pleistocene to mid Holocene 

The Pleistocene occupation evidence for Kulpi Mara prompts a closer look at 

Puritjarra Rockshelter, the only other central Australian site with a late Pleistocene 

sequence (Smith 1989, Thorley 1998). Puritjarra is located in the Cleland Hills, an 

outlying middle Palaeozoic sandstone range with a single permanent water source 

(Figure 10.1 ). 
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The location of central Australian Pleistocene rockshelters in their wider regional contexts. 
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Early Glacial Phase 

Extensive radiocarbon and luminescence dating of Puritjarra has recently produced 

similar basal dates to Kulpi Mara of around 30,000 uncalibrated years BP (Smith et 

al. 1997). This evidence, combined with the palaeoclimatic data in the previous 

chapter, supports the view that first occupation of central Australia took place at a 

time when water was widely available in the landscape. 

Further inferences can be drawn regarding the nature of settlement from the location 

of the two Pleistocene rockshelters in their local and regional contexts. Kulpi Mara 

was more centrally located in relation to the larger Finke River drainage system. 

Although Puritjarra lies outside the core of . the central Australian ranges, the 

hinterland of the ranges would have also been relatively well-watered at this time. 

The drainage of the Finke River may have been linked at this time to the Amadeus 

playa by Karinga Creek. Puritjarra would have been well positioned near the 

headwaters of the extended drainage system. 

The location of Puritjarra rests comfortably with the interpretation, proposed in the 

previous chapter, that early occupation of central Australia was focussed on the 

ecotone of the ranges and sandplains. Puritjarra is located on the northern flank of an 

outlying range while Kulpi Mara lies near the break in the ranges and the lowlands to 

the south. However, the absence of sites elsewhere may be simply a reflection of the 

depositional histories of the landforms on which early occupation was located and 

the relatively small number of excavations carried out in other parts of the central 

Australian ranges. 

Poor preservation and visibility is likely to account for the absence of open sites. Any 

evidence of Pleistocene occupation on floodplains and sandsheets is likely to have 

been deeply buried by sediments or removed by erosion. Of the rockshelters 

excavated so far, Pleistocene sites account for less than 10% of the total number of 

excavated sites in central Australia, which raises the possibility that absence of 

evidence may be a factor of limited sampling. Most of the current sample of 

excavated sites appear to be concentrated near the dissected margins of ranges. For 

this reason, any inferences based on the absence of sites of late Pleistocene age 

elsewhere in central Australia must be regarded as speculative. 
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Glacial Arid Period 

Having colonised the centre under favourable conditions, the last glacial maximum 

provided the first crucial test of human adjustment to a truly arid environment. With 

low sea-levels, expansion of the continental land mass and weakening of the northern 

monsoon, environmental conditions in the interior during the glacial maximum were 

qualitatively different both from the early glacial period and the present-day climate. 

The very low deposition of sediment and artefacts at Kulpi Mara between 24 ka and 

13 ka years BP supports the contention that occupation was very slight or absent 

during this period. 

The data from Kulpi Mara raise questions about Smith's (1988) proposed scenario 

for Puritjarra. Based on the Puritjarra evidence, a model is constructed to show how 

Puritjarra was connected to a chain of permanent waters linking the site with the Gill 

Range, part of the same system of sandstone ranges which feed the Palmer River. 

These waters are argued to have sustained a small, highly mobile human population 

under conditions of intense aridity. This model is not well supported by the evidence 

from Kulpi Mara. 

In contrast to Kulpi Mara, where the local water supply is ephemeral, Smith's 

interpretation of site usage at Puritjarra during the glacial maximum stresses its 

proximity to a permanent water within 2-3km of the site. Smith (1989: 1 02) states: 

In this section [of the Cleland Hills] there is a large rockhole 
which is the only permanent water in a block of country 
covering approximately 8,000 km2

• Puritjarra Rockshelter is 
located nearby. 

Hence, in terms of its distance to a single permanent water, it is possible that 

Puritjarra was more favourably positioned during the glacial maximum than Kulpi 

Mara, where the closest reliable water source would have been 20km away at Ilarari. 

Nonetheless, in its regional setting Kulpi Mara is part of a major drainage catchment 

which provides access to the permanently-watered gorges of the Finke and Palmer 

Rivers. 

Leaving the question of water availability aside, the argument for continuous 
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occupation rests on the assumption that the productivity of the landscape accessible 

under full glacial conditions was sufficient to sustain a human population. Support 

for this assumption is lacking or uncertain. Carrying capacity, as Hunn (1982:20) 

observes, '... is not an environmental constant but a function of particular resource 

exploitation strategies'. Doubts remain as to whether Pleistocene hunter-gatherers 

would have been equipped with the necessary subsistence techniques to make use of 

the limited resources available during the glacial maximum. 

Despite the suggestion that the origins of seed-grinding in arid Australia date back to 

the Pleistocene (Gorecki et al. 1997, Fullager and Field 1997), there is no evidence 

that seeds were relied on in any major way to offset shortages in other resources 

during the Pleistocene. In Kulpi Mara, grinding· implements, though limited in 

number, are confined to the very uppennost levels of the deposit, above the age 

estimate of 2,500±60 years BP and in other sites, to levels dating from the mid

Holocene (Smith 1988 and data presented in Chapter 8 and 9 of this thesis). The 

evidence in this thesis suggests that the processing of seeds, if practised at all during 

earlier periods, was far less intensive than in the late Holocene Phase 2 (500 years to 

present). 

Other aspects of Pleistocene subsistence in central Australia remain uncertain. Poor 

preservation of organic materials in the early levels of both sites provides few 

insights into the exploitation of fauna. Although it has been suggested that humans 

and megafauna coexisted throughout this period, current evidence Australia-wide 

points to an early extinction by human predation (Flannery 1990, O'Connell and 

Allen 1995:856, White and Flannery 1995:16, van Huet et al. 1998). As a 

consequence, the ability of the environment to support human populations under full 

arid conditions of the late Pleistocene remains doubtful. 

As well as these uncertainties, there is little empirical support for the claim for 

continuity of occupation at Puri~arra throughout the glacial maximum. As a site near 

pennanent water, Puritjarra would be expected to show indications of more intensive 

occupation around the time ephemerally-watered sites such as Kulpi Mara ceased to 

be occupied. This would be consistent with a model of populations falling back on 
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more reliable 'refuge' sites. Yet like Kulpi Mara, Puriijarra also shows a slowing of 

sediment and artefact deposition rates during the glacial maximum. 

The accumulation of sediment at Puritjarra appears to have been at its lowest during 

the late Pleistocene levels. In layer 2, samples ranging in age from 13,410±640 

(ANU-7601) to 32,400±500 (OZA-731) were obtained from a depth of 73-85cm 

below the surface (Smith et al. 1997 :300). There are several reversals in the sequence 

from layer 2, most notably a radiocarbon determination (ANU-6540) of 17,460±480 

years BP from 75cm below the surface (Smith 1989:97) with an age estimate of 

21,950±270 years BP (Beta-19901) from a depth of 66-77cm (Smith 1988:108), 

suggesting that resolution for the glacial maximum is lacking. There is evidence of a 

corresponding decline in the number of artefacts per spit between depths of 65-75 em 

(Smith 1989:98). 

With deposition slow or discontinuous throughout the glacial arid phase and the 

terminal Pleistocene to mid Holocene phase, chronological resolution is much 

reduced. The possibility of vertical artefact migration at Puritjarra and its 

implications for interpreting continuity of occupation have been raised by Hiscock 

(1988a:262). Even if the intactness of the deposits can be demonstrated, the low 

chronological resolution would make it extremely difficult to identify a break in 

occupation at Puritjarra during the last glacial maximum. 

Although current evidence suggests otherwise, the possibility that a small and 

isolated population may have survived at Puritjarra during the glacial maximum 

cannot be ruled out completely. The evidence for the entire late Pleistocene is 

currently limited to two sites with distinctive deposits. Thus further research is 

required to test effectively the notion that the central arid zone was completely 

abandoned during the last glacial arid period. Specifically, further examination is 

required to determine whether the trend toward very low cultural discard between 24 

and 13 ka years BP reflects complete abandonment, continuous use by a small 

population throughout this period or very isolated episodes of occupation. 

Teoninal Pleistocene to mid-Holocene 

Like Kulpi Mara, the density of flaked stone artefacts at Puritjarra Rockshelter shows 
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indications of a peak in artefact discard at around 12,000 years BP. Sediment 

deposition rates, however, appear to remain low until around 6,000 years BP, placing 

limits on the precision with which it is possible to interpret changes in occupation 

during this period. On the basis of number of artefacts per volume of sediment, Smith 

(1996:67) argues that the use of Puritjarra 'increased substantially' from as early as 

6,000 years BP, at a time of 'optimal conditions for human settlement in the arid 

zone'. 

An increase in discard around 13 ka is reflected in the dates and discard curves from 

Kulpi Mara, although at present there is no evidence for a further increase around 6 

ka. Dates between 12 ka and 4 ka are absent from all of the excavated deposits in the 

Palmer River catchment, where occupation appears to be at most sparse for the early 

to mid Holocene. Hence, the interpretation that changes in the use of Puritjarra 

during this period reflect the influence of wetter conditions is not supported by the 

evidence from the Palmer River catchment. It is demonstrated further below that a 

similar trend is absent from other sites in the central Australian ranges and their 

hinterland. 

10.3 Holocene occupation oflntirtekwerle (James Range East) 

The James Range East site has been the focus of two separate excavation projects. 

Gould (1978) carried out a large excavation spanning the rockshelter/valley floor 

deposit, as part of his broader research comparing Central and Western Desert 

regions (reviewed in Chapter 2). Three trenches were excavated, each between two 

and three yards in length (imperial scale). Analysis of the stone artefact assemblage 

was carried out by Saggers (1982, 1985) and the fauna by Webster (1982). Trench 1 

was extended a further 3m2 by Smith (1986b ). Given the considerable interest in this 

site, and its role in the interpretation of regional change, a closer critical review of the 

evidence is warranted. 

Intirtekwerle is a relatively small, shallow Pzm rockshelter with most of its excavated 

deposit on the valley floor outside the overhang. Gould's Trench 1 provides a cross 

section through the valley floor from the rear of the shelter. Gould (1978) treated this 

as a single stratigraphic sequence, although all of the radiocarbon determinations 

from this trench were taken from beneath the overhang. This interpretation is critical 

325 



to the . way changes in the Intirtekwerle assemblage have been depicted by Gould 

(1978) and Smith (1986b ). In a reanalysis of the site, Smith (1986b, 1988) questioned 

Gould's chronology, but accepted his stratigraphic interpretation of the deposit as a 

uniform sequence spanning the valley floor. 

Terminal Pleistocene to mid-Holocene 

Gould (1978) divided the depositional sequence into two broad layers- James Range 

I and James Range II - separated by a zone of rockfall. A date of 4,640±260 BP (1-

7599) from under the overhang in the rockshelter was taken as the age of the base of 

the uppermost of these two layers (James Range II). Stone artefacts from the two 

layers were divided into an early and a late phase, reflecting the then-popular 

Australia-wide distinction between an industry of larger implements and 'core tools' 

and a later microlithic or 'small tool' industry (Gould 1978:121). 

Smith (1986b) obtained further radiocarbon dates for the valley floor deposit and 

used these to construct a depth/age curve for the deposit as a whole. On the basis of 

this analysis, Smith (1986b:128) argued that the date of 4,640±260 from the base of 

Gould's James Range II layer was anomalous and that most of this layer (which 

contained the highest density of artefacts) was younger than an age estimate of 

670±100 years BP (SUA-2247) which Smith (1986b:128) had obtained from the 

valley floor. 

Nonetheless, Gould's (1978) older date, which directly overlies bedrock, suggests 

that occupation of the rockshelter was first established in the mid-Holocene. As a 

single date taken from dispersed charcoal, however, there must be some doubts 

regarding the precision of the estimate. 

Middle to late Holocene 

Gould (1978) obtained a further series of dates from the upper layer (James Range 

II). One sample from near the dripline in Trench 2 returned an age of 2,495±85 (1-

760 1 ). This date was said to have come from deposit consisting of 'hearths, stone 

artefacts, and abundant faunal remains', consistent with the interpretation that 

occupation began to increase before 2,000 years BP (Gould 1978:85). The age of I-
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7601 also places occupation of Intirtewkerle at this time within the ·period in which 

most sites in the Palmer River catchment are first established. 

Late Holocene Phase 1 

From his excavation on the valley floor from the terminus of Gould's Trench 1, 

Smith (1986b) proposed a different interpretation of the upper layer (James Range 

II). On the basis of this work, Smith (1986b: Figure 3) argued that the major increase 

in stone artefact density at James Range East occurred 15cm above the date of 

670±1 00. However, the precise timing and magnitude of this increase is difficult to 

estimate. The discard curves show that the largest peak occurs in the uppermost unit 

which, as discussed in the previous chapter, opens the possibility that the increase in 

density may be related to sediment loss or lagging. 

There are also indications that slope wash outside the overhang may have removed 

the top of the valley floor sequence excavated by Smith (1986b). The section 

diagrams drawn by Gould (1978) indicate that the deposit slopes away from the 

shelter toward the valley floor, a fall of almost a metre. Gould's diagram also shows 

that a gully (referred to as an 'arroyo') cuts through the valley deposits corresponding 

with Smith's (1986b) Square Lll. One implication of this is that the uppermost 

levels of sediment dated to 200-300 years BP in Gould's (1978) excavation within 

the overhang may be missing from the valley floor deposit excavated by Smith 

(1986b). 

For these reasons, the precise timing and duration of an increase in discard at 

lntirtekwerle is difficult to measure from the available evidence. The other two key 

indicators of change in mid-late Holocene are the radiocarbon date sample and 

changes in stone artefact assemblages. The radiocarbon date sample from 

Intirtekwerle is discussed in the context of other sites from the Hugh River catchment 

below. While Gould's (1978) earlier interpretation of the artefact assemblage from 

James Range II layer emphasised continuity, subsequent work carried out with 

Sherry Saggers has revealed recent changes in the late Holocene. 

327 



Late Holocene Phase 2 

Working with Gould, Saggers undertook an analysis of artefacts from the uppermost 

levels of the deposit (Saggers 1982, Gould and Saggers 1985). The research carried 

out by Saggers (1982) was limited to the two upper strata of James Range II, which 

Gould (1978) labelled BX-CX and EX-FX. Charcoal samples from the deposit 

beneath the overhang provided dates of 195±80 BP (BX-CX) and 285±80 BP (EX

FX). From her analysis, Saggers (1982) found that a much higher proportion of adzes 

in the upper strata had been made from 'exotic' materials, almost twice the 

proportion of the lower. 

Combining these observations with similar findings at Puntutjarpa, Gould and 

Saggers (1985:132) concluded that: 

the relative increase in the use of exotic materials for adze
making [occurred] during the last 200 years of occupation ... this 
suggests that something happened in both the Central and 
Western Deserts during this time. 

Their evidence, therefore, appears to show a similar trend to that proposed for the 

Palmer River catchment, namely a recent and possibly contact-related change in site 

use in the last 500 years. However, at the time of their analysis there were no dates 

available for the valley floor section of Trench 1 (which appears to have comprised 

most of the assemblage), which cast doubt on the precise timing of the proposed 

changes. Despite Smith's (1986b) rejection of Gould's chronology, his interpretation 

that 'Intirtekwerle is most heavily used after about 300-400 yrs BP' (1988:246) 

accords well with Gould and Saggers' (1985) understanding of recent changes in 

stone artefact assemblages. 

The interpretations suggest a similar trend to Kulpi Mara Open site, Irtikiri and 

possibly Arnngu in the Palmer River catchment, which each show indications of a 

recent increases in artefact density in their uppermost levels. While these increases 

should be regarded cautiously for reasons discussed in the previous chapter, the 

inferred timing of the changes at Intirtekwerle postulated by Gould and Smith 

supports a distinction between a late Holocene Phase 1 (2 ka - 500 years BP) and 

Phase 2 (500- 100 years BP). The radiocarbon date sample from the Palmer River 
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also suggests an increase in the magnitude of occupation of sites near ephemeral 

waters from 500 years BP. 

While the results from Intirtekwerle (which is located near an ephemeral water 

source more than 20km from the Hugh River) appear generally consistent with these 

results, the inferences which can be drawn from any single site, regardless of the size 

of the excavation, are limited. In the wider Hugh River catchment, a number of 

smaller excavations was also carried out by Gould (1978) and Smith (1988) at sites at 

varying distances from the river corridor. In the section which follows, the data from 

the wider Hugh River catchment are analysed to determine whether the results from 

research in this thesis are reflected in the sample of excavated sites in a similar 

catchment setting. 

10.4 The mid de to late Holocene in the Hugh River catchment 

In total, Gould (1978, unpublished field notes) excavated three rockshelters in the 

Hugh River catchment east of the River. These were Intirtekwerle (James Range 

East), James Range Northwest and Kwerlpe (lkulpa). In addition, Smith (1988) 

excavated an open site at Urre (Rainbow Valley) on the north side of the range 3km 

from the Hugh River, and extended Gould's James Range East excavation, which he 

renamed Intirtekwerle. 

As a result of these collective excavation projects, the Hugh River provides a sample 

of dated archaeological sequences at varying distances from the river. James Range 

Northwest and Urre are less than Skm while Intirtekwerle and Kwerlpe are 20-30km 

from the Hugh River, which is likely to have provided the more permanent water 

sources. Further, the relatively close proximity of the sites, and their geological 

settings (dominated by the Pzm Hermannsburg and Mereenie Sandstone units) 

provides a sample of excavated sites comparable to that from the Palmer River 

catchment. 

While these aspects of the two samples enhances their comparability, the two 

catchments vary in other important respects. The Palmer River is the only river in the 

central Australian ranges with its headwaters in the James Range. The Hugh River 

rises in the high quartzite ridges of the MacDonnell Ranges, over 50km to the north. 
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Most of the permanent gorges and springs along its course are in the MacDonnell and 

Waterhouse Ranges, while the excavated sites themselves are all in or adjacent to the 

eastern James Range. Like the Palmer, the Hugh River holds water in long-lasting 

pools for six months or more after rain and beneath the surface for longer periods. In 

terms of their environmental setting and water permanency, sites near the Hugh River 

(Urre and James Range Northwest) are similar to the lower floodplain of the Palmer 

River, while sites in the ranges (Intirtekwerle and Kwerlpe) are similar in 

permanency to ephemeral rockholes in the Levi Range. 

The complete radiocarbon date sample from both the Palmer and the Hugh River 

catchments is shown in Figure 1 0.2. The sample for the Hugh River is strongly 

influenced by Intirtekwerle, which has nine of the total of 13 radiocarbon 

determinations from the Hugh River catchment. Only one other site has two dates 

(James Range NW) and the remainder have one each (Kwerlpe and Urre). The 

sample from Intirtekwerle has been split into two groups: 1) dates from the valley 

floor and 2) dates from the rockshelter. It can be seen that the two sets of dates show 

little overlap, which appears to reflect substantial differences in deposit formation, 

bioturbation and rates of deposition, as discussed above. These factors justify the 

need for caution in combining data from rockshelters and open sites into a single 

chronological sequence. 

Mid-late Holocene Phase 

The radiocarbon data from the Hugh catchment suggest sparse settlement between 

3.5 ka and 2 ka years BP, followed by a period of increased occupation in the last 

2,000 years BP. Dates for the late Holocene are more frequent and spread more 

evenly with no indication of a further increase in the magnitude of occupation during 

this period. 

The sites with evidence for occupation prior to 2,000 years BP - Intirtekwerle and 

K werlpe - are closest to the margins of the catchment and furthest from the most 

permanent waters. This appears to be a reversal of the patterning evident in the date 

sample for the Palmer River catchment between 3.5 ka and 2 ka years BP, where the 

most permanent water (Ilarari) has the largest number of dates for this period. 
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Figure 10.2 
Comparison of mid-late Holocene radiocarbon chronologies for the Palmer and Hugh 
River catchments. Dates are in uncalibrated years BP with one standard deviation 
error bars. The sample for lntirtekwerle R. is comprised of dates from Gould's (1978) 
Trenches 1 and 2, while lntirtekwerle 0. is the combined sample from Gould's 

Trench 3 and Smith's ( 1986b) Square L 11. 
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A possible explanation for the patterning is that lack of permanent water was a 

constraint on occupation of sites outside the permanent gorges of the Hugh River 

catchment during the mid to late Holocene Phase. Infrequent use of ephemeral waters 

such as Intirtekwerle and Kwerlpe is consistent with a 'home range' pattern of 

exploitation predicted by Dyson-Hudson and Smith (1978) when resources are 

predictable and scarce. Although the use of ephemeral waters near the boundaries of 

catchments may have been constrained by generally drier climatic conditions, the 

establishment of occupation at a number of sites near ephemeral waters in both 

catchments during the mid-late Holocene phase suggests that the organisation of 

settlement systems included strategies both for exploiting temporary surplus and 

avoiding drought. 

Further research is required to corroborate these changes in the Hugh River 

catchment. On present evidence, the absence of dated occupation earlier than 2,000 

years BP from Urre and James Range NW could be explained by the small date 

samples. While there appears to be support for the proposed changes during the mid

late Holocene in the Palmer River catchment, for this interpretation to be tested 

effectively against the data from the Hugh River catchment would require further 

dates from previously excavated sites and from sites near permanent waters in the 

upper catchment. 

Late Holocene Phase 1 

The late Holocene Phase 1 period in the Hugh River catchment provides a much 

larger sample of dates between 2 ka and 500 years BP than in earlier and later phases. 

The larger sample for this period provides a sounder basis for reconstructing 

organisation within the Hugh River catchment and helps to explain some of the gaps 

in the sample from the Palmer River catchment during this period. 

Smith (1986b:12) examined changes in artefact density per volume of sediment at 

sites in the Hugh River catchment as part of his investigation of broader changes in 

central Australia, focussing on what he termed 'the late Holocene occupation 

horizon'. Smith (1988:127-129) argued that substantial increases in the density of 

artefacts, charcoal and bone began to occur from around 1, 700 years BP. Smith 

(1988:246) proposes that this change took place at different times within the 
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catchment. The timing at James Range NW was inferred to be 1,045-1,700 years BP, 

at Urre between 980-1300 years BP and at lntirtekwerle at around 850 years BP. On 

the basis of these estimates, Smith (1988:247) proposed that wetter conditions after 

1500 years BP facilitated the establishment of permanent estates away from the Hugh 

River. 

While this presents an intriguing view, the use of artefact density as a measure of 

occupation intensity casts doubt on the proposed timing and magnitude of the 

changes. Inferences based on quantities of artefacts per volume of sediment are 

tenuous at lntirtekwerle because of differences between valley floor and shelter 

deposits as argued above, and at Urre, where calculation of the measure relies on a 

single radiocarbon date. Although an overall increase in artefact density is apparent 

in the Urre sequence, the data for individual spits show considerable variability 

through the deposit (1988:241, Table 7:14). Furthermore, Gould's unpublished field 

notes, on which Smith's interpretations of James Range NW are based, do not 

provide quantitative data for the density of artefacts per spit or layer at James Range 

NW, making it impossible to assess the timing and magnitude of the relative 

increase. 

The radiocarbon date sample shown in Figure 10.2 provides an alternative means for 

assessing changes in occupation across the catchment. The lack of overlap between 

the rockshelter and valley deposits provides grounds for caution in interpreting the 

sample from Intirtekwerle as do the small samples from the remaining sites. Bearing 

these problems in mind, it is possible to make some tentative conclusions from the 

date sample for the late Holocene Phase 1. 

The number of radiocarbon age estimates increases after 2,000 years BP. The spread 

of dates from this time is relatively even, with no indication of a further increase in 

the magnitude of occupation. There is also evidence for shifts in the main focus of 

occupation within the catchment between 2 ka and 500 years BP. This phase sees the 

first dated occupation at James Range NW and Urre, the two sites which are closer to 

the Hugh River. A break in the sample of age estimates at Intirtekwerle between 

1,200 and 800 years BP overlaps the first dated occupation at both Urre and James 

RangeNW. 
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With Intirtekwerle more than 20km from the floodplain and Urre and James Range 

NW both within Skm, this evidence appears to support a repositioning of settlement 

closer to the river during this period. The lack of overlap between the dates from the 

rockshelters and open sites may be a factor affecting the overall distribution of dates 

within the catchment during this period. It is possible to factor this into the analysis 

by separating the dates for the rockshelters (Intirtekwerle and James Range NW) and 

the open sites (Intirtekwerle and Urre ). A similar pattern emerges from the analysis 

of the two sets of data. 

This trend appears to be in the same direction as that suggested by the date sample 

from the Palmer River catchment. It was proposed on the basis of the sample from 

the Palmer River that changes during the late Holocene Phase 1 were the result of the 

late Holocene palaeofloods which transformed the landscape, creating new 

opportunities for foraging in the riverine zone. As in the case of Palmer River 

catchment, the nature of the change appears to represent a reorganisation of 

settlement in response to localised changes in the distribution of resources within 

catchments. 

Late Holocene Phase 2 

This phase of settlement (500-100 years) is represented in only one site -

lntirtekwerle - from the Hugh catchment. No other sites in the catchment have dated 

occupation after 900 years BP. It is also worth noting that the more recent dates for 

this period occur in the rockshelter deposits. This suggests a possible removal of 

upper levels of the valley floor, which may have obscured a recent increase in 

occupation during the last 300 years. 

In regard to the relative integrity of the valley floor and rockshelter deposits, it is 

useful to note Gould's (1978:106) observations that: 

.. . hearths were not preserved intact except inside rockshelters. 
The fact that such hearths do survive as features with 
recognisable shapes and outline supports the assumption that 
soils within the rockshelters are generally undisturbed. In the 
open portions of the site, however, there was sufficient erosion, 
as well as other kinds of disturbance to lead to the dispersal and 
blurring of hearths. 
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These observations reinforce the vtew that sequences from valley floor and 

rockshelter need to be considered separately, as unique deposits reflecting differences 

in deposit formation, bioturbation, and rates of deposition. 

Because of the lack of dated occupation elsewhere in the Hugh River catchment at 

this time, it is difficult to incorporate the data for the last 500 years of occupation 

within a model of shifting settlement location to the same extent possible in the 

Palmer River catchment. However, as argued above, the pattern at Intirtekwerle is 

generally consistent with a very recent increase in occupation at ephemeral rockholes 

near the margins of catchments. To the extent that absence of occupation elsewhere 

represents a real pattern and not simply the effects of sampling and poor preservation, 

the evidence suggests a reduction in use of the riverine zone in the late Holocene 

Phase 2. These data are consistent with the evidence from the Palmer River 

catchment, where the radiocarbon date sample and the distribution of surface 

materials suggest that the core of the catchment, including the lower flooplain and 

gorge environments, was less of a focus than ephemeral waters near the catchment 

margins during the last 500 years of occupation. 

10.5 Change in central Australian settlement systems 

Evidence from the catchments of the Palmer and Hugh Rivers suggests that the 

pattern of settlement in central Australia during the latter part of the Holocene is 

more complex than has previously been suggested. The combined evidence from the 

central Australian ranges is now synthesised to demonstrate that substantial 

population increase began to take place earlier than previously thought, from around 

3,500 years BP, and that subsequent changes can best be characterised as a series of 

shifts in settlement pattern rather than a further increase in population density. 

Late Holocene population increase 

Smith (1986b, 1988, 1996) has argued for a significant increase in population in 

central Australia during the late Holocene. The primary evidence Smith (1988) cites 

in supporting late Holocene population growth is an increase in the number of 

artefacts per volume of sediment. Smith (1996:68) states: 
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One of the most striking features of the central Australian 
sequence is evidence for a significant intensification in 
occupation of sites throughout the region about 1400-900 years 
ago, shown in greatly increased densities of chipped stone 
artefacts, grindstones, charcoal, bone and other types of 
occupation debris after this date. Archaeological deposits after 
this time often form a rich dark layer in the upper part of sites in 
the region. 

The reality of a uniform increase in artefact density during the late Holocene can be 

questioned on the basis of the results from the Palmer River catchment. There are 

two problems confronting Smith's interpretation. 

First, while many sites have rich organic upper horizons, sites in the Palmer River 

catchment do not conform to a uniform trend. As revealed from the data reviewed in 

Chapters 8 and 9, some sites show declining density from as early as 2,500 years BP 

while others show no clear trend. The 'late Holocene horizon' in central Australia is 

by no means a universal phenomenon. 

Second, the analysis of deposition rates in Chapter 9 cast doubt on the use of artefact 

density as a measure of artefact discard (and by chain of inference, regional 

population density). The measure is difficult to calculate reliably because of 

fluctuations in sediment deposition rates. As shown in Chapter 8, deposition rates 

vary considerably both within and between sites excavated in this study. In the 

uppermost levels of excavated deposits the calculation of density is often 

complicated by recent erosion. Removal of the uppermost layer of sediment results in 

a dense surface lag of artefacts common to open artefact scatters which gives an 

inflated measure of density. 

The radiocarbon date sample provides an alternative indicator of the magnitude of 

prehistoric occupation of central Australia over the last 30,000 years. The use of 

radiocarbon date frequency as a measure of occupation intensity is not without 

limitations. Problems associated with this method, outlined by Rick (1987), have 

been discussed in some detail in the previous chapter. These problems are primarily a 

factor of sample size, selection and preservation. Despite its limitations, the date 

method bypasses the problem of fluctuating deposition rates and provides a more 
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direct measme of occupation intensity which can be substantiated by further 

sampling. 

Figme 10.3 organises the radiocarbon evidence for occupation of the central 

Australian ranges and hinterland into the six phases following the temporal 

framework outlined in the previous chapter. Because the duration of the six phases 

varies, the time span for each phase must be factored into the number of sites 

occupied. The last three phases are shorter than the earlier three which vary slightly 

in duration. The late Holocene Phase 2 is also shorter than the two earlier phases 

which both represent a time span of 1,500 years. Conditions of preservation, on the 

other hand, are likely to be biased in favour of the more recent phases. 

As shown in Figme 10.3, the combined radiocarbon dates from all central Australian 

sites reflect a sharp increase in the number of sites occupied after 3.5 ka yrs BP. This 

increase is unlikely to be a factor of preservation or differences in the time span of 

the two phases over which the change occurs. In this case, the magnitude of the 

increase does suggest a relatively abrupt increase in population between 3.5-2 ka 

years BP. 

As can be seen from Figure 10.2, the sites excavated during the research carried out 

for this thesis in the Palmer River catchment have contributed significantly to this 

pattern. Taking central Australia as whole, a total of five sites was initially occupied 

between 3.5 ka and 2 ka (four in the Palmer River catchment), compared with seven 

occupied between 2 ka and 500 years BP (one in the Palmer River catchment). The 

results of research from the Palmer River catchment thus reveal a substantial increase 

in sites initially occupied in the early mid-late Holocene. 

The combined data in Figure 10.3 suggest that new sites were established at a 

slightly increasing rate during the two late Holocene phases. It might be concluded 

from these data that population continued to increase throughout the last 3,500 years. 

However, support for further increases in population after approximately 3.5-2 ka 

years BP is equivocal. Figure 10.2, which shows the complete sample of radiocarbon 

dates for the Palmer and Hugh River catchments, suggests there is no clear further 

increase in the magnitude of occupation after 2 ka years represented in the 
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Figure 10.3 
Distribution of sites with dated occupation in central Australian bioregions. All dates are in 

uncalibrated radiocarbon years BP rounded to the nearest 100 years. 
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radiocarbon date sample. In view of these data, the establishment of new sites in 

central Australia after 2 ka years BP can be argued to represent repositioning of 

settlement in the landscape rather than a further increase in population density. 

Settlement restructuring 

As more detailed and comprehensive data become available from different parts of 

central Australia during the mid-late Holocene, it becomes increasingly possible to 

characterise settlement patterns as internally differentiated systems. Taking an 

approach similar to Bird and Frankel (1991) and Boot (1996), the combined data 

from 21 central Australia sites can be analysed for evidence of adjustments in 

settlement pattern in relation to local and regional fluctuations in central Australian 

ecosystems. 

The data in Figure 10.2 provide 'maps in time', emphasising variability in settlement 

organisation through time and space. The evidence for shifts in settlement in each 

phase can be summarised as follows. 

Sites with occupation prior to 3.5 ka yrs BP are all near the periphery of the ranges 

and outliers and are located some distance (more than a day's travel) from the major 

watercourses and their floodplains. For most of this period, occupation is limited to 

two sites, which raises questions about the representativeness of the sample. 

Certainly, any model depicting the nature of settlement organisation in the central 

Australian ranges during the first three phases must be regarded as tentative. 

In the mid-late Holocene (3.5-2 ka yrs BP) settlement was not only established in the 

core of the ranges and the gorge environment of Ilarari, but also maintained in 

outliers such as the Cleland Hills, Levi and Eastern James Ranges. A high proportion 

of sites in the MacDonnell Range bioregion have their first dated occupation falling 

in this period. 

In the late Holocene Phase 1 (2 ka-500 years BP), there is a decline in the number of 

sites within the MacDonnell Range bioregion. Sites are established near the 

floodplains of the Palmer and Hugh River catchments. Occupation undergoes a 

decline within both the core ranges and outliers of the Palmer River catchment but is 
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maintained in the outliers of the Eastern James Range and Cleland Hills. The open 

site Therreyererte is also established in the outlying Rodinga Range on the edge of 

the Simpson Desert. 

The most recent phase (500-0 years BP) shows an increase in the number of sites 

along the margin of the MacDonnell Range bioregion. There is evidence for a 

resumption in the use of sites near ephemeral water in the Levi Range and the 

appearance of two new rockshelter sites at K weyunpe (Pine Gap) both with basal 

dates less than 300 years BP. Both of the K weyunpe rockshelters are art sites and 

have limited local water supplies. 

Accountim~ for chan~e in the mid-Holocene 

Though the data from many sites are limited to small samples or single dates, the 

evidence for shifts in settlement patterns can be easily tested and refmed by further 

dating. As the evidence stands, there is support for an increased and more permanent 

hunter-gatherer population in central Australia from around 3,500 years ago. Prior to 

this time occupation was sparse and/or intermittent. Further changes after the 

establishment of population around 3.5 ka years BP can be characterised as 

restructuring of settlement to take advantage of opportunities created by changes in 

the landscape and fluctuations in climate, including an increase in the frequency of 

high rainfall events. 

Smith (1996) has linked the increase in heavy falls in the late Holocene to population 

growth rather than restructuring. In this view, a 'significant intensification of 

occupation' occurred which is unlikely to be explained by 'a redistribution of 

existing population' (Smith 1996:68). In summarising the changes in the James 

Range, Smith (1988:247) also agued that increased occupation of Intirtekwerle was 

part of gradual process of establishing permanent estates away from permanent 

water. This interpretation rests more easily with the evidence from this thesis 

supporting an increase in the use of sites near ephemeral water associated with 

changes in social and territorial organisation. However, Smith's (1988:247) 

interpretation implies that shifts in settlement provided a mechanism for population 

growth by fissioning whereas the explanation proposed in this thesis argues that 
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adjustments in settlement organisation were prompted by the need to redistribute 

population in relation to resources as part of an overall strategy of risk reduction. 

The cause of an earlier increase in population around 3,500 years ago is a more 

complex issue. The establishment of a larger and more permanent occupation does 

not coincide with any major change registered in the environmental record for the 

arid zone. This raises the possibility that factors which precipitated population 

growth were initiated outside central Australia by larger, continental-scale processes 

of colonisation such as McConvell (1996) and Hiscock (1994a) have suggested took 

place during the middle of the Holocene. These issues are considered in the 

following section, which locates the evidence from central Australia in the broader 

discussion of settlement of the Australian arid zone and Sahul (Greater Australia). 

10.6 Arid zone and beyond 

Early ~lacial period 

The extent to which specialised arid adaptations were a feature of early occupation of 

the Australian inland has been the subject of ongoing debate. One major view holds 

that adaptive strategies were developed rapidly, enabling the first occupants to 

successfully colonise the interior in a short space of time (Birdsell 1975, Bowler 

1976, Jones 1979, Ross et al. 1992). Opposing this proposition, others argue that 

successful colonisation of the more arid regions required specific long-term 

economic and technological adjustments (Bowdler 1977, Horton 1981, Veth 1989). 

A third argument, which incorporates aspects of both these views, holds that 

although the arid zone may have been occupied early in the colonisation of Sahul, 

conditions at this time were not sufficiently arid to pose difficulties for human 

settlement (Hiscock 1988a, Hughes and Lampert 1980, White and O'Connell 1982). 

The proponents of this argument maintain that the first real challenge confronting the 

colonists of the arid zone came with the onset of the period of intense aridity during 

the last glacial maximum. 

The evidence from central Australia showing first occupation by 30 ka years BP 

suggests that early occupation did not require a specialised arid adaptation. Higher 
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rainfall would have made food and water both predictable and dense along the 

margins of the ranges and river floodplains. There would, furthennore, have been 

large bodies of standing water in the Lake Eyre and Amadeus basins, which may 

have served to entice the first colonists into the centre. These images are remote from 

the characterisation of inland Australia as 'essentially arid' throughout the period of 

human occupation (Ross et a/. 1992:107) or the view of colonisation of central 

Australia as demonstrating very early prehistoric adaptation to an arid core (Jones 

1987:666). 

Glacial Arid Period 

Human responses to the glacial maximum have been modelled by Veth (1989) and 

Smith (1989), who were essentially in agreement that occupation was limited to parts 

of the expanded arid zone, including the central Australian ranges, that provided 

refuges from extreme conditions. Hiscock (1988a:256, Hiscock and Kershaw 1992) 

opts for a model of 'fluctuating occupation', which varies from other models in 

proposing that only the more favourable environments around the fringes of the arid 

zone could have supported pennanent occupation during the glacial maximum. 

Under this scenario, occupation of central Australia would have been limited, at 

most, to fleeting visits by populations based in refuges around the periphery of the 

arid zone. 

The evidence in this thesis casts doubt on continuous occupation of central Australia 

during the glacial maximum (see also Thorley 1998). There are two significant 

implications of a decline in occupation and possible abandonment of the central 

Australian uplands for the early occupation of the arid zone. Firstly, if the desert 

uplands were abandoned due to extreme aridity of the last glacial maximum, then 

occupation of other less well-watered regions of the arid zone would almost certainly 

have ceased. Secondly, as Bowdler (1977) and Veth (1989) have argued, the 

emergence of a true desert adaptation, similar to that observed ethnographically, is 

unlikely to have taken place in Australia until well after the last major period of 

aridity had ended around 13,000 years BP. 
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Ieuninal Pleistocene to mid Holocene 

Occupation of the arid zone following amelioration of glacial climate has been (and 

continues to be) debated by a number of researchers. These debates have centred on 

the question of when and how the sandy deserts - the Simpson, Strzelecki Deserts 

and the Great and Little Sandy Deserts of Western Australia - were first occupied 

(Hughes and Lampert 1980, Hiscock 1994a, Ross et al. 1992, Smith 1993, Veth 

1995a). 

Veth (1989, 1993, 1995a) has argued that the first phase in the occupation of the arid 

zone which demonstrates major adjustments to arid conditions was the occupation of 

the desert lowlands (see also Hughes and Lampert 1980). Following Bowdler (1977), 

Veth (1989) argued that a range of social and technological adjustments were 

necessary to enable colonisation of the arid zone - seed processing, hafted implement 

technologies, the ability to utilise groundwater sources and the development of 

widespread social networks (cf. Edwards and O'Connell 1995). Smith (1993) 

questioned the correspondence between the timing of these developments and the 

evidence for initial colonisation of the sand dune deserts, arguing that 

transformations in stone tool technology and colonisation of the arid zone were 

unrelated. 

At the centre of this debate lies the issues of what constitutes colonisation and 

adjustment to aridity. In Veth's (1989) model, colonisation implies a temporal and 

spatial continuity of occupation within a region, while from the perspective of Smith 

(1989) and Ross et a/. (1992), occupation of a single site seems to be sufficient. In 

central Australia, the evidence for relatively continuous and widespread occupation is 

confined to the last 3,500 years. Unlike the first occupation of the Palmer River 

catchment around 30,000 years BP, the establishment of occupation across the 

catchment during the middle of the Holocene took place at a time when conditions in 

the central arid zone were generally more arid. These changes coincide with the 

emergence of backed artefacts and the first evidence for a settlement pattern adjusted 

to variations in local environmental conditions within the catchment The evidence 

from the central Australian ranges supports the notion of a relatively late adaptation 

to aridity in the form of settlement and technological strategies for coping with risk. 
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Mid-late Holocene 

Hiscock (1994a) has argued that backed artefacts represent composite, multi-purpose 

implements suited to hunter-gatherers confronted by unpredictable environments. 

Uncertainty in environmental conditions could be precipitated by climatic stresses 

and/or by hunter-gatherers entering new regions, factors which Hiscock (1994a) has 

linked to the rise in the use of backed artefacts across Australia from the middle of 

the Holocene. 

Linguistic evidence for large-scale demographic shifts from the mid-Holocene comes 

in the form of the near-continental distribution of the Pama-Nyungan family of 

languages and the widespread Western Desert language (McConvell 1996). As 

Hiscock (1994a:280) has observed, the distribution of Pama-Nyungan in Australia 

conforms closely with that of backed artefacts. Such a wide linguistic distribution, 

according to McConvell and Laughren (1996: 1-2), is unlikely to reflect diffusion and 

almost certainly involved actual population movement, an explanation consistent 

with the role proposed for backed artefacts in risk-reduction during the mid-Holocene 

by Hiscock (1994a:278-281). 

These arguments raise an alternative explanation for large-scale demographic change 

in the arid zone to one based on in situ population growth. The timing of increases in 

population in the mid-late Holocene by Smith (1988) have led Ross eta/. (1992:107) 

to question the role of climatic change, opting instead for an argument based on 

social and technological factors. Their model downplays the magnitude of climate 

change during this period, arguing that overall, the Holocene was a period of relative 

stability. 

This view does not rest easily with evidence presented in Chapter 9 of this thesis, 

which indicates that in contrast to the early Holocene, the mid to late Holocene was a 

period of generally dry conditions. Imposed on an otherwise dry regime, the 

monsoon rains would have increased the level of climatic variability, a critical factor 

in the development of adaptive strategies. Exposure to extremes, from long droughts 

to intense floods, promotes two essential elements of an arid adaptive strategy: 

flexibility and durability. 
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The explanation for large-scale demographic changes in the mid-Holocene must also 

accommodate climatic conditions in more temperate zones of the continent. 

Consideration of these factors lies beyond the scope of this thesis. However, as 

Hiscock (1994a) has suggested, the period of colonisation follows the stabilisation of 

sea-level at around 6,000 years BP, a time during which there is likely to have been 

significant restructuring of populations near the continental margins. The reactivation 

of the northern monsoon in the early Holocene combined with wetter conditions 

around 7,000 years BP may have been a further factor contributing to population 

growth outside the arid zone. While Ross et al. (1992) have noted a lack of 

correspondence between climatic fluctuations and Holocene change in the arid zone, 

a time lag (e.g. Beaton 1985) of several thousand years might be expected if the 

factors which triggered the population spread occurred well outside the arid zone in 

the homelands of the colonising groups. 

Late Holocene Phase 1 

The role of seeds in mid to late Holocene diets has been cited by Smith (1988:341) as 

a factor contributing to population growth in the late Holocene. The evidence in this 

thesis generally supports Smith's (1986a, 1988) argument that intensive seed

grinding in central Australia was delayed until the mid-late Holocene. As Smith 

(1988:341) notes, 'none of the seedgrinding implements are from stratigraphic 

contexts earlier than 1400 yrs BP'. Although the overall sample is small, all of the 

grinding implements from the sites excavated in the Palmer river catchment are in 

upper levels and younger than 2,500 years BP. 

Accepting Smith's (1996) proposed timing, the increased production of seeds 

corresponds with the timing of a series of high rainfall events in the late Holocene. 

The effects of these floods on lateral migration of floodplains and the creation of 

large floodouts would have left a lasting impact on human populations. In some 

cases, such Arrngu Rockshelter, the formation of large floodout plains appears to 

have necessitated shifts in settlement location, resulting in the establishment of 

previously unoccupied sites. 

While very large floods indicate temporary high rainfall, it does not necessarily 

follow that resources during these times were more plentiful. An abundance of water 
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in the landscape for short periods may have made seeds a low-risk alternative to more 

widely-dispersed game foods. Transformation of the landscape may have added 

further uncertainty to the distribution of resources, favouring the use of more reliable 

and abundant resources. 

Smith (1988:336) acknowledges that lack of grindstones earlier than 1500 years BP, 

may be a factor of sample size, although as he (1988:335) notes, there are no seed

grinding implements securely dated prior to 1,800 years BP elsewhere in the arid 

zone. As argued above, Smith's (1988) view of population increase in central 

Australia after 1,500 years BP is becoming increasingly untenable. In the absence of 

any firm evidence for population increase in the late Holocene other explanations 

must therefore be sought for the intensive use of seeds. 

Late Holocene Phase 2 

From the age of grinding implements recovered in this study, it was only within the 

last 500 years that seeds appear to have been used the Palmer river catchment in any 

intensive way. The most recent phase of occupation is also a period, more than any 

other, when populations sought to capitalise on temporary abundance by aggregating 

near ephemeral rockholes near the margin of the catchment. The use of seeds at this 

time suggests stresses on other more desirable and/or less labour intensive food 

supplies around temporary waters. 

While seeds provide a low-risk and locally abundant resource, the factors which 

might have stimulated a preference for seeds over other more highly-ranked 

resources remain poorly understood. Ethnographic accounts suggest that seeds 

played a role in increasing the duration of large gatherings, a factor which Smith 

(1986a:37) considers may have acted to stimulate a shift in the pattern of plant 

exploitation. In one ethnographic account, Tindale (1935:200) observed a group of 

270 people gathered in the Musgrave Ranges for initiation ceremonies. The size of 

the gathering limited the duration of the ceremonies to a week. As food supplies 

diminished, the women were said to have complained at the increasing distance they 

were required to travel in order to obtain food to support the ceremonies, which 

precipitated their foreclosure. 
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As Tindale's (1935) example illustrates, the pressure on resources at a particular 

locality is a result of group size and hence settlement organisation rather than overall 

population density. While the pressure of population on resources may have been a 

factor leading to an increase in the use of seeds, these pressures can be argued to have 

been temporary, resulting from the aggregation of larger groups at ephemeral waters. 

Despite the pressure on resources such gatherings might have entailed, the desire to 

hold increasingly larger ceremonies is evident from a number of ethnographic 

accounts (personal observation Kintore 1986, Spencer and Gillen 1899, Myers 1986). 

Strehlow (1970:96), for example, noted that: 

The strength of the motivating religious forces which impelled 
and compelled, these periodic migrations by large groups of 
people for the purposes of staging these great ceremonial 
festivals must not be underestimated. 

While recognising the powerful motivating force of religion, Strehlow (1965, 1970) 

also realised the adaptive advantages that large aggregations brought for central 

Australian groups. So it was that Strehlow (1970:96) wrote: 

... when soaked by several inches of rain [the country] will yield 
in profusion a great variety of edible grass seeds, yams and 
native fruits. Kangaroos and emus and other animals will come 
flocking into these regions in droves, lured by the excellence of 
the bush feed. Hence, the human population that came in quest 
of this abundance of food in pre-European days was able to 
range with impunity over hundreds of square miles of country, 
where scores of swamps, claypans, rockholes and soaks 
provided temporary waters for many hundreds of people. The 
wide distribution of the ceremonial centres hence helped in good 
seasons to ease the strain on the food resources of the normal 
residence areas located around the permanent waters, giving the 
animals and plants in the vicinity of the latter a chance to 
recover after good rains from the normal depredations of hunters 
and food gatherers. 

As Strehlow's account suggests, the role of seeds may have been a relatively minor, 

albeit archaeologically visible, part of a larger broad spectrum strategy. 

It is noteworthy all the same that annual grasses are dependent on summer rains 

while mulga, one of the most common acacias, relies on both summer and winter 
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rains to cast seed (Friedel and Squires 1983). In periods of very low summer rain, the 

distribution of seed-bearing annual grasses may have contracted to the north (Graham 

Griffin 1997 personal communication, Singh 1981:425), limiting their availability in 

central Australia. The increase in summer rain from the mid-Holocene, associated 

with tropical low pressure systems and troughs (monsoonal flow), would have made 

them more abundant. 

Significantly, the summer rainfall distribution which stimulates seed production is 

also likely to have been the period of highest residential mobility for hunter

gatherers. Initially, groups would be widely dispersed in small groups following rain. 

Larger groups would later aggregate around abundant resources. It is during the 

aggregation phase of the cycle that the pressure on resources is likely to have been 

highest, making seeds a more viable option (Smith 1986a:37). This aggregation and 

dispersal resulting from high rainfall events may have continued through several 

cycles, with groups repeatedly dispersing and regrouping in areas of localised 

abundance, before their final retreat to permanent waters. 

Seen in this context, seed use can be considered as part of larger adaptive strategy of 

utilising temporary and localised abundance. It is clear that ephemeral waterholes 

became centres of major activity during the mid to late Holocene and that occupation 

associated with their use produced the most visible archaeological evidence on the 

landscape. Palaeoclimatic and geomorphic evidence for changes in rainfall pattern 

and landscape structure suggest that the organisation of regional population around 

small and less permanent waterholes developed in response to variability in the 

resource base and the need to reduce the risks associated with such variability. The 

late Holocene settlement pattern in central Australia may thus be seen to represent 

one of a series of transformations in technology and economy associated with 

population restructuring and risk minimisation in the arid zone from the middle of 

the Holocene. 
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CHAPTER 11 

GENERAL SUMMARY, CONCLUSIONS AND IMPLICATIONS 

This thesis set out to justify the use of a more intensive, comprehensive and 

controlled study of a specific catchment in the central Australian ranges. Overall, the 

present research has provided a unique set of data relevant to understanding the 

organisation of prehistoric settlement patterns in the Palmer River catchment in time 

and space. Collectively these data pose a number of problems for existing theory and 

research strategies. 

Specifically, this study suggests that in central Australia the needs of both research 

and management will best be served by smaller-scale, more intensive surveys aimed 

at catchment or similar level. By adopting a relatively fine-grained approach to the 

investigation of a region, the region selected for this study yielded a much wider 

range of materials spanning a longer period of occupation than had previously been 

recorded by research which had relied primarily on intuitive and broad-scale survey 

and excavation methods. These results have potentially important implications for 

management and environmental impact procedures which aim to provide a 

representative sample of the full range of archaeological materials present within a 

region. Furthermore, from the data produced in this manner it was possible to suggest 

ways in which existing models of prehistoric settlement and human adjustment to 

environmental change may need to be revised. 

In the light of these productive outcomes, the value of using a landscape framework 

around which to organise regional research, and as an alternative which complements 

broader-scale perspectives, has been confirmed. In the remainder of this chapter these 

more general outcomes, along with the methodological features of the research which 

contributed to them, are summarised. In doing so, the limitations of this study and the 

implications for further research will also be highlighted. 

This research demonstrated the value of systematic and intensive survey methods to 

locate a more comprehensive sample of archaeological materials within a region. In 

the case of the surface survey, more reliable procedures were achieved through 

systematic unaligned survey techniques. Although such techniques required a great 
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deal of survey in areas of low archaeological density, the use of this strategy was 

critical in establishing absence infonnation or what Sullivan and Cannent (1992:22) 

refer to as 'negative results'. As they and also Witter (1977:89) point out 'knowing 

where there are no sites is as important as knowing where they are' in contributing to 

an understanding of past land use. 

The use of a more systematic strategy was not only helpful in establishing variations 

in the density of artefacts within the catchment but also led to the discovery of two 

large and important archaeological sites with rich assemblages of art, artefacts and 

occupation deposits. By obtaining more comprehensive samples of archaeological 

material from a range of environmental settings it has been possible to challenge 

preconceptions about the location of both the richest and the oldest sites. The survey 

strategy in this research was equally effective in locating early occupation sites as 

previous research which aimed to target specifically those areas considered likely to 

yield deposits of Pleistocene age. Strategies for both management and research in 

central Australia can therefore ill afford to base decisions on patchy and low intensity 

survey techniques. 

The most common types of materials located during the study were small scatters and 

isolated artefacts, which occurred continuously at varying density throughout the 

landscape. Throughout Australia, these are also almost invariably the types of 

materials most frequently encountered during consulting investigations associated 

with development projects (Hughes and Koettig 1989). As a consequence, increasing 

attention has been given, both in Australia and overseas, to strategies for recording, 

analysing and managing surface scatters of stone artefacts (Wandsnider and Camilli 

1992, Holdaway et al. 1998). The results of this research project have shown the 

potential for surface scatters to contribute to reconstructions of arid zone settlement 

and land use, provided adequate consideration is given to the role of factors which 

intervene between the discard of artefacts and their recovery during archaeological 

surveys. 

Recent approaches to the recording of artefact scatters have drawn attention to the 

problems of traditional site surveys and have argued instead for the use of 

'distributional' survey techniques and recording methods (Dunne111992, Wandsnider 
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and Camilli 1992, Holdaway et a/. 1998). This study combined the use of traditional 

site survey with a non-site and distributional landscape approach. By comparing the 

outcomes of the non-site survey and the site-based approach it was possible to assess 

their relative value and potential bias. 

Both site and non-site survey techniques employ methods of sampling which rest on 

assumptions about the distribution of archaeological materials. In the case of site 

survey techniques, a site is arbitrarily defined as a given number of artefacts or 

density of artefacts. In a non-site survey, the arbitrary size and shape of the sampling 

units define the type of distribution which will be sampled. In either approach, 

decisions are made based on assumptions regarding the nature and scale of clustering 

in archaeological distributions. The use of distributional techniques based on 

artefacts as units of discovery provides a means of assessing these assumptions. For 

this reason, in addition to the fact that site survey techniques offer a rapid and cost

efficient means of recording data at regional scale, it would be premature to advocate 

a completely 'siteless' approach to regional survey. 

Further, much of the confusion associated with the use of the site concept in 

archaeology can be avoided by specifying survey and recording procedures which are 

definable and replicable. Such an approach to the definition of archaeological units is 

in keeping with recent methods in the study of archaeological landscapes which are 

' ... concerned with accuracy of direct measurements on the archaeological record' 

(W andsnider and Camilli 1992: 170). The explicit definition of observational units in 

this thesis enabled their rigorous assessment and served to remove much of the 

confusion surrounding widely-used concepts. More importantly, the use of explicit 

definitions ensures that the procedures and observations reported here can be 

replicated, both within the Palmer River catchment and in other central Australian 

regions. The application of more explicitly defmed procedures in regional research in 

central Australia should continue to improve the quality of the database and the 

interpretations proposed to account for it. 

In this study, the Palmer River catchment provided a diverse landscape with a range 

of water sources representing varying degrees of permanency. Factors proposed to 

account for variability in the archaeological record in previous research were thus 
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able to be highlighted in the selection of survey and excavation units. Contrary to the 

expectations, there were no indications that permanent waters had served as a focus 

throughout the period of prehistoric settlement of the Palmer River catchment, as 

might have been expected from previous reconstructions of settlement patterns in the 

arid zone. 

These fmdings challenge preconceptions about the organisation of settlement in arid 

regions. The largest and most diverse sites were located near temporary waters near 

the margins of the catchment and not, as might have been anticipated, near 

permanent waters in the core of the drainage system. Further, the single site (Kulpi 

Mara Rockshelter) which revealed evidence for late Pleistocene occupation was also 

located near the periphery of the catchment away from the permanent waters of the 

gorge environments. 

While these observations challenge preconceptions they do not necessarily 

disconfirm general theories which regard permanent water as a critical factor in arid 

zone settlement and regional variation (Bowdler 1977, Hiscock 1988a, Smith 1989, 

Strehlow 1965, Veth 1989). Kulpi Mara is, after all, linked to the larger catchment of 

the Palmer River which contains some of the most reliable water sources in the 

MacDonnell Range bioregion and is linked by drainage to a wider network of 

permanent waters in the Finke River catchment. These results, however, highlight the 

importance of scale in archaeological interpretation. In establishing ecological 

parameters for settlement, the notion of 'core' needs to be redefined in relation to a 

wider range of spatial scales. In some instances, it may be more productive to think 

in terms of core landscapes rather than core sites, while in others, the ecological core 

area of settlement may be more usefully defined at biogeographic scale as, for 

example, in the model advanced for colonisation of the Australian arid zone by Veth 

(1989). 

The relative abundance of archaeological materials near ephemeral waters in the 

Palmer River catchment provided an opportunity to reconsider their role in adaptive 

strategies. The use of ephemeral waters as foci for aggregation conforms with the 

territorial model proposed by Dyson-Hudson and Smith (1978) in situations where 

resources are dense and unpredictable. In these situations, hunter-gatherers seek to 
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capitalise on temporary surplus by using ephemeral resources as foci for inter-group 

aggregation. The use of ephemeral waters in this manner is consistent with a theory 

of risk where the driving mechanisms in the organisation of settlement patterns are 

spatial and temporal variability in the distribution of resources (Jochim 1991). The 

existence of a risk-minimising strategy in the Australian arid zone was originally 

suggested by Gould (1977) in the Western Desert. Although the organisation of 

settlement patterns apparent in the data for the Palmer River catchment varied from 

that proposed by Gould (1977), the results suggest that strategies of risk reduction 

also operated in arid environments with more abundant resources and high year-to

year variability in the distribution of rainfall. 

In stressing an early adaptation to aridity in Australia, Ross eta/. (1992:107) note 

'The arid zone has been essentially arid for the whole of the late Pleistocene and 

Holocene ... ', thus requiring special responses from human populations to occupy the 

interior during the late Pleistocene. There are doubts, however, that prehistoric 

hunter-gatherers, both in Australia or indeed elsewhere, could ever have become 

adapted to what Veth (1989:90) describes as 'truly arid conditions'. As Gould 

(1991:14-15) has argued, there were basically two relocation options available to 

hunter-gatherers in conditions of drought - evasion and escape. Periods of low 

rainfall could be evaded in some situations by use of more reliable waters, while in 

others, severe conditions of drought would have required complete abandonment of 

territory. 

The Australian arid zone, with its long record of human occupation and 

environmental change, serves as a useful case study for investigating the role of 

climate as a selection mechanism in hunter-gatherer settlement patterns. The effects 

of the last global glaciation produced dramatic changes in climate equal if not greater 

in magnitude to any during the Quaternary (Thorn 1992). In many parts of the world, 

technological and subsistence innovations were delayed until after the glacial period 

(Hayden 1981, Edwards and O'Connell 1995). These included the development of 

harvesting, processing and storage technologies which have been related, in some 

instances, to the development of sedentism and agriculture (Hayden 1981 :416-418 

and Edwards and O'Connel11995:769). 
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For the most part, the development of new teclmologies and subsistence practices by 

prehistoric hunter-gatherers in Australia appears to have been delayed until well after 

the terminal Pleistocene climatic amelioration. The first clear evidence for 

widespread adoption of hafted tool technologies and seed production occurs during 

or after the middle of the Holocene. Although there is slight evidence for exploitation 

of seeds in Australia during the Pleistocene (Fullager and Field 1997, Gorecki et al. 

1997), it is only during the late Holocene that the evidence for their use in the arid 

zone becomes widespread (Smith 1986a). The lack of any major shifts in 

palaeoclimate at the time of the adoption of seeds across the arid zone has led 

Lourandos (1997:194) to argue that transformations in the archaeological record of 

the mid Holocene were the result of a social intensification which occurred 

independently of environmental change. 

Clearly, however, the nature of the Holocene climate in the arid zone was different in 

fundamental respects from the climate of the late Pleistocene. Conditions of aridity, 

though perhaps less extreme than during the glacial maximum, were also a feature of 

the mid-late Holocene climate. Overall, the changes in the Holocene are likely to 

have been of a lesser magnitude, but an added factor in the mid to late Holocene was 

the increased though irregular incursion of the tropical low pressure systems and 

troughs which contributed to greater variability in climate. Responses to 

environmental conditions in the mid-late Holocene were thus unlikely to have been 

simply a reaction to aridity but an adaptation to variability which can be explained in 

terms of a general theory of risk. 

With the growing number of regional studies in Australia, the picture emerging for 

the mid-late Holocene is becoming increasingly complex. General theories, such as 

social intensification and risk, are becoming difficult to reconcile with the evidence 

from a large number of case studies (e.g. Bird and Frankel 1991:1). The 

archaeological record from the Palmer River catchment for the mid-late Holocene 

reflects as much a pattern of local and regional adjustments to the structure of the 

resource base as an adaptation to long-term environmental change. It is difficult to 

adopt a similar perspective in the explanation of evidence throughout the period of 

occupation. To account for both long and short-term changes in settlement requires 

the development of more complex and comprehensive models. 
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A further outgrowth of the rise in regional studies in the arid zone is the expectation 

that factors affecting the patterning of prehistoric settlement will vary from region to 

region. Models which aim to characterise occupation of the arid zone as a whole 

must contend with this smaller scale regional variation. A comparison of the 

archaeological evidence from the catchments of the Palmer and Hugh Rivers, and 

from the Pleistocene sites Kulpi Mara and Puritjarra, suggests that settlement patterns 

in the area broadly defined as central Australia may be more diverse than is often 

assumed. In situations such as this, questions immediately arise about the 

representativeness of smaller regions and their incorporation within broader 

environmental units such as biogeographic regions. In so far as most of the 

catchments with headwaters in the central Australian ranges have not been surveyed 

systematically or intensively, existing information for the larger biogeographic 

region is patchy and potentially unrepresentative. 

The lack of evidence for Pleistocene occupation poses a special type of problem. 

There have been over 20 sites excavated in central Australia yet only two with 

evidence for Pleistocene occupation. The pattern which is beginning to emerge from 

the two central Australian rockshelters with Pleistocene deposits is that sites of this 

age are not monotypic entities. The differences between Puritjarra and Kulpi Mara in 

terms of their site locations suggest that Pleistocene sites can potentially occur in a 

range of contexts, in a variety of drainage conditions with varying access to water 

and other resources. 

These observations suggest that further excavations in rockshelters within the Palmer 

River catchment and elsewhere in the central Australian ranges may continue to turn 

up more sites of Pleistocene age. Given the very limited number of deposits of 

Pleistocene age, the discovery of further evidence would contribute substantially to 

reconstructions of early settlement in central Australia. For the late Holocene, a 

period in which changes can be observed across a much broader spectrum of 

archaeological materials, the reliance on the excavation of rockshelters is difficult to 

justify. If, as seems likely on current evidence, most of the surface materials and a 

significant proportion of the rock art are less than 500 years BP, greater use could be 

made of the combined data from a range of site types in characterising the nature of 

occupation during this period. 
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The considerable span of time represented in the archaeological record from the 

Palmer River catchment raises questions as to whether it is possible, as Thomas 

(1989:86) suggests, to integrate fully regional survey and deep site excavation 

techniques. The subsurface archaeological record can be viewed as a spatial 

distribution in much the same way as the surface materials which helps to bridge the 

two domains conceptually. However, chronological control is critical in establishing 

patterns of association between materials and attempts toward this end are often 

thwarted by varying degrees of resolution represented in the surface and excavated 

deposits. While these problems pose limits on the degree of integration possible, by 

combining the analysis of surface and subsurface materials it is possible to gain a 

better understanding of variation in time and space than by considering either form of 

evidence in isolation. 

The chronological framework developed in this research can be further refmed in a 

number of ways. The current research produced 15 new radiocarbon determinations 

for the Palmer River catchment, which is the most for any catchment in central 

Australia. Nonetheless, there are deficiencies in the sample. As Baker et a/. 

(1983:235) note, radiocarbon chronologies 'must be confirmed by several 

determinations on separate samples'. Larger samples would help to place regional 

chronologies, both for the Palmer River catchment and the wider region, on firmer 

footing. 

The dating of surface materials in a wider range of contexts than has been possible in 

this research would improve chronological interpretations of the surface materials. 

Further excavation of open sites and the dating of exposed hearths, in combination 

with a more detailed geomorphological study of the age of landforms on which sites 

are typically found, will assist in establishing their age and temporal relationship to 

subsurface materials. Surface hearths are common in the Palmer River catchment and 

are present in a range of landscapes and depositional contexts. Furthermore, age 

estimates obtained from discrete hearths provide increased certainty that dates 

represent actual occupation events, which contributes to a more secure understanding 

of the archaeological record in behavioural terms. 

The dating of discrete hearths and charcoal features from stratified deposits can also 
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assist in providing more behaviourally valid interpretations of the excavated deposits. 

The evidence from deposits excavated in this study indicates that archaeological 

sequences are often characterised by sudden changes in rates of deposition of 

artefacts, sediments and charcoal, suggesting that, with the use of more refined 

methods, the subsurface record of some sites can be interpreted at finer levels of 

resolution. However, because artefacts can only be dated by association it is often 

necessary at present to construct broader units of interpretation and association in the 

analysis of subsurface materials. 

The use of conjoining provides an opportunity to improve resolution and assess 

stratigraphic integrity through the reconstruction of single knapping events. 

Conjoining was used in a preliminary way in this research to assess vertical 

movement in stratified deposits. Further use of the method would contribute 

additional information on the archaeological record as a series of discrete occupation 

events. It may also be possible, with further research, to sequence distinctive types of 

rock art, stone and wooden artefacts to develop temporal markers for the 

chronological interpretation of a diverse range of surface materials in the Palmer 

River catchment. 

In concluding, this study used a landscape-oriented approach which combined the 

analysis of surface and subsurface materials in the archaeological investigation of a 

specific catchment in the central Australian ranges. The outcomes of this approach 

suggest that the existing database upon which understandings of prehistoric 

settlement in the central arid zone are grounded may be less secure and less complete 

than many suspect. More detailed and comprehensive data are required to provide a 

more reliable basis for the reconstruction of prehistoric settlement patterns and 

adaptation to environmental change. Although there are many different ways of 

approaching the investigation of regions, this study has confirmed the value of an 

intensive landscape-oriented approach. By approaching the collection of data in a 

more systematic and intensive way it has been possible to challenge preconceptions 

about the nature of prehistoric occupation of arid regions and to provide checks and 

balances for evaluating the quality of the data and the inferences derived from that 

data. For this reason, the approach adopted in this study represents an important 

contribution to regional data collection and archaeological problem solving which 
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complements other approaches. Yet while the present study makes some important 

and positive contributions to the database it shows equally how much remains to be 

done. 

358 



REFERENCES 

Akerman, K. and Bindon, P. 1995 Dentate and related stone biface points from 
northern Australia. The Beagle, Records of the Museums and Art Galleries of 
the Northern Territory 12:88-99. 

Allan, R.J. 1990 Climate. In M.J. Tyler, C.R. Twidale, M. Davies and C.B. Wells 
(eds.) Natural History of the North East Deserts. pp. 81-84. Adelaide: Royal 
Society of South Australia. 

Amick, D.S., Mauldin, R.P. and Binford. L.R. 1989 The potential of experiments in 
lithic technology. In D.S. Amick and R.P. Mauldin (eds.) Experiments in 
Lithic Technology. pp. 1-14. British Archaeological Reports International 
Series Number 528. 

Amick, D.S. and Mauldin, R.P 1989 Comments on Sullivan and Rozen's 'debitage 
analysis and archaeological interpretation'. American Antiquity 54:166-168. 

Ammerman, A.J. 1982 Introduction to the analysis of mosaic patterns in 
archaeology. World Archaeology 14:120-130. 

Asche, D.L. 1979 On sample size problems and the uses of nonprobabilistic 
sampling. In J.W. Mueller (ed.) Sampling in Archaeology. pp.170-191. 
Tucson: University of Arizona Press. 

Attenbrow, V., David, B. and Flood, J. 1995 Mennge-ya and the origins of points: 
new insights into the appearance of points in the semi-arid zone of the 
Northern Territory. Archaeology in Oceania 30:105-120. 

Baker, V.R., Kochel, R.C., Patton, P.C. and Pickup, G. 1983 Palaeohydrologic 
analysis of Holocene flood slack-water sediments. Special Publications of the 
International Association ofSedimentologists 6:229-239. 

Bastin, G. and Shaw, K. 1996 Rangelands pastures of the Alice Springs district: 
Agnote Number 274, July 1996, Northern Territory Department of Primary 
Industries and Fisheries. 

Beaton, J.M. 1985 Evidence for a coastal occupation time-lag at Princess Charlotte 
Bay (North Queensland) and implications for coastal colonisation and 
population growth theories for Aboriginal Australia. Archaeology in Oceania 
20:1-20. 

Beattie, J.A. and Gunn, R.H. 1988 Field operation of soil and land resource surveys. 
In R.H. Gunn, J.A. Beattie, R.E. Reid and R.H.M. van de Graaf ( eds.) 
Australian Soil and Land Survey Book: Guidelines for Conducting Surveys. 
pp. 113-134. Melbourne: Inkata Press. 

359 



Binford L.R. 1964 A consideration of archaeological research design. American 
Antiquity 29:425-441. 

Binford, L.R. 1979 Organisation and formation processes: looking at curated 
technologies. Journal of Anthropological Research 35:255-273. 

Binford, L.R. 1980 Willow smoke and dog's tails: hunter-gatherer settlement 
systems and archaeological site formation. American Antiquity 45:4-20. 

Binford, L.R. 1982 The archaeology of place. Journal of Anthropological 
Archaeology 1 :5-31. 

Binford, L.R. 1984 An Alyawara day: flour, spinifex gum and shifting perspectives. 
Journal of Anthropological Research 40:406-32. 

Binford, L.R. and Binford, S.R. 1966 A preliminary analysis of functional variability 
in the Mousterian ofLevallois Facies. American Anthropologist 68:238-95. 

Binford, L.R. and O'Connell, J.F. 1984 An Alyawara day: the stone quarry. Journal 
of Anthropological Research 40:406-432. 

Bird, C.F.M. and Frankel, D. 1991 Chronology and explanation in western Victoria 
and south-east South Australia. Archaeology in Oceania 26:1-16. 

Birdsell, J.B. 1975 A preliminary report on new research on man-land relations in 
Aboriginal Australia. American Antiquity 40:34-37. 

Boot, P. 1996 Aspects of prehistoric change in the south coast hinterland of New 
South Wales. InS. Ulm, I. Lilley and A. Ross (eds.) Australian Archaeology 
'95: Proceedings of the 1995 Australian Archaeological Association 
Conference. Tempus Volume 6. pp. 63-79. St Lucia: University of 
Queensland. 

Bowdler, S. 1977 The coastal colonisation of Australia, in J. Allen, J. Golson and R. 
Jones (eds.) Sunda and Sahul: Prehistoric Studies in Southeast Asia, 
Melanesia and Australia. pp. 205-246. London: Academic Press. 

Bowler, J.M. 1976 Recent developments in reconstructing late Quaternary 
environments in Australia. In R.L. Kirk and A.G. Thome (eds.) The Origins 
of the Australians. pp. 55-77. Canberra: Australian Institute for Aboriginal 
Studies. 

Bowler, J.M. 1981 Australian salt lakes: a palaeohydrological approach. 
Hydrobiologia 82: 431-44. 

Bradley, R. and Ford, S. 1986 The siting of neolithic stone quarries: experimental 
archaeology at Great Langdale, Cumbria. Oxford Journal of Archaeology 
5:123-128. 

360 



Brain, C.K. 1981 The hunters or the hunted? An introduction to African cave 
taphonomy. Chicago: University of Chicago Press. 

Brown, J.E. 1979 Deep site excavation as a sampling problem. In J.W. Mueller (ed.) 
Sampling in Archaeology. pp. 155-169. Tucson: University of Arizona Press. 

Butzer, K.W. 1982 Archaeology as human ecology. Cambridge: Cambridge 
University Press. 

Byrne, D. 1980 Dynamics of dispersion: the place of silcrete in archaeological 
assemblages from the Lower Murchison, Western Australia. Archaeology and 
Physical Anthropology in Oceania 15:110-119. 

Callahan, E. 1979 The basics of biface knapping in the eastern fluted point tradition: 
a manual for flintknappers and lithic analysts. Archaeology of Eastern North 
America 7:1-180. 

Cameron, D., White, P., Lampert, R. and Florek, S. 1990 Blowing in the wind: site 
destruction and site creation at Hawker Lagoon, South Australia. Australian 
Archaeology 30:58-69. 

Camilli, E. 1989 The occupational history of sites and the interpretation of 
prehistoric technological systems: an example from Cedar Mesa, Utah. In R. 
Torrence (ed.) Time, Energy and Stone Tools. pp. 17-26. Cambridge: 
Cambridge University Press. 

Camilli, E. and Ebert, J .I. 1992 Artifact reuse and recycling in continuous surface 
distributions and implications for interpreting land use patterns. In J. 
Rossignol and L. Wandsnider (eds.) Space, Time and Archaeological 
Landscapes. pp. 113-136. New York: Plenum. 

Campbell, T.D. and Edwards, R. 1966 Stone implements. In B.C. Cotton (ed.) 
Aboriginal man in south and central Australia (Part 1). pp. 159-220. 
Adelaide: Government Printer. 

Cane, S. 1984 Desert camps: a case study of stone artefacts and Aboriginal behaviour 
in the Western Desert. Unpublished PhD thesis, Department of Prehistory, 
Australian National University, Canberra. 

Carment, D. 1991 History and the landscape in central Australia: a study of the 
material evidence of European culture and settlement. Darwin: Australian 
National University, North Australia Research Unit. 

Chen, X.Y., Chappell, J. and Murray, A.S. 1995 High (ground) water levels and dune 
development in central Australia: TL dates from gypsum and quartz dunes 
around Lake Lewis (Napperby), Northern Territory. Geomorphology 11:311-
322. 

361 



Chewings, C. 1886 The sources of the Finke River. Reprints from the Adelaide 
Observer 22/5-26/6/1886. 

Clark, J.E. 1987 Politics, prismatic blades and Mesoamerican civilisation. In J.K. 
Johnson and C.A. Morrow (eds.) The organisation of core technology. pp. 
259-284. Boulder: Westview Press. 

Cook, P.J. 1968 Explanatory notes on the Henbury geological sheet. Canberra: 
Australian Government Publishing Service. 

Cotterell, B. and Kamminga, J. 1990 Mechanics of pre-industrial technology. 
Cambridge: Cambridge University Press. 

Cowgill, 1994 Unknown sampling bias is not a licence to ignore statistical theory. In 
I. Johnson (ed.) Methods in the Mountains: Proceedings of USIPP 
Commission IV Meeting, Mount Victoria, Australia, August 1993. pp 7-12. 
Sydney University Archaeological Methods Series 2. 

Cundy, B.J. 1985 The secondary use and reduction of cylindro-conical stone artifacts 
from the Northern Territory. The Beagle: Occasional Papers of the Northern 
Territory Museum of Arts and Sciences 2:115-127. 

Dewar, R.E. and McBride, K.A. 1992 Remnant settlement patterns. In J. Rossignol 
and L. Wandsnider (eds.) Space, Time and Archaeological Landscapes. pp. 
227-255. New York: Plenum. 

Doran, J.E and Hodson, F.R. 1975 Mathematics and computers in archaeology. 
Cambridge (MA): Harvard University Press. 

Dunnell, R.C. 1992 The notion site. In J. Rossignol and L. Wandsnider (eds.) Space, 
Time and Archaeological Landscapes. pp. 31-3 7. New York: Plenum. 

Dyson-Hudson, R. and Smith, E.A. 1978 Human territoriality: an ecological 
reassessment. American Anthropologist 80:21-41. 

Edwards, R. 1966 Comparative study of rock engravings in South and Central 
Australia. Transactions of the Royal Society of South Australia 90:33-38. 

Edwards, D.G. and O'Connell J.F. 1995 Broad spectrum diets in arid Australia In J. 
Allen and J.F. O'Connell (eds.) Transitions: Pleistocene to Holocene in 
Australia and Papua New Guinea. pp. 769-83. Antiquity Volume 69, Special 
Number265. 

Flannery, T.F. 1990 Pleistocene faunal loss: implications of the aftershock for 
Australia's past and future. Archaeology in Oceania 25:45-55. 

Flenniken, J.J. and White, J.P. 1985 Australian flaked stone tools: a technological 
perspective. Records of the Australian Museum 36:131-151. 

362 



Foley, R. 1981 Off-site archaeology: an alternative approach for the short-sited. In I. 
Hodder, G. Isaac and N. Hammond (eds.) Pattern of the Past: Studies in 
Honour of David Clarke. pp. 157-183. Cambridge: Cambridge University 
Press. 

Forbes, S. 1982 Aboriginal rock engravings at N'Dhala Gorge: an analysis of a 
Central Australian 'Panaramitee style' rock art site. Unpublished B.Lit thesis, 
Australian National University. 

Frakes, L.A. and Vickers-Rich, P. 1991 Palaeoclimatic setting and palaeogeographic 
links of Australia in the Phanerozoic. In P. Vickers-Rich, J.M. Monaghan, 
R.F. Baird and T.H. Rich (eds.) Vertebrate Palaeontology of Australasia. 
pp.112-45. Melbourne: Monash University. 

Frankel, D. 1988 Characterising change in prehistoric sequences: a view from 
Australia Archaeology in Oceania 23: 41-48. 

Frankel, D. 1993 Pleistocene chronological structures and explanations: a challenge. 
In M.A. Smith, M. Spriggs and B. Fankhauser (eds.) Sahul in Review: 
Pleistocene Archaeology in Australia, New Guinea and Island Melanesia. pp. 
24-33. Canberra: Australian National University. 

Frankel, D. 1995 The Australian transition: real and perceived boundaries. In J. Allen 
and J.F. O'Connell (eds.) Transitions: Pleistocene to Holocene in Australia 
and Papua New Guinea. pp. 649-55. Antiquity Volume 69, Special Number 
265. 

Friedel, M.H and Squires, V.R. 1983 Plants as a resource. In G. Crook (ed.) Man in 
the Centre: Proceedings of a Symposium Held at CSIRO Alice Springs, 3-5 
Apri/1979. pp. 103-23. Melbourne: CSIRO. 

Friedel, M.H., Foran B.D. and Stafford Smith, D.M. 1990 Where the creeks run dry 
or ten feet high: pastoral management in arid Australia Proceedings of the 
Ecological Society of Australia 16:185-94. 

Fullager, R. and Field, J. 1997 Pleistocene seed-grinding implements from the 
Australian arid zone. Antiquity 71:300-307. 

Gallant, T.W. 1986 Background noise and site definition; a contribution to survey 
methodology. Journal of Field Archaeology 13:403-18. 

Galt-Smith, B. 1997 Motives for motifs: identifying aggregation and dispersion 
settlement patterns in the rock art assemblages of central Australia 
Unpublished BA (Hons.) thesis, University of New England. 

Giles, E. 1875 Geographic travels in central Australia from 1872 to 1874. 
Melbourne: McCarron, Bird and Company. 

363 



Giles, E. 1889 Australia twice traversed. London: Sampson Low, Marston, Searle 
and Rivington. 

Goldsmith, F.B., Harrison, C.M. and Morton A.J. 1986 Description and analysis of 
vegetation sampling methods. In P.D. Moore and S.B. Chapman (eds.) 
Methods in Plant Ecology. pp. 455-457. Oxford: Blackwell Scientific 
Publications. 

Gorecki, P., Grant, M., O'Connor, S. and Veth, P. 1997 The morphology, function 
and antiquity of Australian grinding implements. Archaeology in Oceania 32: 
141-150. 

Gould, R.A. 1968 Chipping stones in the outback. Natural History 77:42-49. 

Gould, R.A. 1969 Subsistence behaviour among the Western Desert Aborigines of 
Australia. Oceania 39:253-274. 

Gould, R.A. 1977 Puntutjarpa rockshelter and the Australian Desert Culture. 
Anthropological Papers of the American Museum of Natural History 54 (1). 

Gould, R.A. 1978 James Range East Rockshelter, Northern Territory, Australia: A 
summary of the 1973 and 1974 investigations. Asian Perspectives 21:85-88. 

Gould, R.A. 1980 Living archaeology. Cambridge: Cambridge University Press. 

Gould, R.A. 1991 Arid land foraging as seen from Australia: adaptive models and 
behavioural realities. Oceania 62:12-33. 

Gould, R.A., Konster, D.A. and Sontz, A.H. 1971 The lithic assemblage of the 
Western Desert Aborigines of Australia American Antiquity 36: 149-169. 

Gould, R.A. and Saggers, S. 1985 Lithic procurement in central Australia: a closer 
look at Binford's idea of embeddedness in archaeology. American Antiquity 
50:117-136. 

Gould, R.A. and Yellen, J.E. 1987 Man the hunted: determinants of household 
spacing in desert and tropical foraging societies. Journal of Anthropological 
Archaeology 6:77-103. 

Graham, R. and Thorley, P. 1996 Central Australian Aboriginal stone knives: their 
cultural significance, manufacture and trade. In S.R. Morton and D.J. 
Mulvaney ( eds.) Exploring central Australia: Society, Environment and the 
1894 Horn Expedition. pp. 74-89. Sydney: Surrey, Beatty and Sons. 

Greathouse, E.A. 1985 Archaeological investigations at Kuyunba (Pine Gap), 
Northern Territory, Australia Unpublished MA thesis, California State 
University, Stanislaus. 

364 



Griffin, G.F. 1984 Climate, vegetation, man and fire. In E.C. Saxon (ed.) 
Anticipating the Inevitable: A Patch Burn strategy for Fire Management at 
Uluru (Ayres Rock-Mt Olga) National Park. pp. 7-12. Alice Springs: CSIRO 
Division of Wildlife and Rangelands Research. 

Griffin, G.F. and Friedel, M.H. 1985 Discontinuous change in central Australia: 
some implications of major ecological events for land management. Journal 
of Arid Environments 9:63-80. 

Griffin, G.F. and Friedel, M.H. 1996 The plant communities of central Australia: an 
overview from 1884 to 1994. In S.R. Morton and D.J. Mulvaney (eds.) 
Exploring Central Australia: Society, the Environment and the 1894 Horn 
Expedition. Sydney: pp. 267-81. Sydney: Surrey, Beatty and Sons. 

Gunn, R.G. 1988 Recording and assessment of rock art sites at Illararri, Tempe 
Downs Station, N.T. Unpublished report, Central Land Council, Alice 
Springs. 

Gunn, R.G. 1995a Regional patterning in the Aboriginal rock art of Central 
Australia: a preliminary report. Rock Art Research 12: 117 - 128. 

Gunn, R.G. 1995b Kulbi Maru and the rock art of the KM site complex, central 
Australia. Unpublished report, Aboriginal Areas Protection Authority, Alice 
Springs. 

Gunn, R.H. 1988 Developing land survey specifications. In R.H. Gunn, J.A. Beattie, 
R.E. Reid and R.H.M. van de Graaf ( eds.) Australian Soil and Land Survey 
Book: Guidelines for Conducting Surveys. pp. 73-89. Melbourne: Inkata 
Press. 

Hairston, N.G; Hill, R.W and Ritte, U. 1971 The interpretation of aggregation 
patterns. In G.P. Patil, E.C. Pielou and W.E. Waters (eds.) Statistical 
Ecology. pp. 337-356. University Park: Pennsylvania University Press. 

Harris, E.C. 1989 Principles of archaeological stratigraphy. London: Academic 
Press (second edition). 

Harrison, S.P. 1993 Late Quaternary lake level changes and climates of Australia. 
Quaternary Science Reviews 12:211-231 

Hayden, B. 1977 Stone tool functions in the Western Desert. in R.V.S. Wright (ed.) 
Stone Tools as Cultural Markers: Change, Evolution, and Complexity. pp. 
178-88. Canberra: Australian Institute of Aboriginal Studies. 

Hayden, B. 1979 Palaeolithic reflections: lithic technology and ethnographic 
excavations among Australian Aborigines. Canberra: Australian Institute of 
Aboriginal Studies. 

365 



Hayden, B. 1981 Subsistence and ecological adaptations of modern hunter-gatherers. 
In R.S.O. Harding and G. Teleki (eds.) Omnivorous Primates: Gathering and 
Hunting in Modern Evolution. pp 344-421. New York: Columbia University 
Press. 

Hermes, M. 1990 Preliminary prehistoric archaeological survey of the Alice Springs 
flood mitigation damsite. Unpublished report to the Northern Territory Power 
and Water Authority. 

Hersen, M. and Barlow, D.H. 1976 Single case experimental designs: strategies for 
studying behavior change. New York: Pergamon. 

Hiscock, P. 1985 The need for a taphonomic perspective in stone artefact analysis. 
Queensland Archaeological Research 2:82-97. 

Hiscock, P. 1986 Technological change in the Hunter River valley and the 
interpretation of late Holocene change in Australia. Archaeology in Oceania 
21:40-50. 

Hiscock, P. 1988a Prehistoric settlement patterns and artefact manufacture at Lawn 
Hill, northwest Queensland. Unpublished PhD thesis, University of 
Queensland. 

Hiscock, P. 1988b A cache of tulas from the Boulia district, western Queensland. 
Archaeology in Oceania 23:60-70. 

Hiscock, P. 1989 Artefact recording in the field. In J. Flood, I. Johnson and S. 
Sullivan (eds.) Sites and Bytes: Recording Aboriginal Places in Australia. 
Australian Heritage Commission, Special Australian Heritage Publication 
Series Number 8. pp. 20-38. Canberra: Australian Government Publishing 
Service. 

Hiscock, P. 1991 Archaeological surveying. In P. Hiscock (ed.) Exploring prehistoric 
cultural ecology in the Kakadu wetlands: methodological considerations. pp. 
153-79. Unpublished report to the Australian National Parks and Wildlife 
Service by Northern Territory University Archaeological Services. 

Hiscock, P. 1993 Bondian technology in the Hunter Valley, New South Wales. 
Archaeology in Oceania 28:65-76. 

Hiscock, P. 1994a Technological responses to risk in Holocene Australia. Journal of 
World Prehistory 8:267-292. 

Hiscock, P. 1994b Interpreting the vertical distribution of stone points within 
Nauwalabila 1, Arnhem Land. The Beagle, Records of the Northern Te"itory 
Museum of Arts and Sciences 10:173-178. 

366 



Hiscock, P and Hughes, P. 1983 One method of recording scatters of stone artefacts 
during site surveys. Australian Archaeology 17:87-98 

Hiscock, P. and Veth, P. 1991 Change in the Australian desert culture: a reanalysis of 
tulas from Puntutjarpa rockshelter. World Archaeology 22:332-45. 

Hiscock, P. and Kershaw, A.P. 1992 Palaeoenvironments and prehistory of 
Australia's tropical Top End. In J. Dodson (ed.) The Naive Lands: Prehistory 
and Environmental Change in Australia and the Southwest Pacific. pp. 43-
75. Melbourne: Longman. 

Hiscock, P. and Attenbrow, V. 1996 Backed into a comer. Australian Archaeology 
42:64-65. 

Hodder, I. and Orton, C. 1989 Spatial analysis in archaeology. Cambridge: 
Cambridge University Press. 

Holdaway, S. 199Sa Review of P.M. Veth, Islands in the Interior: the Dynamics of 
Prehistoric Adaptations Within the Arid Zone of Australia. Archaeology in 
Oceania 30:43-45. 

Holdaway, S. 1995b Archaeological analysis and the role of statistics: a reply to 
Veth. Archaeology in Oceania 30:137-138. 

Holdaway, S., Witter, D., Fanning, P., Musgrave, R., Cochrane, G., Doleman, T., 
Greenwood, S., Pigdon, D. and Reeves, J. 1998 New approaches to open site 
spatial archaeology in Sturt National Park, New South Wales, Australia 
Archaeology in Oceania 33:1-19. 

Home, G. and Aiston, G. 1924 Savage life in central Australia. London: Macmillan. 

Horton, D. 1981 Water and woodland: the peopling of Australia, Australian Institute 
of Aboriginal Studies Newsletter 16: 21-27. 

Horton D. 1990 Comments. Archaeology in Oceania 25:59-60. 

Howell, T.L. 1993 Evaluating the utility of auger testing as a predictor of subsurface 
artifact density. Journal of Field Archaeology 20:475-484. 

Hughes, P.J. 1983 Geoarchaeology in Australia. In G. Connah (ed.) Australian Field 
Archaeology: A Guide To Techniques. pp. 109-117. Canberra: Australian 
Institute of Aboriginal Studies. 

Hughes, P .J and Lampert, R.L. 1977 Occupational disturbance and types of 
archaeological deposit. Journal of Archaeological Science 4: 135-40. 

367 



Hughes, P .J. and M.E. Sullivan 1979 A geoarchaeological investigation of sandstone 
shelter archaeological sites in the Mangrove Creek catchment, New South 
Wales. Unpublished report to the National Parks and Wildlife Service of 
NSW. 

Hughes, P .J and Lampert, R.L. 1980 Pleistocene occupation of the arid zone in 
southeast Australia: research prospects for the Cooper Creek-Strzelecki 
Desert region. Australian Archaeology 10:52-67. 

Hughes, P .J. and Sullivan, M.E. 1981 Aboriginal burning and late Holocene 
geomorphic events in eastern NSW. Search 12:277-278. 

Hughes, P.J. and Sullivan, M.E. 1986 Aboriginal landscape. In J.S. Russell and R.F. 
Isbell (eds.) Australian Soils: the Human Impact. pp. 117-33. St Lucia: 
University of Queensland Press. 

Hughes, P.J. and Koettig, M. 1989 Recording methods: a consultant's view. In J. 
Flood, I. Johnson and S. Sullivan (eds.) Sites and Bytes: Recording 
Aboriginal Places in Australia. Australian Heritage Commission, Special 
Australian Heritage Publication Series Number 8. pp. 3-19. Canberra: 
Australian Government Publishing Service. 

Hunn, E.S. 1982. Mobility as a factor limiting resource use in the Colombia Plateau 
of North America. In N.M. Williams and E.S. Hunn (eds.) Resource 
Managers: North American and Australian Hunter-Gatherers. pp. 17-43. 
Canberra: Australian Institute of Aboriginal Studies. 

Irwin-Williams, C., Pierce, C., Durand, S.R. and Hicks, P. 1988 The density
dependent method: measuring the archaeological record in the northern 
Southwest. American Archaeology 7:38-49. 

Jacobson, G. 1996 The interrelationship of hydrology and landform in central 
Australia. In S.R. Morton and D.J. Mulvaney (eds.) Exploring Central 
Australia: Society, the Environment and the 1894 Horn Expedition. Sydney: 
pp. 249-66. Sydney: Surrey, Beatty and Sons. 

Jacobson, G., Calf, G.E., Jankowski, J. and Mcdonald, P.S. 1989. Groundwater 
chemistry and palaeocharge in the Amadeus Basin, central Australia, Journal 
of Hydrology 109:237-66. 

Jochim, M.A. 1976 Hunter-gatherer subsistence and settlement: a predictive model. 
New York: Academic Press. 

Jochim, M.A. 1991 Archaeology as long-term ethnography. American 
Anthropologist 93:308-21. 

Johnson, I. 1979 The getting of data: a case study from the recent industries in 
Australia. Unpublished PhD thesis, Australian National University, Canberra. 

368 



Johnson, I. and Jones, R. 1985. Fieldwork methods. In Jones, R. (ed.) Archaeological 
Research in Kakadu National Park. pp. 31-37. Canberra: Australian National 
Parks and Wildlife Service. 

Johnson, J.K. 1987 Cahokia core technology in Mississippi: the view from the south. 
In J.K. Johnson and C.A. Morrow (eds.) The organisation of core technology. 
pp. 187-205. Boulder: Westview Press. 

Jones, R. 1979 The fifth continent: problems concerning the human colonisation of 
Australia. Annual review of Anthropology 8:445-66. 

Jones, R. 1987 Pleistocene life in the dead heart of Australia. Nature 328:666. 

Judge, W.J., Ebert J.l. and Hitchcock, R.K. 1979 Sampling in regional archaeological 
survey. In J.W. Mueller (ed.) Sampling in Archaeology. pp. 82-123. Tucson: 
University of Arizona Press. 

Kamminga, J. 1982 Over the edge: functional analysis of Australian stone tools. 
Occasional Papers in Anthropology Number 12, Anthropology Museum, 
University of Queensland. 

Kamminga, J. 1988 Wood artefacts: a checklist of plant species used by Australian 
Aborigines. Australian Aboriginal Studies (2): 26-56. 

Kimber, R.G. 1984 Resource use and management in central Australia. Australian 
Aboriginal Studies (2):12-23. 

Kimber, R.G. 1996 The dynamic century before the Hom Expedition: a speculative 
history. In S.R. Morton and D.J. Mulvaney (eds.) Exploring Central 
Australia: Society, the Environment and the 1894 Horn Expedition. pp. 91-
102. Sydney: Surrey, Beatty and Sons. 

Kinhill Stearns Roger 1982 Olympic Dam project: draft environmental impact 
statement. Prepared by Roxby Management Services, Parkside, South 
Australia. 

Kinhil11992 Alice Springs to Yuendemu optical fibre link: environment and heritage 
of the proposed route. Unpublished report, Kinhill Engineers, Adelaide. 

Kinhill 1993 Tanami Highway to Papunya and Kintore proposed optical fibre link 
environmental assessment. Unpublished report, Kinhill Engineers, Adelaide. 

Kinhill 1995 Morriset forestry EIS and assessment of Aboriginal archaeological 
sites. Unpublished report, Kinhill Engineers, Canberra. 

Kinhill 1997 Archaeological assessment of the proposed Port Augusta to Olympic 
Dam 275kV transmission line route. Unpublished report, Kinhill Engineers, 
Canberra. 

369 



Kintigh, K.W. 1989 Sample size, significance, and measures of diversity. In .R.D. 
Leonard and G.T. Jones (eds.) Quantifying Diversity in Archaeology. pp. 25-
36. Cambridge: Cambridge University Press. 

Kroll, E.M. 1994 Behavioral implications of Plio-Pleistocene archaeological site 
structure. Journal of Human Evolution 27:107-138. 

Latz, P. 1995 Bush.fires and bushtucker: Aboriginal plant use in central Australia. 
Alice Springs: Institute for Aboriginal Development. 

Latz, P. and Griffin, G.F. 1978 Changes in Aboriginal land management in relation 
to fire and to food plants in central Australia. In B.S. Hetzel and H.J. Frith 
(eds.) The Nutrition of Aborigines in Relation to the Ecosystem of Central 
Australia. pp. 76-85. Melbourne: CSIRO. 

Laut, P., Firth, D. and Paine, T.A. 1980 Provisional environmental regions of 
Australia: a working document towards a framework for Australian 
environmental statistics (Volume 1: The Regions). Canberra: CSIRO. 

Lourandos, H. 1997 Continent of hunter gatherers: new perspectives in Australian 
prehistory. Melbourne: Cambridge University Press. 

McCarthy, F.D. 1976AustralianAboriginal Stone Implements. Sydney: Australian 
Museum Trust. 

McConvell, P. 1996 Backtracking to Babel: the chronology of Pama-Nyungan 
expansion in Australia. Archaeology in Oceania 31: 125-134. 

McConvell, P and Laughren, M. 1996 Where did the Western Desert language come 
from? Paper prepared for the Western Desert Origins workshop, Australian 
Linguistic Institute, Canberra. 

McDonald, R.C., Isbell, R.F., Speight, J.C., Walker, J. and Hopkins, M.S. 1984 
Australian soil and land survey field handbook. Melbourne: Inkata Press. 

McNerney, M.J. 1987 Crab Orchard core technology at the Consol site, Jackson 
County, Illinois. In J.K. Johnson and C.A. Morrow (eds.) The Organisation 
of Core Technology. pp.63-85. Boulder: Westview Press. 

Mabbutt, J.A. 1977 Desert landforms. Canberra: Australian National University. 

Mabbutt, J.A. 1983 The physical inheritance. In G. Crook (ed.) Man in the Centre: 
Proceedings of a Symposium Held at CSIRO Alice Springs, 3-5 April 1979. 
pp. 1-25. Melbourne: CSIRO. 

Mabbutt, J.A. and Sullivan, M.E. 1968 The formation of the longitudinal dunes: 
evidence from the Simpson Desert. The Australian Geographer 10:483-87. 

370 



Mellars, P. 1970 Some comments on the notion of functional variability in stone tool 
assemblages. World Archaeology 2:74-89. 

Morton, S.R. 1990 Comments. Archaeology in Oceania 25:57-58. 

Moser, S. 1996 Science, stratigraphy and the deep sequence: excavation vs regional 
survey and the question of gendered practice in archaeology. Antiquity 
70:812-23. 

Mowat, F. and Richardson, N. 1997 Computerisation of the Archaeological Sites 
Register Museum and Art Gallery of the Northern Territory. Paper prepared 
for the Australian Archaeological Association Conference, Boambee Bay. 

Mulvaney, D.J. 1969 The prehistory of Australia. Thames and Hudson: London. 

Mulvaney, D.J 1989 Encounters in place: outsiders and Aboriginal Australians 
1606-1985. St Lucia: University of Queensland Press. 

Mulvaney, K.J. 1997 More than a chip off the old block. Unpublished MA thesis, 
Northern Territory University. 

Myers, F .R. 1986 Pintupi country, Pintupi self: sentiment, place and politics among 
Western Desert Aborigines. Washington: Smithsonian Institution Press. 

Nanson, G.C., Chen, X.Y. and Price, D.M. 1995 Aeolian and fluvial evidence of 
changing climate and wind patterns during the past 1 00 ka in the western 
Simpson Desert, Australia. Palaeogeography, Palaeoclimatology, 
Palaeoecology 113:87-102. 

Napton, L.K. and Greathouse, E.A. 1985 Archaeological investigations at Pine Gap 
(Kuyunba), Northern Territory. Australian Archaeology 20: 90-108. 

Napton, L. and Greathouse, E. 1996 Archaeological investigations in the Simpson 
Desert, Northern Territory. In P. Veth and P. Hiscock (eds.) Archaeology of 
Northern Australia: Regional Perspectives. pp. 106-36. Tempus Volume 4. 
St Lucia: University of Queensland. 

Newsome, A.E., Nicholls, N. and Hobbs, T.J. 1996. The uncertain climate and its 
effects on biota. In S.R. Morton and D.J. Mulvaney (eds.) Exploring Central 
Australia: Society, the Environment and the 1894 Horn Expedition. pp. 387-
304. Sydney: Surrey, Beatty and Sons. 

O'Connell, J.F. 1974 Spoons, knives and scrapers: the function ofYilugwa in central 
Australia. Mankind 9: 189-94. 

O'Connell, J.F 1977 Aspects of variation in central Australian lithic assemblages in 
R.V.S. Wright (ed.) Stone Tools as Cultural Markers: Change, Evolution, 

371 



and Complexity. pp. 269-281. Canberra: Australian Institute of Aboriginal 
Studies. 

O'Connell, J.F. 1987 Alyawara site structure and its archaeological implications. 
American Antiquity 52:74-108. 

O'Connell, J.F and Allen, J. 1995 Human reactions to the Pleistocene-Holocene 
transition in Greater Australia: a summary. In J. Allen and J.F. O'Connell 
(eds.) Transitions: Pleistocene to Holocene in Australia and Papua New 
Guinea. pp. 855-862. Antiquity 69, Special Number 265. 

Odell, G.H. 1980 Toward a more behavioural approach to archaeological lithic 
concentrations. American Antiquity 45:404-431. 

Patterson, L. W. 1983 Criteria for determining the attributes of man-made lithics. 
Journal of Field Archaeology 10:297-307. 

Patton, P.C., Pickup, G. and Price, D.M. 1993 Holocene palaeofloods of the Ross 
River, Central Australia. Quaternary Research 40:201-212. 

Perry, R.A. 1978 Climate and landforms in central Australia. In B.S. Hetzel and H.J. 
Frith (eds.) The Nutrition of Aborigines in Relation to the Ecosystem ofCentral 
Australia. pp. 73-75. Melbourne: CSIRO. 

Perry, R.A., Mabbutt, J.A., Litchfield, W.H. and Quinlan, T. 1962 Land systems of 
the Alice Springs area. In Perry, R.A. ( ed.) General Report on Lands of the 
Alice Springs Area, Northern Territory, 1956-57. pp. 20-108. Melbourne: 
CSIRO. 

Peterson, N. and Long, J. 1986 Australian territorial organisation: a band 
perspective. Oceania Monograph Number 30. Sydney: University of Sydney. 

Pickering, M. 1994 The physical landscape as a social landscape: a Garawa example. 
Archaeology in Oceania 29: 149-161. 

Pickup, G. 1985 The erosion cell- a geomorphic approach to landscape classification 
in range assessment. Australian Rangeland Journal7:114-21. 

Pickup, G. 1991 Event frequency and landscape stability on the floodplain systems 
of arid central Australia. Quaternary Science Reviews 10:463-473. 

Pickup, G. and Allan, G. 1988 History, Palaeochannels and Palaeofloods of the 
Finke River, central Australia In R.F. Warner (ed.) Fluvial Geomorphology 
of Australia: pp. 177-200. Sydney: Academic Press. 

Pilgram, T. 1987 Predicting archaeological sites from environmental variables: a 
mathematical model for the Sierra Nevada foothills, California. British 
Archaeological Reports Series Number 320. 

372 



Plog, S. 1976 Relative efficiencies of sampling techniques for archaeological 
surveys. In Flannery, K.V. (ed.) The Early Mesoamerican Village. pp. 136-
141. New York: Academic Press. 

Plog, S. 1986 Chronology and cultural history. InS. Plog (ed.) Spatial Organisation 
and Exchange: Archaeological Survey on Northern Black Mesa. pp. 50-86. 
Carbondale: Southern Illinois University Press. 

Plog, S., Plog, F. and Wait, W. 1978 Decision-making in modem surveys. In M.B. 
Schiffer ( ed.) Advances in Archaeological Method and Theory 1 :3 83-421. 

Popper, K.R. 1959 The logic of scientific discovery. New York: Basic Books. 

Prentiss, W.C and Romanski, E.J. 1989 Experimental evaluation of Sullivan and 
Rozen's debitage typology. In D.S. Amick and R.P. Maudlin (eds.) 
Experiments in Lithic Technology. pp. 89-116. British Archaeological 
Reports International Series Number 528. 

Read, D.W. 1979 Regional sampling. In J.W. Mueller (ed.) Sampling in 
Archaeology. pp. 45-60. Tucson: University of Arizona Press. 

Renfrew, C. and Bahn, P. 1991 Archaeology: theories, methods and practice. 
London: Thames and Hudson. 

Richardson, N. 1992 Conjoin sets and stratigraphic integrity in a sandstone shelter: 
Kenniff Cave (Queensland, Australia). Antiquity 66: 408-18. 

Rick, J.W. 1987 Dates as data: an examination of the Peruvian preceramic 
radiocarbon record. American Antiquity 52:55-73. 

Robins, R.P. 1993 Archaeology and the Currawinya Lakes: towards a prehistory of 
the arid lands of southwest Queensland. Unpublished PhD thesis, Griffith 
University. 

Rolland, N .R. and Dibble, H.L. 1990 A new synthesis of middle Palaeolithic 
variability. American Antiquity 55:480-499. 

Ross, A., Donnelly, T. and Wasson, R. 1992 The peopling of the arid-zone: human
environment interactions. In J. Dodson (ed.) The Naive Lands: Prehistory 
and Environmental Change in Australia and the Southwest Pacific. pp. 76-
114. Melbourne: Longman. 

Rossignol. J. 1992 Concepts, methods and theory building: a landscape approach. In 
J. Rossignol and L. Wandsnider (eds.) Space, Time and Archaeological 
Landscapes. pp. 3-14. New York: Plenum. 

Roth, W.E. 1897 Ethnological studies among the Queensland Aborigines. Brisbane: 
Government Printer. 

373 



Roth, W.E. 1904 Domestic implements, arts, and manufactures. North Queensland 
Ethnography Bulletin Number 7. Brisbane: Government Printer. 

Rowland, M.J., Border, A. and Smith, J.R. 1994 Archaeological research and 
management: a biogeographical approach. Australian Archaeology 38:23-28. 

Sabloff, J.A 1981 Background. In J.A. Sabloff (ed.) Simulations in Archaeology. pp. 
3-9. Albuquerque: University ofNew Mexico Press. 

Saggers, S. 1982 Comparative analysis of adzes from Puntutjarpa Rockshelter and 
the James Range East site complex, Australia. Archaeology in Oceania 
17:122-126. 

Saggers, S. 1984. Materialism and archaeological experimentation: testing the exotic 
stones hypothesis in the central desert of Australia. Unpublished Phd thesis, 
Brown University, Providence. 

SARG 1974 SARG: a cooperative approach towards understanding the location of 
human settlement. World Archaeology 6:107-116. 

Schiffer, M.B 1972 Archaeological context and systemic context. American 
Antiquity 37:156-65. 

Schiffer, M.B 1976 Behavioural archaeology. New York: Academic Press. 

Schiffer, M.B 1983 Towards the identification of formation processes. American 
Antiquity 48:675-706. 

Schlanger, S.H. 1992. Recognising persistent places in Anasazi settlement systems. 
In. J. Rossignol and L. Wandsnider (eds.) Space, Time and Archaeological 
Landscapes. pp. 91-112. New York: Plenum Press. 

Shaw, K. and Bastin, G. n.d. Land systems and pasture lands of the southern Alice 
Springs district. Northern Territory Department of Primary Industry and 
Fisheries Technical Bulletin Number 136. 

Shennan, S. 1990 Quantifying archaeology. Edinburgh: Edinburgh University Press. 

Shott, M.J. 1994 Size and form in the analysis of flake debris: review and recent 
approaches. Journal of Archaeological Method and Theory 1 :69-110. 

Silberbauer, G.B. 1981 Hunter and habitat in the central Kalahari Desert. 
Cambridge: Cambridge University Press. 

Singh, G. 1981 Late Quaternary pollen records and seasonal palaeoclimates of Lake 
Frome, South Australia. Hydrobiolgia 82:419-30. 

374 



Slayter, R.O. 1962 Climate of the Alice Springs Area. In Perry, R.A. (ed.) General 
Report on Lands of the Alice Springs Area, Northern Territory, 1956-57. pp. 
109-28. Melbourne: CSIRO. 

Smith, M.A. 1983 Central Australia: preliminary archaeological investigations. 
Australian Archaeology 16:27-38. 

Smith, M.A. 1985 A morphological comparison of seedgrinding implements and 
Australian Pleistocene-age grindstones. The Beagle: Occasional Papers of 
the Northern Territory Museum of Arts and Sciences 2:23-38. 

Smith, M.A. 1986a The antiquity of seedgrinding in Arid Australia. Archaeology in 
Oceania 21: 29-39. 

Smith, M.A. 1986b A revised chronology for Intirtekwerle (James Range East) 
Rockshelter, central Australia. The Beagle: Occasional Papers of the 
Northern Territory Museum of Arts and Sciences 3: 60-74. 

Smith, M.A. 1988 The pattern and timing of prehistoric settlement in central 
Australia. Unpublished PhD thesis, University of New England. 

Smith, M.A. 1989 The case for a resident human population in the central Australian 
ranges during full glacial aridity. Archaeology in Oceania 24: 93-105. 

Smith, M.A. 1993 Biogeography, human ecology and prehistory in the sandridge 
deserts. Australian Archaeology 37:35-50. 

Smith, M.A. 1996 Prehistory and human ecology m central Australia: an 
archaeological perspective. In S.R. Morton and D.J Mulvaney (eds.) 
Exploring Central Australia: Society, the Environment and the 1894 Horn 
Expedition. pp. 61-73. Sydney: Surrey, Beatty and Sons. 

Smith, M.A., Cundy, B., Baker, R. and Chaloupka, E. 1983 Mereenie Oil and Gas 
Field: preliminary archaeological report. Unpublished report, Museums and 
Art Galleries of the Northern Territory, Darwin. 

Smith, M.A. and Cundy, B.J. 1985 Distribution maps for flaked stone points and 
backed blades in the Northern Territory. Australian Aboriginal Studies 2:31-
37. 

Smith, M.A. and Rosenfeld, A. 1992 Archaeological sites in Watarrka National Park: 
the northern sector of the plateau. Unpublished report to the Northern 
Territory Conservation Commission. 

Smith, M.A., Prescott, J.R. and Head, M.J. 1997 Comparison of 14C and 
luminescence chronologies at Puri~arra Rock Shelter, central Australia 
Quaternary Geochronology 16:299-320. 

375 



Speight, J.G. 1988 Land classification. In R.H Gunn, J.A. Beattie, R.E. Reid and 
R.H.M. van de Graaf ( eds.) Australian Soil and Land Survey Book: 
Guidelines for Conducting Surveys. pp. 38-59. Melbourne: Inkata Press. 

Spencer, W.B. and F.J. Gillen. 1899 The native tribes of central Australia. London: 
Macmillan. 

Spencer, W.B. and F.J. Gillen. 1904 The northern tribes of central Australia. 
London: Macmillan. 

Spencer, W.B. and F.J. Gillen. 1927 The Arunta (Volume II). London: Macmillan. 

Spurling, B. and Hayden, B. 1984 Ethnoarchaeology and intrasite spatial analysis: a 
case study from the Australian Western Desert. In H. Hietala (ed.) Intrasite 
spatial analysis in archaeology. pp. 224-41. Cambridge: Cambridge 
University Press. 

Stace, H.C.T., Hubble, G.D., Brewer, R., Northcote, K.H., Sleeman, J.R., Mulcahy, 
M.J. and Hallsworth, E.G. 1972 A handbook of Australian soils. Glenside 
(SA): Rellim Technical Publications. 

Stafford, C.R. and Hajic, E.R. 1992landscape scale: geoenvironmental approaches to 
prehistoric settlement strategies. In J. Rossignol and L. Wandsnider (eds.) 
Space, Time and Archaeological Landscapes. pp. 137-61. New York: 
Plenum. 

Stafford Smith, D.M. and Morton, S.R. 1990 A framework for the ecology of arid 
Australia. Journal of Arid Environments 18:255-278. 

Stafford Smith, D.M. and Pickup, G. 1990 Pattern and production in arid lands. 
Proceedings of the Ecological Society of Australia 16:195-200. 

Stark, B.L. and Young, D.L. 1981 Linear nearest neighbour analysis. American 
Antiquity 46:284-300. 

Stein, J. 1987 Deposits for archaeologists. In M.B. Schiffer (ed.) Advances in 
Archaeological Method and Theory 11:337-395. 

Stern, N. 1994 The implications of time-averaging for reconstructing the land-use 
patterns of early tool-using hominids. Journal of Human Evolution 27:89-
105. 

Stockton, E.D. 1971 Investigations at Santa Teresa, central Australia. Archaeology 
and Physical Anthropology in Oceania 6:44-61. 

Strauss, A. and Corbin, J. 1996 Grounded theory in practice. Thousand Oaks (CA): 
Sage. 

376 



Strehlow, T.G.H. 1965 Culture, social structure and environment. In R.M. and C. 
Berndt (eds.) Aboriginal Man in Australia. pp. 121-45. Sydney: Angus and 
Robertson. 

Strehlow, T.G.H. 1970 Geography and the totemic landscape in central Australia: A 
functional study. In R.M. Berndt (ed.) Australian Aboriginal Anthropology. 
pp. 92-140. Nedlands: University of Western Australia Press. 

Stuiver, M. and Reimer, P.J. 1993 Extended 14C data base and revised CALIB 3.0 
14C age calibration program. Radiocarbon 35:215-230. 

Sullivan, A.P. 1992 Investigating the archaeological consequences of short-duration 
occupations. American Antiquity 57:99-115. 

Sullivan, A.P. and Rozen, K.C. 1985 Debitage analysis and archaeological 
interpretation. American Antiquity 50:755-779. 

Sullivan, M. and Cannent, D. 1992 Cultural heritage conservation in the Northern 
Territory. Discussion Paper Number 10, Australian National University, 
North Australia Research Unit, Darwin. 

Sundstrom, L. 1993 A simple mathematical procedure for estimating the adequacy of 
site survey strategies. Journal of Field Archaeology 20:91-96. 

Swadling, P. and Hope, G. 1992 Environmental change in New Guinea since human 
settlement. In J. Dodson (ed.) The Naive Lands: Prehistory and 
Environmental Change in Australia and the Southwest Pacific. pp. 13-42. 
Melbourne: Longman. · 

Tacon, P.S.C. 1994 Socialising landscapes: the long term implications of signs, 
symbols and marks on the land. Archaeology in Oceania 29:117-29. 

Thackway, R and Cresswell, I.D. 1994 Toward an interim biogeographic 
regionalisation for Australia: A framework for setting priorities in the 
National Reserve System Cooperative Program. Unpublished proceedings of 
a technical meeting held in Adelaide at the South Australian Department of 
Environment and Natural Resources, Adelaide. 

Thorn, B.G. 1992 Environmental change in the late Quaternary. In J. Dodson (ed.) 
The Naive Lands: Prehistory and Environmental Change in Australia and the 
Southwest Pacific. pp. 9-12. Melbourne: Longman. 

Thomas, D.H. 1973 An empirical test for Steward's model of Great Basin settlement 
patterns. American Antiquity 38:155-176. 

Thomas, D.H. 1979 Nonsite sampling in archaeology: Up the creek without a site? In 
J.W. Mueller (ed.) Sampling in Archaeology. pp. 61-81. Tucson: University 
of Arizona Press. 

377 



Thomas, D.H. 1989 Diversity in hunter-gatherer cultural geography. In R.D. Leonard 
and G.T. Jones (eds.) Quantifying Diversity in Archaeology. pp. 85-91. 
Cambridge: Cambridge University Press. 

Thompson, R.B. 1991 A guide to the geology and landforms of central Australia. 
Alice Springs: Government Printing Office. 

Thorley, P. 1991 A report of an archaeological survey of the central Australian roads 
program (1990/91). Unpublished report, Centre for Prehistory, University of 
Western Australia. 

Thorley, P. 1993 Watarrka-Mereenie Road: Archaeological Report. Unpublished 
report to the Central Land Council, Alice Springs. 

Thorley, P.B. 1998. Pleistocene settlement in the Australian arid zone: occupation of 
an inland riverine landscape in the central Australian ranges. Antiquity 72:34-
45. 

Thorley P., Warren L. and Veth P. 1994 Wardaman point technology: an 
examination of sites recorded during CRM investigations in the Victoria 
River region, NT. In M. Sullivan, S. Brockwell and A. Webb (eds.) 
Archaeology in the North: Proceedings of the 1993 Australian 
Archaeological Association Conference. pp. 57-71. Darwin: Australian 
National University, Northern Australian Research Unit. 

Thorley, P.B. and Gunn, R.G. 1996 Archaeological research from the eastern border 
lands of the Western Desert. Paper prepared for the Western Desert Origins 
workshop, Australian Linguistic Institute, Canberra 

Thorpe, W.W. 1932 Hands and hand marks. Mankind 5:104-106. 

Tindale, N.B. 1935 Initiation among the Pitjandjara natives of the Mann and 
Tomkinson Ranges in South Australia Oceania 6:199-225. 

Tindale, N.B. 1965 Stone implement making among the Nakako, Ngadadjara and 
Pitjandjara of the Great Western Desert. Records of the South Australian 
Museum 15:131-64. 

Tixier, J. 1974 Glossary for the description of stone tools. Newsletter of Lithic 
Technology Special Publication Nwnber 1. Pullman: Washington State 
University. 

Tonkinson, R. 1991 The Martu Aborigines: living the dream in Australia's desert. 
(second edition). Fort Worth (TX): Holt, Rinehart and Winston. 

Torrence, R. 1989 Retooling: towards a behavioural theory of stone tools. In R. 
Torrence (ed.) Time, Energy and Stone Tools. pp. 57-66. Cambridge: 
Cambridge University Press. 

378 



Ulm, S. and Hall, J. 1996 Radiocarbon and cultural chronologies in southeast 
Queensland prehistory. In S. Ulm, I. Lilley and A. Ross (eds.) Australian 
Archaeology '95: Proceedings of the 1995 Australian Archaeological 
Association Conference. Tempus Volume 6. pp. 45-62. St Lucia: University 
of Queensland. 

van Huet, S., Grun, R., Murray Wallace, C.V., Redvers-Newton, N. and White, J.P. 
1998 Age of the Lancefield megafauna; a reappraisal. Australian 
Archaeology 46:5-11. 

Veth, P. 1989. Islands in the interior: a model for the colonization of Australia's arid 
zone, Archaeology in Oceania 24: 81-92. 

Veth, P.M. 1993 Islands in the interior: the dynamics of prehistoric adaptations 
within the arid zone of Australia. International Monographs in Prehistory, 
Archaeological Series Number 3. Ann Arbor: University of Michigan. 

Veth, P.M. 1995a Marginal returns and fringe benefits: characterising the prehistory 
of the lowland deserts of Australia Australian Archaeology 40:32-38. 

Veth, P.M. 1995b The prehistory of the sandy deserts and the role of statistics. 
Archaeology in Oceania 95:135-136. 

Veth, P.M. and Hiscock, P. (eds.) 1996 Archaeology of northern Australia: regional 
perspectives. Tempus Volume 4. St Lucia: University of Queensland. 

Wandsnider, L. 1992 The spatial dimension of time. In J. Rossignol and L. 
Wandsnider (eds.) Space, Time and Archaeological Landscapes. pp. 257-282. 
New York: Plenum. 

Wandsnider, L. and Camilli, E.L. 1992 The character of surface archaeological 
deposits and its influence on survey accuracy. Journal of Field Archaeology 
19:169-88. 

Waters, M.R. 1991 The geoarchaeology of gullies and Arroyos in southern Arizona 
Journal of Field Archaeology 18:141-159. 

Watson, P.J. 1995 Archaeology, anthropology and the culture concept. American 
Anthropologist 97:683-694. 

Webster, J. 1982 Faunal analysis and the James Range East site. Unpublished BA 
(Hons.) thesis, University of Sydney. 

Wells, L.A. 1990 Holocene history of the El Nino phenomenon as recorded in flood 
sediments of northern coastal Peru. Geology 18:1134-37. 

Westman, W.E. 1971 Mathematical models of contagion and their relation to density 
and basal area sampling techniques. In G.P. Patil, E.C. Pielou and W.E. 

379 



Waters (Eds.) Statistical Ecology. pp. 515-536. University Park: 
Pennsylvania University Press. 

White, J.P. and O'Connell, J.F. 1982. A prehistory of Australia, New Guinea and 
Sahul. Sydney: Academic Press. 

White, J.P. and Flannery, T. 1995 Late Pleistocene fauna at Spring Creek, Victoria: a 
re-evaluation. Australian Archaeology 40:13-17. 

Williams, G.E. 1970 The central Australian stream floods of February-March 1967. 
Journal of Hydrology 11: 185-200. 

Williams, G.E. 1971 Flood deposits of the sand-bed ephemeral streams of central 
Australia. Sedimentology 17:1-40. 

Williams, L., Thomas, D.H. and Bettinger R. 1973 Notions to numbers: Great Basin 
settlements as polythetic sets. In C.L. Redman (ed.) Research and Theory in 
Current Archaeology. pp. 215-237. New York: Wiley. 

Wilson, B.A., Brocklehurt, P.S., Clark, M.J. and Dickinson, K.J.M. 1990 Vegetation 
survey of the Northern Territory. Technical Report Number 49, Conservation 
Commission of the Northern Territory, Palmerston. 

Wilson, E.O. 1980 Sociobiology (abridged edition). Cambridge (MA): Harvard 
University Press. 

Wilson, S.M. and Melnick, D.J. 1990 Modelling randomness in locational 
archaeology. Journal of Archaeological Science 17:403-412. 

Witter, D. 1977 Survey methods and Victorian Archaeology. Records of the 
Victorian Archaeological Survey 4:80-102. 

Witter, D. 1990 Regions and resources. Unpublished PhD thesis, Australian National 
University, Canberra. 

Wright, R.V.S. (ed.) 1977 Stone tools as cultural markers: change, evolution, and 
complexity. Canberra: Australian Institute of Aboriginal Studies. 

Yellen, J.E. 1977 Archaeological approaches to the present: models for 
reconstructing the past. New York: Academic Press. 

Yellen, J.E. 1986 Optimisation and risk in human foraging strategies. Journal of 
Human Evolution 15:733-50. 

Zvelebil, M., Green, S.W. and Macklin, M.G. 1992 Archaeological landscapes, lithic 
scatters and human behaviour. In J. Rossignol and L. Wandsnider (eds.) 
Space, Time and Archaeological Landscapes. pp. 193-226. New York: 
Plenum. 

380 



Appendix 1: Grain size distribution of bulk sediment samples. 

Nested sieve residues 

Total 1mm 0.5mm 0.25mm >0.25mm 
Site Sample gml gm % gm % gm% gm% 

Kulpi Mara R. A4 91.4 0.6 0.7 6.3 6.9 20.2 22.1 64.3 70.4 

A12 75.3 0.2 0.3 7.3 9.7 21.7 28.8 46.1 61.2 

A19 55.4 0.2 0.4 5.1 9.2 19.1 25.4 31.0 56.0 

A24 99.9 0.3 0.3 6.6 6.6 24.3 24.3 68.7 68.8 

C22 "indurated" 85.3 0.1 0.1 9.5 11.1 24.5 28.7 51.2 60.0 

C22 "soft" 67.3 0.3 0.4 10.4 15.4 17.6 26.1 39.0 57.9 

Kulpi Mara 0. A1 58.1 0.2 0.3 4.9 18.6 10.8 18.6 42.2 72.6 

AS 71.9 0.1 0.1 5.3 7.4 12.3 17.1 54.2 75.4 

A12 72.0 0.1 0.1 3.8 5.3 10.5 14.6 57.6 80.0 

A16 55.5 0.2 0.4 3.3 5.9 8.7 15.7 43.3 78.0 

lrtikiri R. A3 108.5 0.3 0.3 1.9 1.8 10.0 9.2 96.3 88.8 

A9 "dark" 76.6 0.1 0.1 1.9 2.5 8.5 11.1 66.1 86.3 

A9 "orange" 59.9 0.2 0.3 1.1 1.8 6.6 11.0 52.0 86.8 

A16 51.6 0.3 0.6 1.9 3.6 6.9 13.4 42.5 82.4 

Ilarari 19 R. AI 66.3 2.0 3.0 17.2 25.9 17.2 25.9 29.9 45.1 

AS 50.9 0.7 1.4 7.7 15.2 11.0 21.6 31.5 61.9 

A 7 "kaolinitic" 50.9 0.3 0.6 3.5 6.9 7.2 14.1 39.9 78.4 

A8 "orange" 86.0 1.2 1.4 7.6 8.8 11.3 13.1 65.9 76.6 

A12 70.1 1.9 2.7 4.8 6.8 8.3 11.8 55.1 78.6 

Al5 52.3 1.6 1.1 2.4 4.6 5.1 9.8 44.2 84.5 

Al6 66.3 2.9 4.4 5.1 7.7 8.1 12.2 50.2 75.7 

AmnguR. A3 74.4 1.3 1.7 3.4 4.6 18.4 24.8 51.3 69.0 

A10 58.3 1.2 2.1 3.0 5.1 12.7 21.8 41.4 71.0 

Al3 54.6 1.4 2.6 2.5 4.6 11.6 21.2 39.1 71.6 

Al4 70.8 1.8 2.5 3.3 4.7 15.1 21.3 50.6 71.5 

l. dry weight. 

381 


