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QUARTZ, THE MULTIFACETED STONE: A REGIONAL PREHISTORY 
OF THE HELENA RIVER VALLEY ON THE SWAN COASTAL PLAIN 

OF SOUTHWESTERN AUSTRALIA. 

ABSTRACT 

Quartz technology is the bane of many an archaeologist 

and is often neglected as a primary source of information 

in prehistoric investigations. Quartz was the main stone 

used in tool manufacture in many parts of the world, 

including Australia and particularly southwestern 

Australia. This thesis uses quartz technology, 

specifically the flake debitage component, to investigate 

problems of interpreting assemblages in the absence of 

stratigraphic controls or other chronological markers, 

and to determine technological change over 40,000 years 

in the Helena River Valley, on the Swan Coastal Plain of 

southwestern Australia. 

Assemblages from twelve excavations on the Swan 

Coastal Plain were used in the debitage analysis; four of 

these assemblages were undated. First a classification 

system was developed to categorize the assemblages. In 

addition, a binocular microscope was used for the 

categorization of individual pieces and for the 

identification of edge damage. Measurements were taken 
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of flake and platform size and flake shape and then 

statistically described. A broad chronological framework 

was proposed, based on the dated assemblages, to enable 

comparison of debitage within and between sites and areas 

on the Swan Coastal Plain. 

The results of the debitage analysis established its 

usefulness in distinguishing very recent post-3000 BP 

sites from older sites in the absence of chronological 

markers or stratigraphic controls. In addition, the 

analysis demonstrated technological change over 40,000 

years. The examination of edge-damaged pieces in 

conjunction with the debitage analysis corroborated this 

change. 

While the analysis did not solve all the problems 

associated with the regional prehistory of the Helena 

River Valley, it did suggest other avenues for further 

research. Additionally the debitage analysis should 

prove particularly important in the future investigation 

of surface scatters with a high quartz component. 
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CHAPTER 1. 

INTRODUCTION: A FRAME OF REFERENCE 

This thesis investigates quartz technology, 

specifically the debitage component, to resolve problems 

of assemblage interpretation in the absence of 

chrono-stratigraphic controls. Specifically, it seeks to 

determine the nature of technological change over 40,000 

years in the Helena River Valley, on the Swan Coastal 

Plain of southwestern Australia. 

In comparison to regions to the north and 

east, the southwestern corner of Australia is distinctive 

in terms of its vegetation, climate, geology and 

indigenous population. The specific research area of the 

Helena River Valley comprises only a small part of this 

wider region, and therefore cannot be considered as an 

entity unto itself, but as part of the wider region of 

the Swan Coastal Plain and the Australian southwest. 

This wider region is archaeologically distinctive. 

It contains some of Australia's oldest sites and also 

appears to differ in terms of its stone artefact 

sequences (Dortch and McArthur 1985; Pearce and Barbetti 

1981). Archaeologists have begun to realize that the 
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distinction between older and younger industries is not 

as sharp as once thought, and that variations in 

technology exist not only between regions, but within 

them (e.g. Campbell 1984; O'Connell 1977; Veth 1987). 

Systematic research in the southwestern region of 

Australia began in early 1970 with Hallam's (1972, 1974) 

excavations at Orchestra Shell and Frieze Caves and 

Dortch's (1975a) excavations at Devil's Lair. Orchestra 

Shell Cave is located about 32 km north of Perth on the 

Swan Coastal Plain in an area of aeolian limestone, while 

Frieze Cave is located inland on the Darling Plateau 

approximately 80 km east of Perth (Figure 1-1). Owing to 

the small number of artefacts and the presence of art 

at both sites, Hallam (1972:15-16) proposed that they 

were used for ritual purposes. Devil's Lair, a cave 

formed in dune limestone, is located in the extreme 

southwest corner of the state (Figure 1-1). The cave was 

used as a shelter by both humans and animals for 

thousands of years, and has yielded a great deal of 

information from its extensive deposit. 

This early work established patterns of research that 

Hallam and Dortch have followed during the last ten 

years. Hallam's interests have been directed towards 

Aboriginal settlement and land and resource use on the 

Swan Coastal Plain, primarily through archaeological 

survey and ethnohistorical research (Hallam 1975, 1977, 
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1978, 1987a). Dortch's research has centred principally 

on the lower southwest corner and on the northwest of the 

state. He has investigated both coastal and inland areas 

through archaeological surveys and excavations (Bindon 

and Dortch 1982; Clarke and Dortch 1977; Dortch 1977, 

1979, 1986a). During the past decade, Hallam, Dortch and 

others (Anderson 1984; Bird 1985; Ferguson 1985; Pearce 

1979; Schwede 1983c; Smith 1982) have contributed 

considerably to our present understanding of the 

prehistory of southwestern Australia, and in particular, 

the Swan Coastal Plain. 

BACKGROUND TO INVESTIGATION 

Early Research on the Swan Coastal Plain 

In the early 1970s Hallam (1972) proposed a four-phase 

system to classify 143 surface sites she had located on 

the Swan Coastal Plain. The phase system was based on 

the presence or absence of certain lithological and 

typological characteristics. The four phases are as 

follows: 

Early characterized by the presence of fossiliferous 
chert; 

Middle characterized by the presence of backed blades; 

Late characterized by amorphous quartz pieces and 
chips; and 
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Final characterized by the presence of European 
materials, especially glass. 

Hallam tentatively dated these surface sites on the basis 

of her excavations at Orchestra Shell and Frieze Caves 

and on the lithological content of surface assemblages. 

She proposed (1972:17) in her dating scheme that: 

...the early phase in surface assemblages, devoid of 
backed blades, and with a high proportion of 
scrapers, and much fossiliferous chert, to before 
3,000 years ago, and probably much more [Hallam 
proposed dates of 15,000 to 4000 BP, 1972:15]. The 
early middle phase when backed blades come into 
essentially early-type assemblages with chert still 
abundantly available, should perhaps start as early as 
5000 B.P., as a wide coastal strip was lost to the 
sea; while the later middle, varied in lithology and 
typology on the most-used sites... Late sites with 
very high quartz percentages, and abundant chips, 
include camping sites known to early European settlers 
• • • 

The preceding statement lacks precision, but little 

research had been done up to that time. It was not until 

Pearce's (1977,1978) excavations at Walyunga that a firm 

sequence with dates could be developed, incorporating the 

appearance of backed tools and the use of fossiliferous 

chert. Walyunga is an open dune site located in the 

foothills of the Darling Scarp about 38 km northeast of 

Perth (Figure 1-1). In addition, geological research 

undertaken by Glover during this period (1975a, 1975b, 

1976) on sources of lithic material, especially 

fossiliferous chert, supported Hallam's phases to some 

degree. 

In the dated stratified dune sequence at Walyunga, 

Pearce (1979:168-178) noted the presence of backed blades 
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or tools at 3220+100 BP (SUA 508) along with flat adzes 

dated between 4560 and 3220 BP. He concluded that this 

Small Tool assemblage appeared on the Swan Coastal Plain 

about 4000 BP. He also observed that there was an 

increase in bipolar pieces from 4600 BP and that scrapers 

were distributed throughout the Walyunga sequence, which 

had a basal date of 8000 BP. (It should be noted that 

Pearce used the terms backed tools rather than backed 

blades, as the former were made on flakes and lacked the 

blade attribute of flake length being twice the flake 

width. ) 

Pearce (1979) also investigated the small tool 

component from known sites throughout Western Australia, 

excluding the Kimberley region, and concluded that though 

there was regional variation within Western Australia, 

backed tools probably spread from the southeast of 

Australia to the west. Flat adzes were recorded from 

sites which contained backed tools in Western Australia, 

but comparisons could not be made with assemblages from 

the eastern states as such adzes were not recorded there; 

Pearce felt this resulted from differences in 

classification. The number of microscrapers from Western 

Australia was too small for comparisons with those from 

other Australian sites. This category included various 

small scrapers and other pieces with adze-like edge 

damage used as woodworking tools (Pearce 1979:6-13). Thus 
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backed tools were accepted as a chronological marker for 

dating surface assemblages on the Swan Coastal Plain. 

On the basis of the excavations at Walyunga, Pearce 

(1977) was also able to date the time when fossiliferous 

chert ceased to be used to 4700+215 BP (SUA 644). Hallam 

(1972) had suggested that high proportions of quartz were 

apparent in sites to the east near the source of this 

material in the Darling Scarp, but that the source for 

fossiliferous chert was westward, which would account for 

its greater abundance in surface assemblages near the 

coast. In 1971, Glover and Cockbain-(1971) noted that 

fossiliferous chert was of Eocene age, on the basis of 

the bryozoa within it. It was not until 1975 that 

possible sources of this material were confirmed from 

well drillings on the continental shelf, where Eocene 

limestone was found more than 60 km west of Mandurah 

(Figure 1-1) (Glover 1975a; Quilty 1978). This suggested 

that the source of the material was probably submerged by 

rising sea levels which attained their present level 

about 5000 years ago (Churchill 1959) or 6000 years ago 

(Thorn and Chappell 1975). 

The earliest documented use of fossiliferous chert 

on the Swan Coastal Plain was recorded as 9930+130 BP 

(SUA 454) by Clarke and Dortch (1977) from an excavation 

at Minim Cove, 12 km southwest of Perth (Figure 1-1). 

This site, located in sand overlying limestone, contained 
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only 16 artefacts, 14 of which were fossiliferous chert. 

All artefacts were located below the charcoal, suggesting 

that the artefacts were older than the dated sample 

(Clarke and Dortch 1977:37). 

The dates from Minim Cove and Walyunga gave credence 

to Hallam's use of fossiliferous chert as a temporal 

marker for her Early Phase on the Swan Coastal Plain, at 

that time considered to extend from 10,000 BP to 4700+215 

BP, when the material ceased to be used at Walyunga. 

This evidence suggested that surface assemblages which 

contained fossiliferous chert were of early to mid-

Holocene antiquity . The actual cut-off date for its use 

was in dispute, however, if one accepted Glover's 

proposition that chert quarries were located off the 

present submerged coast. Determination of a date was 

dependent upon further research on the Holocene 

marine transgression off the Swan Coastal Plain. 

Furthermore, Pearce's research at Walyunga dated the 

beginning of Hallam's Middle Phase, which was 

characterized by backed tools, to around 4000 BP. As 

these tools were being manufactured after European 

contact, his research did nothing to elucidate the 

beginning of her Late Phase for surface sites. 

Excavations during the 1970s neither confirmed nor 

disproved Hallam's Late Phase. She discussed it 

(1972:13-15) as being characterized by high percentages 
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of 'amorphous' quartz associated with large amounts of 

debris, as well as by a greater number of sites (that is, 

an increase in site density and usage) compared to the 

previous phases, which she theorized could indicate a 

population increase. The Final Phase was characterized 

by the presence of post-contact material which was 

historically documented and thus confidently dated. It 

was during the late 1970s and early 1980s that I began my 

own research in the Helena River Valley. This research 

area is briefly discussed below. 

THE RESEARCH AREA 

Environmental and Historical Background 

Environment 

The Swan Coastal Plain and the Darling Plateau are 

physiographic regions which overlie the Perth Basin 

(Figure 1-1). The Perth Basin ranges from 80 to 175 km 

in width, and extends west offshore to the continental 

slope, and east to the Darling Scarp (Playford et al. 

1976:15-21). 
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The Swan Coastal Plain is made up of a variety of 

sediments. These include alluvia which have been 

deposited by rivers flowing through the Darling Plateau 

as well as aeolian sediments from the west. The latter 

comprise a series of dune systems formed during the 

Pleistocene and Holocene. The Quindalup Dunes are the 

most recent system, and form the present coast. The 

Bassendean Dunes are the oldest system, and along with 

the alluvial deposits of the Pinjarra Plain and Ridgehill 

Shelf, border the Darling Scarp (McArthur and Bettenay 

1974). These are the major geomorphic elements of the 

study area. Each dune system has characteristic 

vegetation which is dependent on sediment, drainage and 

topography (Cresswell and Bridgewater 1985). 

Climatically the area is characterized as 

Mediterranean, with hot dry summers and cool wet winters. 

Prevailing winds control the climate. February is 

usually the warmest month with little rainfall, while 

July is the coldest and wettest month (Gentilli 1972). 

Palaeoenvironmental data for the Swan Coastal Plain 

and southwestern Australia are sketchy. The few studies 

that have been done suggest that dry cool conditions 

existed over Australia's lower southwest during the late 

Pleistocene. During the early Holocene there was an 

increase in precipitation, and conditions became warmer 

(Merrilees 1979; Wyrwoll 1979). More recent research 
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indicates that the lower southwest had a variable sea 

level history during the Holocene, owing not only to 

hydro-isostatic and eustatic influences, but also to 

tectonic activity (Searle and Woods 1986; Semeniuk and 

Searle 1986). Semeniuk and Searle (1986) found that the 

Holocene sea level along the coastline of the Perth Basin 

was variable from about 7400 BP to 2800 BP. 

Interestingly, this variability differs markedly from 

other coastal areas in eastern and northeastern 

Australia, which do not show significant rises in sea 

level above present levels attained in the mid-Holocene 

(Thorn and Chappell 1975). Unfortunately, the sea-level 

research has not been co-ordinated with any 

palaeoenvironmental investigations. 

Early Settlement 

Visits from the seventeenth to the nineteenth 

centuries, first by the Dutch and later by the French, 

preceded the establishment of a colony on the Swan River 

by the British in 1829. Settlement began along the lower 

reaches of the river and its tributaries, then extended 

to other areas away from the coast and into the interior 

from 1830. 

During this early period, from 1829 to 1850, the 

colonists settled on land formerly occupied by the 

Aborigines, and relations with the indigenous population 
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were varied. Eventually, the Aborigines came to depend 

on the settlers for basic foodstuffs, and in exchange, 

often provided much needed labour for the small growing 

communities. One is able to glimpse what life was like 

for both the colonists and the colonized population from 

early governmental records, newspaper accounts and 

personal diaries ( e.g. Ogle 1977 and Moore 1978). 

Ethnohistory 

In the numerous documents kept by early observers, few 

details about the Aboriginal inhabitants of a particular 

region were described that are of specific relevance to 

the problems addressed in this thesis, especially in 

terms of the archaeological record. Where details do 

exist, there is often conflict between observers. This 

point must be stressed and kept in mind when interpreting 

any records written after contact. Furthermore, changes 

in Aboriginal culture were already well underway, having 

begun as soon as the colonists had settled on Aboriginal 

land. Thus, traditional Aboriginal culture and society 

are discussed in general terms because the displacement 

of Aborigines from the Swan Coastal Plain to marginal 

areas was rapid once settlement began. Further, a policy 

of Europeanization and containment (which consisted of 

Aborigines being sent to missions, reserves and prisons) 

was begun once it was realized that peaceful coexistence 

was an unrealistic proposition. 
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Today, those Aborigines living in the southwestern 

corner of Western Australia call themselves Nyungar, 

meaning man or person. In the past the Nyungar shared a 

common language, although they were divided into 

dialectal units or 'tribes'(Berndt 1980). As a group, 

they had similar customs and laws, such as the use of 

both matrilineal and patrilineal descent, and they did 

not practice male circumcision, thus differentiating 

themselves from their neighbours to the north and east 

(White 1985). 

The Aboriginal population of southwestern Australia 

was small, and consisted primarily of family groups, each 

with their own particular territory within which each 

member had individual food and hunting rights. 

Territorial divisions on the Swan Coastal Plain were 

associated with a particular family leader. For example, 

Lyon (1833) described three of these territorial 

divisions, Mooro, Beeliar and Beeloo. The Beeloo's 

territory was associated with the study area, the Helena 

River Valley. 

The basic economic unit was the family, with men 

hunting, and women and children collecting plant foods 

and hunting small game. Camps were moved in accordance 

with the availability of food, and lasted for periods 

varying from a night to a week. Movement depended on the 

size of the group's territory and their relations with 
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neighbouring groups. The reader is referred to Meagher 

(1973) for further discussion of the resources used by 

traditional Aborigines in southwestern Australia. 

Aboriginal material culture consisted primarily of 

what they carried from camp to camp, and included wooden 

spears, digging sticks, throwing sticks, shields, skins 

for clothing and bags, and stone tools. Most of these 

items are organic and did not survive as part of the 

archaeological record for southwestern Australia. What 

is left are the remnants of the stone tool kits. While 

early observers did not describe in detail the 

manufacture, function and use of these tools, their 

descriptions do provide the researcher with a glimpse of 

traditional Aboriginal society and economy. 

The above discussion presents the study area within 

the larger regional context of southwest Australia. 

Though general, it does provide a background to the 

archaeological record which presently exists on the Swan 

Coastal Plain. 

The Helena River Valley 

The Helena River Valley is located within the wider 

region of the Swan Coastal Plain and the Darling Plateau 

(Figure 1-1). The Swan Coastal Plain is situated within 
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the region Gentilli and Fairbridge (1951) defined as the 

Swan Coastal Belt, and runs north to south between the 

Hill River Scarp and the Dunsborough-Collie Scarp, and 

east to west between the coast and the Darling Scarp. 

Perth, the biggest and most industrialized city on 

Australia's west coast, lies within this region. This is 

advantageous to archaeological research because of the 

scientific investigations carried out for planning and 

resource management in a fast growing urban environment, 

and because of the number and variety of records kept 

since settlement in 1829. It is also disadvantageous, 

however, because urban and rural development has 

disturbed and changed the environment since colonization 

over 150 years ago. 

The Helena River Valley extends east to west, 

bisecting the Darling Plateau and the Swan Coastal Plain. 

It crosscuts a number of different landforms, geological 

features and vegetation units. The river begins with its 

headwaters near York and travels about 65 km 

west-northwest, where it becomes a tributary of the Swan 

River on the Swan Coastal Plain (Figure 1-1). 

The actual study area extends east to west for 

approximately 20 km, beginning just below Mundaring Weir 

on the western edge of the Darling Plateau (Figure 1-1). 

Here the Helena River cuts through the Darling Scarp to 

create a major valley unit known as the Helena. The 
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Helena unit is steep in parts, and the valley sides can 

be up to 200 m in height (Churchward and McArthur 

1980:29). Within the valley, the river is met by 

perennial and temporary streams usually flowing north 

or south. These, in turn, have created lesser valleys, 

some with gentle slopes and relief, which lie behind the 

steeper slopes of the Helena. In sum, the Helena River 

Valley is an environmentally diverse area that has been 

relatively undisturbed by urban development. 

Archaeological investigation of the Helena River 

Valley began in the late 1970s with the location of 

surface scatters by Hallam during her archaeological 

survey of the Swan Coastal Plain. In 1982 and 1983 I was 

contracted to excavate one of these surface sites, the 

Helena River site, prior to road and bridge building on 

the alluvial banks of the lower Helena River. The 

results of these excavations raised a number of 

problematic issues which did not conform to the 

chronological phases Hallam had devised. These issues, 

which form the basis of this thesis, included 

interpretation of sites and their assemblages, 

terminology, dating and the nature and direction 

of current research. 

The Helena River site was old, with dates ranging from 

2000 to 30,000 BP. Interpretation of the excavated 

assemblages was difficult, as there were few lithological 
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or typological markers. The association of the dates 

with the assemblages was complex and ambiguous, owing to 

the absence of firm stratigraphic controls in the 

alluvial sediments. Further archaeological investigations 

in the Helena River Valley and other nearby areas on the 

Swan Coastal Plain produced similar results. Both surface 

and excavated sites proved difficult to interpret in 

terms of Hallam's chronological markers. Quartz, the 

main stone used in tool manufacture on the Swan Coastal 

Plain, was always present and usually comprised over 90% 

of the total stone assemblage. Owing to its particular 

flaking characteristics and physical properties, however, 

archaeologists have a tendency to avoid it as a source of 

information, unless specific tool types can be 

recognized. Nevertheless, this thesis uses quartz 

technology, specifically the debitage component, to 

investigate the foregoing problems in Swan Coastal Plain 

archaeology. 

The next chapter discusses the methodological 

approaches used in the investigation of the regional 

prehistory of the Helena River Valley. Site formation 

processes and their effects on artefact deposition are 

considered, as are approaches to assemblage analyses. 

These approaches are applied to the problematic issues 

discussed above as well as to the present status of 

archaeology in southwestern Australia. 
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Twelve excavated assemblages are analyzed. Four were 

undated, including two from the Helena River site. Two 

surface assemblages are also analyzed. The excavations 

and original assemblage analyses are presented in 

Chapters 3 and 4. The methods used to analyze the quartz, 

the total assemblages and the debitage are discussed in 

Chapter 5. While the emphasis in assemblage 

classification and analysis is on the quartz component, 

the classification system is also applied to other stone 

materials within assemblages. Few formal types were found 

and because of this and the fact that quartz can be 

difficult to classify into formal groupings, types of 

edge damage are also described. 

The remaining chapters are devoted to the analyses 

and their results. Chapter 6 discusses the analyses 

of the twelve excavated assemblages and Chapter 7 

considers the debitage analyses. The results of both 

analyses are presented in Chapter 8, which considers 

whether the methods of analysis used here can be applied 

to interpret and provide relative dates for surface 

assemblages and excavated assemblages in the absence of 

chrono-stratigraphic controls. Finally, Chapter 9 

discusses the usefulness of the approach in demonstrating 

technological change on the Swan Coastal Plain over the 

last 40,000 years, and the applicability and usefulness 

of quartz analysis for future research. 
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CHAPTER 2. 

PROBLEMATIC ISSUES AND THE REGIONAL APPROACH 

During the last twenty years there have been many 

theoretical and methodological developments in regional 

approaches to prehistoric archaeology. These have 

culminated in a rich resource base for the archaeologist 

tackling the myriad problems generated by new research 

objectives and techniques. These developments range from 

new theoretical concepts and model building to 

sophisticated behavioural interpretations of preliterate 

hunter-gatherer societies based on analogies with those 

of the twentieth century (e.g. Binford 1977; Clarke 1972; 

Foley 1977; Higgs and Vita-Finzi 1972; Schiffer 1976). 

On a more specific level, research approaches range from 

innovative sampling techniques, investigation of site 

formation processes, and ethnoarchaeological studies to 

lithic microwear analysis (e.g. Gould 1978; Hayden 1979a; 

Nance 1983; Schiffer 1983; Thomas 1975). Developments in 

Australian archaeology have closely paralleled those in 

Europe and the United States. However, it has only been 

within the last twenty years that Australian-educated 

archaeologists have come to realize that the problems 

they are dealing with in Australia are specific and 

unique to the southern hemisphere. 
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While archaeology in Australia has always been 

concerned with a regional approach in one form or 

another, it is the problems being investigated which have 

changed over the last twenty years, especially with the 

developments in dating methods which have helped expand 

the data base. In addition, regions of interest have 

extended to encompass the whole continent, especially 

Western Australia. It is not my intention in this thesis 

to review regional approaches and trends in Australian 

archaeology, as this has been done (see for instance, 

Lampert 1975; Murray and White 1981; Thomas 1981; White 

and O'Connell 1979, 1982). Rather, I am interested in the 

issues arising from past and current research that are 

relevant to the interpretation of the archaeology of the 

Helena River Area. 

Chapter 1 summarized the problems of interpreting the 

Helena River assemblages and similar assemblages on the 

Swan Coastal Plain that lack chrono-stratigraphic 

controls and so could not be relatively dated using 

Hallam's (1972) four-phase scheme. Models like Hallam's 

have been used to interpret other dated excavated sites 

in the southwest. In some cases they have been 

successful, but in the main they are not appropriate and 

have led to confusion, especially in interpreting change 

through time. This chapter delineates these issues on 

the basis of research done during the past two decades. 
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This is followed by a discussion of the methodological 

approaches used to investigate these problematic issues. 

The use of phase systems is problematical and their 

development is based in part on the conceptual 

milieu in which Hallam worked. This chapter begins with 

a discussion of that milieu in order to provide a context 

for the development of Hallam's phase system. 

TRADITIONS IN AUSTRALIAN ARCHAEOLOGY 

Most early research in Australian archaeology was 

carried out in the eastern half of the continent (Hale 

and Tindale 1928-32; Campbell and Noone 1941-43; McCarthy 

1948). It was not until Mulvaney published the revised 

edition of The Prehistory of Australia (1975) that 

Australian research was synthesized into one volume. Two 

concepts discussed in the 1975 edition, the Australian 

Core Tool and Scraper Tradition and the Australian Small 

Tool Tradition, are relevant to this thesis and to recent 

Australian prehistory. These labels were applied to 

assemblages and used to characterize technological change 

over time. The Australian Core Tool and Scraper 

Tradition characterized early assemblages and the 

Australian Small Tool Tradition characterized later 

assemblages, with the latter not necessarily replacing 
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the former, but rather being added to it through time. 

While early researchers had noted changes in tool 

assemblages in stratified sites, it was only in the late 

1960s and early 1970s that these changes were formalized 

as traditions. 

The Australian Core Tool and Scraper Tradition was 

proposed by Jones and Allen (Bowler et al. 1970:52) and 

applied to the stone assemblage from Lake Mungo in 

southeast Australia. Dated to around 30,000 years BP, it 

was then the oldest known site in Australia. Allen 

(1972:352) described the most important components of 

the assemblage as large dome scrapers made on cores and 

called horsehoof cores; pebbles or flakes with step-

flaked or notched margins; and small scrapers in a 

variety of shapes with convex to straight edges, rather 

than concave. These components were indicative of wood

working. Mulvaney (1975:174) described this tradition as 

dating from before 30,000 BP at Mungo to 5000 BP at 

Kenniff Cave. In general, this tradition was found 

throughout the Australian mainland. In Tasmania, it 

continued into historic times. 

The Australian Small Tool Tradition was proposed by 

Gould (1969) as a direct response to criticisms by Glover 

and Lampert (1969) of his preliminary report of 

excavations at Puntutjarpa rockshelter in southeastern 

Western Australia (Gould 1968). One of these criticisms 
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was Gould's use of the term microlith, which Glover and 

Lampert felt was misleading. Gould believed, however, 

that the adzes in his assemblages from Puntutjarpa were 

not microlithic in the sense that Australians had 

traditionally used the term, that is, in describing 

backed blades or points. By proposing the Australian 

Small Tool Tradition, the term 'small' could include the 

latter tools as well as adzes, 'micro-adzes' and small 

endscrapers, all small enough to require hafting. In 

addition, rather than using these tool types as stages in 

technological development, as had been traditionally 

done, Gould felt Australian archaeologists should 

investigate whole assemblages to determine seasonal 

variation and/or cultural tradition(s) (1969:234-235). I 

believe that he was premature in his postulations, 

because by definition (e.g. Willey and Phillips 1958:34-

39) one should speak of a tradition in a particular 

locality or area rather than apply it to the entire 

Australian continent, as discussed below. 

Regional variations in assemblages, owing to 

differences in environment, resource availability and 

other factors (for example, sampling techniques, misuse 

of terminology and controversial dates), have created 

problems in the application of the concepts of both 

traditions as an analytical framework to be usefully 

applied to assemblages throughout the Australian 

continent. This is apparent in the case of southwestern 
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Australia as will be discussed. However, as White and 

O'Connell (1982:102) have pointed out, throughout the 

Australian mainland there was a sudden and definitive 

change in tool technology 4000 to 5000 years ago when 

"...a range of small, well-made, flaked stone tools 

[appeared]... in numbers sufficient to...be used as a 

chronological marker". With this in mind, this chapter 

discusses recent research in southwestern Australia. 

RECENT RESEARCH IN SOUTHWESTERN AUSTRALIA 

Research during the last decade, in the form of 

excavations on the Swan Coastal Plain and elsewhere in 

southwestern Australia, has produced data which call into 

question the original scheme proposed by Hallam in 1972. 

It should be noted at this point that Hallam still used 

this scheme in a recent report to interpret and 

relatively date surface assemblages, although she admits 

difficulties in a "...precise timeline dividing...[the 

Middle Phase with backed blades] from the Late phase..." 

(1986:4). As of 1986, 396 sites had been investigated in 

a 420 km2 survey area which encompasses a number of 

environments from the coast to the Ridge Hill Shelf. Much 

useful information has been gleaned from this research in 

terms of site patterning and distribution relative to 

Aboriginal use of the environment. Inconsistencies do, 
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however, exist in the temporal phases of the original 

scheme. These and other problematic issues are discussed 

below. 

Small Tools and the Late Pleistocene 

In a review of archaeological research in southwestern 

Australia, Dortch (1975a) reported finding small stone 

artefacts in the Pleistocene sequence at Devil's Lair 

(Figure 2-1). He stated that these were dated to the 

late Pleistocene and included "...a 19,000 year old 

partly backed quartz bladelet..." (1975a:13-15). This 

was a controversial claim at the time. Ten years later, 

Dortch described the same artefact "...as a naturally 

backed and pointed elongate flake, though with several 

abrupt negative flake scars along the natural back, and 

chipping on parts of the opposing sharp edge" (Dortch and 

McArthur 1985:86). In 1975, Dortch excavated a 

quarry/factory site at Northcliffe, southeast of Devil's 

Lair (Figure 2-1), in which he found geometric microliths 

and other retouched silcrete tools which dated to 6000 

years ago (1975b). However, in his work on small tool 

assemblages, Pearce (1979:5) noted that this date was 

uncertain as it was "...estimated by extrapolation 

between levels without backed tools, and...there may have 

been possible irregularities in the rate of deposition, 

or a hiatus due to erosion, or later disturbance of the 

deposit." 
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I cannot substantiate the presence of retouched 

microlithic tools in Dortch's excavations. Nevertheless, 

during the late 1970s and early 1980s, small tool 

assemblages with dates from 29,000 to 40,000 BP were 

excavated on the Swan Coastal Plain, the Upper Swan and 

the Helena River sites (Figure 2-1). The assemblages 

from both sites were described as comprising artefacts of 

small dimensions and types (Pearce and Barbetti 1981; 

Schwede 1983c), implying differences between these early 

assemblages and those found in eastern Australia 

associated with the Australian Core Tool and Scraper 

Tradition. In the Helena River excavation for example, 

Schwede (1983c:55) states that the assemblages "...appear 

to indicate a small tool tradition extending over a long 

period of time," while Pearce and Barbetti (1981:178) 

describe the Upper Swan assemblage as having an 

"...absence of large 'horsehoof cores,...low percentage 

of steep-edge scrapers, and small dimensions of flakes 

and tools..." 

The use of the term 'small' in describing the 

assemblages from both sites is disconcerting, as small 

tools are usually associated with recent assemblages and 

large tools indicate old assemblages. Dortch goes 

further when he states that the Northcliffe site and 

Devil's Lair indicate "...that a regional tradition of 

small flake tools existed some 12,000-30,000 years ago" 

(Dortch and McArthur 1985:86). If, as Dortch states, 
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there is a different tradition in southwestern Australia, 

it needs to be asked how it differs from late 

Pleistocene assemblages in other parts of Australia. 

His use of the terms 'microlithic' and 'small tools' is 

confusing. In addition, these examples do not conform 

readily to Hallam's scheme for the Early Phase, which is 

defined by the presence of fossiliferous chert. While 

fossiliferous chert was found in all these assemblages, 

the presence of small tools implies an affinity with 

Hallam's Middle Phase. 

Fossiliferous Chert as a Chronological Marker 

The use of fossiliferous chert as a chronological 

marker adds to the problems of assemblage interpretation. 

In 1985, Dortch and McArthur (1985) excavated a number 

of test pits at the Arumvale surface site, 3 km southeast 

of Devil's Lair (Figure 2-1). They suggested an 

association of microlithic tools with fossiliferous 

chert. A quartz microlithic tool was dated to 9000 BP 

and this along with 

...three other microliths [were] as much as 20 cm 
below a quantity of bryozoan chert artefacts...[which 
could not] be ignored, at least until the industrial 
sequence...[was] shown to be mixed, as a result of 
geomorphological processes (Dortch and McArthur 
1985:86). 

They also noted (1985:85) that this site possibly 

demonstrated a prolonged use of fossiliferous chert from 

unknown quarries available in the late Holocene. 
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Dortch has offered a number of interpretations to 

explain what might have occurred at this site. A date of 

11,000 BP (Dortch 1986b) from another test pit at 

Arumvale stratigraphically above the 9000 BP date did 

nothing to clarify his previous problems of 

interpretation. From this site, then, there is as much 

ambiguity about the use of fossiliferous chert in the 

late Holocene as there is about the presence of an early 

microlith found near the charcoal fragment dated at 9000 

BP. 

Significantly, the use of fossiliferous chert as a 

phase marker is problematic in interpreting sites 

throughout the southwest. For example, Ferguson's 

(1980:161) results from the excavations at Dunsborough, 

located near the coast more than 200 km southwest of 

Walyunga (Figure 2-1), indicated that his typological and 

lithological sequence closely fitted Pearce's at 

Walyunga. Ferguson found the maximum date for the 

appearance of backed microliths, as well as the upper 

limit for fossiliferous chert, to be 4530+70 BP (SUA 

886). Based on the Walyunga excavations, Pearce's (1977) 

cut-off date for the use of fossiliferous chert was about 

4700 BP. The date for sea level reaching its present 

level was proposed to be either 5000 (Churchill 1959) or 

6000 (Thorn and Chappell 1975) years ago. However, Pearce 

argued that 500 to 1500 years was too long a period 

after the proposed Holocene transgression for continued 
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use of chert from a submerged source. He then suggested 

that sources or quarries were either near the present 

coastline but flooded, or on the present coast but buried 

under the coastal dune system. 

Ferguson accepted Glover's hypothesis of submerged 

quarries off the coast, stating that fossiliferous chert 

pieces found after the Holocene transgression were 

"...derived from secondary, humanly created, sources 

which were located on the surfaces of living sites" 

(1980:64). He found that chert pieces became fewer in 

number and progressively smaller in size after 7000 BP. 

Nevertheless, he stated that the Dunsborough and Walyunga 

samples were too small to be significant, as they 

comprised only about 3% to 4% of the total samples for 

both sites. He concluded that if this hypothesis for the 

reuse of old artefacts could be proven, there would also 

be a high probability of finding chert in association 

with the microlithic assemblages which continued to 

European contact. 

Pearce (1981) questioned Ferguson's hypothesis by 

maintaining that 1500 years was too long a period for 

continual reuse of chert. In addition, he did not find a 

reduction in size or number of chert pieces over time. 

Another interesting point he made was that if the pieces 

had been reused "...there should be differences in 

patination between older and later trimmed 
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faces..."(1981:30) , but he did not investigate this. 

Pearce concluded that not enough was known about the 

Holocene transgression to fix an exact date for sea level 

stabilization; that is, whether it occurred 5000 or 6000 

years ago. Interestingly, he noted that fossiliferous 

chert was 

...not the only 'temporal indicator'...The Walyunga 
evidence... showed that silcrete items occurred almost 
in parallel with bryozoan chert, while immediately 
following their dropout, the percentage of mylonite 
increased threefold (Pearce 1981:32). 

Research by Glover and Lee (1984) on the chemical 

composition of fossiliferous chert from sites along the 

southwestern margin of Western Australia suggested that 

the material was obtained from a number of quarries along 

the coast, indicating that the chert was not quarried in 

one area and then traded or exchanged along a north-

south axis. In a later article, Glover (1984) reviewed 

past research on stone sources for the southwest, and in 

particular discussed Pearce's and Ferguson's hypotheses. 

He questioned the almost simultaneous cut-off dates for 

the use of chert at both their sites in view of 

the differences in Eocene strata at various quarry sites 

located offshore and the possibility of an unstable 

coastline over time owing to tectonic activity. He 

further speculated that even after a cut-off date of 6000 

BP, chert could have been carried to shore by seaweed 

after the quarries had been submerged. 
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Recent research by Semeniuk and Searle (1986) has 

shown that Holocene sea levels in the Perth Basin have 

varied along the coastline from 7400 BP to 2800 BP. They 

attributed the variation to local tectonic activity, 

rather than just hydro-isostatic and/or eustatic 

influences. This instability makes it virtually 

impossible to date accurately when fossiliferous chert 

was no longer available for tool manufacture. This is an 

important consideration if chert was obtained from a 

number of quarry localities off the coast, as Glover and 

Lee's (1984) investigations suggest it was. 

The above review highlights the confusion 

surrounding several important issues in southwestern 

prehistory. The following discusses certain of these 

issues in more detail. 

DISCUSSION OF PROBLEMATIC ISSUES 

This section begins with a summary of Hallam's phase 

system and its application to the archaeology of the Swan 

Coastal Plain. 

1. Early Phase. This phase is characterised by the 

presence of Eocene fossiliferous chert found only in 
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the Perth Basin. It is present in the earliest excavated 

sites, such as Upper Swan (40,000 BP) and Helena River 

(29,000 BP), as well as in undated surface assemblages 

which still exist in undeveloped areas on the Swan 

Coastal Plain. Exactly when quarrying of this stone 

ceased is unknown and so its use as a temporal marker is 

ill-advised. 

2- Middle Phase. This phase is characterized by the 

presence of backed tools as defined by Pearce. The 

appearance of microlithic technology between 3000 to 

4000 BP on the Swan Coastal Plain is based on his 

excavations at Walyunga. Dortch's excavations from the 

southwest corner of Western Australia suggest that backed 

tools may be older than Pearce believes. A number of 

these excavations are questionable, however, owing to the 

tenuous association of dates and artefactual material, 

and the ambiguous use of terms such as 'microlith' and 

'small tool' . 

3. Late Phase. This phase is characterized by the 

presence of abundant amorphous quartz pieces and chips. 

However, Hallam's use of the terms 'amorphous', 

'abundance' and quartz 'pieces' is ambiguous. It should 

also be noted that backed tools continued to be 

manufactured during this phase, up until European 

contact, or the Final Phase. 
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4. Final Phase. This phase is not in contention, as 

it has been historically documented. 

Research completed after Hallam devised her phase 

scheme does not support her proposals; that is, the 

scheme produces more questions than answers, except with 

regard to the Final Phase. This is because of the types 

of sites that have been excavated, artefact analyses 

which have been restricted primarily to tool types rather 

than total assemblages, problems with terminology and 

dating, and the types of research questions being asked. 

The following paragraphs examine these issues as they 

relate to the Swan Coastal Plain. 

Types of sites. The majority of sites found on the 

Swan Coastal Plain are open surface sites located on sand 

dunes or alluvial clay deposits. They are often 

much disturbed by urban development, farming activity, 

weathering, and tectonic movement, and so are difficult 

to interpret. Excavated sites are also difficult to 

interpret owing to both these sorts of factors and the 

frequent lack of visible stratigraphic features. Finally, 

these problems become manifest when interpreting surface 

sites exhibiting mixed components of Hallam's phases. 

Assemblage analysis. There are very few stone types 

found in assemblages on the Swan Coastal Plain. The 

material most commonly used was quartz, which was 
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quarried from veins and outcrops in the nearby foothills 

of the Darling Scarp. Other stone types include 

silcrete, mylonite, dolerite and fossiliferous chert, 

which usually constitute less than 10% of any 

assemblage. 

Analyses of surface and excavated assemblages 

from the Swan Coastal Plain have been primarily concerned 

with easily recognized tool types, such as backed tools, 

adzes/scrapers, bipolar pieces and grindstones. Some 

debitage analysis has been done, but only in terms of 

numbers and sizes of debitage pieces, rather than the 

place of the debitage component in total assemblages. 

Pearce, however, did some flake measurements from the 

Walyunga assemblages and proposed possible technological 

changes over time (1978:8). Assemblage analyses based 

primarily on typologies probably reflects the 

archaeologist's reluctance to deal with quartz 

assemblages, because of the interpretative problems 

engendered by poor flaking quality of the material. 

Terminology and dating. With few exceptions, authors 

have not defined clearly the terms and concepts they have 

used in reports and publications. The resultant 

ambiguity often makes it hard to interpret their work. 

In addition, problems have arisen with dating excavated 

sites on the Swan Coastal Plain because there are usually 

no organic remains except charcoal. This is because of 
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both acidic sediments which do not preserve most organic 

materials, and site formation processes. Charcoal 

samples can be produced by bush fires or camp fires, and 

the difference between the two is not often discernible. 

Thus site formation and geomorphic processes must be 

thoroughly investigated and understood before 

interpreting dates obtained from excavated open sites on 

the Swan Coastal Plain. 

Research questions. With the exception of Pearce's 

investigations at Walyunga, research has been directed 

towards establishing fossiles directeurs to date surface 

assemblages, which are subsequently used to study 

Aboriginal settlement and land use. While these research 

foci have been common in traditional regional studies, 

their use in investigating the archaeology of the Swan 

Coastal Plain has created a number of problems which 

seriously affect work in the area. 

Two major methodological approaches are considered in 

the investigation of these problems and the archaeology 

of the Helena River Valley: site formation processes and 

assemblage analyses. Both are discussed below. 
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METHODOLOGICAL APPROACHES 

Site Formation Processes 

In the last ten years archaeologists have directed 

their attention to the many agents affecting site 

formation. While these processes were noted by 

archaeologists in the past, it has only been recently 

that researchers have begun to consider in detail these 

processes routinely, on the grounds that "...unless the 

genesis of deposits is understood, one cannot infer the 

behaviors of interest from artifact patterns in those 

deposits" (Schiffer 1983:675). 

In 1983, Schiffer formulated both the criteria and a 

framework for identifying these processes. He theorized 

that what the archaeologist assumes from archaeological 

remains is not necessarily the reflection of past 

activities or patterns, but rather is a reflection of 

numerous processes created by cultural and noncultural 

agents. He labelled these as transformation agencies or 

processes which 

(1) transform items formally, spatially, 
quantitatively, and relationally, (2) can create 
artifact patterns unrelated to past behaviors of 
interest, and (3) exhibit regularities that can be 
expressed as [usually statistical] laws (1983:678). 

Relevant studies which have considered these agencies are 

discussed below. 
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Wood and Johnson (1978), Gifford (1978) and Butzer 

(1982) have discussed the need to understand the context 

in which artefactual remains are found, that is, the 

pedoturbation history or soil formation processes of each 

individual site. This includes consideration of 

disturbance by animals, insects, plants, wind, water and 

earthquakes. Surface scatters have been investigated, 

taking some of these factors into consideration. For 

example, Rick (1976) found distinct patterns of 

deposition in researching downslope movement. He 

investigated both fluvial and gravity-influenced erosion 

and found that lighter and less dense material reflected 

the original deposition of material better than 

heavy, denser materials. In Australia, Hiscock (1983) 

studied spatial analysis on a surface site and Hughes and 

Sullivan (1974) investigated the reworking by storm waves 

of Aboriginal shell middens on the south coast of New 

South Wales. 

Plowing can also affect artefact deposition on a site. 

In 1976, Roper investigated lateral displacement of 

artefacts by plowing, while in 1982 Mallouf studied plow 

damage to artefacts. A three-year investigation by Frink 

(1984) led him to propose experimental laws which define 

the affects of vertical and horizontal displacement 

within the plowzone. Ammerman's (1985) six-year study 

demonstrated similar results. Burrowing animals and 
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insects also play a role in artefact displacement 

(Erlandson 1974; Stein 1983). 

Vertical movement of material within sites has been 

documented by a number of researchers. Rowlett and 

Robbins (1982) used coin molds to estimate vertical 

movement, while Cahen and Moeyerson (1977) and Villa 

(1982) used conjoin studies to demonstrate movement. The 

human factor in vertical displacement was discussed by 

Matthew (1965) and Hughes and Lampert (1977). Subsequent 

experiments (Gifford-Gonsalez et al. 1985; Stockton 1973) 

have shown treadage and trampling to be important agents 

in vertical movement, especially in sand dunes and 

rockshelters. Cultural formation processes can also 

affect artefact displacement and configuration through 

curation, reuse and relocation (Binford 1979; O'Connell 

1987; Hammond and Hammond 1981). 

Lancaster's (1986) experiments of artefact movement in 

sand dunes is also important. She replicated a surface 

flaking site in a dune environment, and then investigated 

wind action on the stone artefacts. She noted both 

horizontal and vertical movement of artefacts, and stated 

that 

For typologies which are based on the presence or 
absence of certain microlithic tool forms, industries 
may easily be misclassified as a result of wind 
action. Interpretation of behavior could be erroneous, 
with the possibility that more on-site retouch or 
manufacture could actually have occurred than was 
evident from the size of chips remaining (Lancaster 
1986:362). 
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This study and others by researchers who have conducted 

experiments on plowzones and human treadage and trampling 

are important to the interpretation of assemblages on the 

dunes of the Swan Coastal Plain. 

The foregoing discussed those cultural and non-

cultural agents that must be considered in the 

interpretation of artefact deposits from both surface and 

excavated sites on the Swan Coastal Plain. The next part 

of this section concerns assemblage research, with 

particular emphasis on debitage investigations. 

Assemblage Analyses 

Stone artefact assemblages can be studied through 

typological, functional or technological analyses. 

Archaeologists can use one or all three approaches, and 

often do so to investigate questions or problems created 

by one of the other approaches. 

Most traditional classification systems are based on 

artefact morphology together with inferred function and 

techniques of manufacture. Artefact types are usually 

divided into informal types (e.g. flakes, cores, 

fragments) and formal tool types (e.g. endscrapers, 

adzes, blades, etc.), with the latter being used for 

comparative analyses of spatial and temporal variation in 

assemblages. 
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Through new techniques of replication, use-wear 

analysis and ethnoarchaeological observation, problem 

areas have been noted, such as equating morphology and 

function in the case of some formal tool types. Odell's 

discussion points this out: 

In certain areas of the world where the use of 
stone tools has been observed and reported in the 
literature,...the entire concept of morphological 
typology appears to be either useless as a 
classificatory technique or functionally irrelevant 
(1981a:323). 

This is especially true in Australia and New Guinea (e.g. 

Gould et al. 1971, Hayden 1979b). Different 

classification systems can also prove problematic. For 

example, Minzoni-Deroche (1985) applied two types of 

artefact classification to the same collection. One 

system was based on type lists, and the other was based 

on technological characteristics applied to the whole set 

of artefacts. Interestingly, each resulted in a 

different conclusion, in that the technological approach 

focussed on both retouched and unretouched artefacts 

which would not normally be classified as types based on 

established criteria. 

Discussion and debate relating to the theoretical 

problems of classification continue today, as 

demonstrated by Adams's (1988) review. Equally important 

has been the development of innovative research into 

functional and technical approaches to stone assemblages, 

which rely on microscopic analyses and replication. 
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Semenov's (1964) early microscopic use-wear analysis 

has led to a variety of functional approaches (Keeley 

1974, 1980; Keeley and Newcomer 1977; Odell 1977, 1980, 

1981b; Odell and Odell-Vereecken 1980; Tringham et al. 

1974). At present, most functional approaches use both 

microwear analysis and replication, depending on the 

problems pursued (Bergman and Newcomer 1983; Hayden 

1979a; Lewenstein 1981; Sails 1985; Vaughan 1985). 

Technical approaches also use replication and microscopic 

analysis, particularly when an investigation is made of 

tool manufacture and assemblage formation (Flenniken 

1981; Flenniken and Raymond 1986; Kamminga 1982). 

Recent studies of total assemblages are of particular 

interest here, given the concern with describing 

debitage. These studies have used all three approaches, 

that is, typological, functional or technological, 

depending on the type of research being pursued. For 

example, Sullivan and Rozen (1985) developed an 

'interpretation-free' typology for their investigation of 

debitage variability between sites. Fish (1981) and 

Draper (1985) have also studied debitage variability. 

Other debitage studies include research in reduction 

sequences and assemblage patterning (Stahle and Dune 

1982; Newcomer and Sieveking 1980), investigation of 

technological change through statistical analysis 

(Hiscock 1986; Pitts 1978), and functional analyses (Moss 

1986; Symens 1986). In sum, there is a variety of 
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approaches and methods that can be used in the analysis 

of stone artefact assemblages, which are dependent on the 

questions and problems that are being investigated. 

CONCLUSION 

An understanding of site formation processes and the 

analysis of total assemblages are important and necessary 

for the interpretation of surface and excavated 

assemblages. This thesis is concerned with both 

approaches. The assemblages from dated excavated sites 

in the Helena River Valley are examined and compared to 

those of other dated sites on the Swan Coastal Plain. 

Research emphasis is directed to: 

1. Developing a classification system that can deal 

with all types of stone material, particularly quartz, 

and which includes both informal (debitage) and formal 

(tool) components. 

2. Analyzing debitage and investigating how it 

relates to possible change in manufacturing techniques 

through time. 

3. Investigating debitage variability within and 

between sites in order to understand surface assemblages. 

4. Determining site formation processes that can 

affect assemblage variability. 
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To reiterate, many problems have been created by 

interpretations of surface and excavated assemblages in 

the study area. It is hoped that this investigation will 

contribute to our further understanding of them and if 

not, then at least point in the directions needed for 

further research. 

Chapters 3 and 4 present assemblage data from the 

excavated sites in the Helena River Valley and other 

sites on the Swan Coastal Plain that are used in the 

analyses. 
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CHAPTER 3 

THE ARCHAEOLOGICAL RECORD 

The purpose of this chapter is to examine the 

archaeological background of five groups of sites from 

the Swan Coastal Plain whose assemblages are used for 

analysis in this thesis. As discussed in Chapter 2, the 

typological and chronological framework for the 

archaeology of the Swan Coastal Plain and Southwest 

Australia was based on research by Hallam and Pearce 

between 1970 and 1980. During the 1980s, with the 

development and growth of the Perth metropolitan area and 

an increased awareness of past Aboriginal settlement on 

the Swan Coastal Plain, many surveys and test excavations 

were undertaken for government departments and other 

agencies. Most of the resultant unpublished 

investigations dealt with sites located on the Bassendean 

Dunes. Because of disturbance and lack of organic 

material, however, they could not be dated and were 

interpreted in terms of the Hallam-Pearce model 

concerning the presence or absence of certain typological 

and lithological characteristics. 

The publication of the data from Pearce's Upper Swan 

site in 1981 drew attention to the antiquity of 

occupation on the Swan Coastal Plain around 40,000 BP. 
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This date established Pleistocene occupation of the Swan 

Coastal Plain, extending Pearce's (1978) sequence based 

on his research at Walyunga. The Walyunga sequence 

demonstrated Aboriginal occupation from 8000 BP to the 

time of European contact. Interestingly, Pearce did not 

note any significant differences between the artefact 

assemblage at Upper Swan and the early Holocene 

assemblage at Walyunga (Pearce and Barbetti 1981:178). 

This suggested that his interpretation was based on the 

established framework of typological and lithological 

characteristics, and that the time depth was merely 

extended. The following descriptions of the five site 

groups used in this thesis are cast in terms of this 

established framework. 

During the early 1980s I was contracted to excavate a 

number of sites on the Swan Coastal Plain which were to 

be destroyed by urban development. The section that 

follows on contract reports presents an extensive and 

detailed examination of data from three of these 

excavations, which include the Helena River, Bennett 

Brook and Brigadoon site groups (Schwede 1983a, 1983b, 

1983c, 1984, 1985). A brief discussion of problem areas, 

dealing with interpretation of these assemblages, dating 

and geomorphology is presented after each site 

description. This is followed by a discussion of two 

more sites, Walyunga and Upper Swan, based on the 

published reports by Pearce (1978) and Pearce and 
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Barbetti (1981). A discussion of excavation techniques 

and procedures precedes the presentation of the 

individual site groups. 

EXCAVATION TECHNIQUES AND PROCEDURES 

The excavation procedures that I used for contract 

purposes depended on the aims and problems of a 

particular project. The sites discussed here are open 

sites. In most cases stratigraphy was not apparent, and 

arbitrary spits of 5-10 cm were used. Sieves of either 3 

mm or 6 mm mesh were used, depending on whether the 

sediment was sand or clay. In situ material was recorded 

in three dimensions. Traditional excavation techniques of 

trowel and brush were used for sandy to sandy-clay 

matrices. In the case of compact sun-baked clay, a 

mattock and/or geologic pick was used to break up the 

soil before trowelling and sieving could begin. 

Sediment samples were taken from each spit for later 

geomorphological examination. Colour was determined from 

Munsell Color Charts and pH measured using a Beckman H5 

pH meter and pH electrode following Allen (1974:23-25). 

Charcoal samples were recorded separately. These 

samples were frequently sparse because of the acidic 
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sediments, and samples submitted for radiocarbon dates 

were often combined from several spits. 

Finally, disturbance by humans, insects, burrowing 

animals and other agents was recorded to aid in the 

interpretation of site formation processes. A 

photographic record was taken of individual test pits and 

important features. Assistance on all excavations was 

primarily provided by trained and untrained voluntary 

student labour from the University of Western Australia. 

CONTRACT REPORTS 

Helena River 

During mid to late 1970, I was involved in the 

location of surface sites for Hallam's Archaeological 

Survey of the Swan Coastal Plain. In 1978, Smith 

and I located a number of surface assemblages scattered 

on both the north and south banks of the lower Helena 

River, one of which was later to become the Helena River 

Site. Further surveys to determine the presence of 

surface scatters in this and nearby areas in the late 

1970s and early 1980s produced a picture of intensive 

prehistoric use of the lower Helena River Valley. 
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Until recently, European use of the valley was 

restricted to holding paddocks, farmlets and some 

secondary industry, and so site disturbance was minimal. 

In the early 1980s, however, the growth of the Perth 

metropolitan area affected these sites, though 

development was restricted to small housing estates, 

farmlets and road construction. 

In 1982 and 1983 I was contracted by the Western 

Australian Main Roads Department to investigate the 

Helena River Site (Department of Aboriginal Sites, No. 

S1453), which was to be destroyed by bridge and road 

development. The site was located on the alluvium of the 

Pinjarra Plain, approximately 24 km east of the 

coast and 16 km northeast of Perth (Figure 3-1). Situated 

on an old river terrace 3 m above the present course of 

the Helena River, the site covered an area of more than 

2975 m2. A variety of vegetation surrounded this area, 

but the site itself was located in a large devegetated 

expanse. Lining the riverbank were large stands of 

Melaleuca and Typha that extended into the river. In 

addition Acacia, Macrozamia and Xanthorrhea co-existed on 

the southern edge of the site. 

Two seasons of excavation were completed at the 

site. Preliminary work in September 1982 yielded 1512 

artefacts from a 35 m x 85 m grid laid on the surface in 

5 m squares, east to west (Figure 3-2). Stone material 

49 



-3/'50'S 

5 

-32"00' 

5 
- t -

PERTH 

Upper Swan Site #L p ^ 

10 km 

Bennet Brook 
Site 

Walyunga Site 

Brigadoon Sites 

$( MIDLAND 

Kings Property Site 

Helena River 
Site 

'**»/-

Figure 3-1. Location of Excavated Sites on the Swan Coastal Plain 

50 



HELENA RIVER SITE S.U53 

•fe*: FENCE 
&& M.RD SURVEY PEG • 
III TEST PIT a 
fefe FEATURE O y 

Figure 3-2. Site Plan of Helena River Site, S1453 

(from Schwede 1983a) 

51 



from the surface collection included quartz, mylonite, 

fossiliferous chert and dolerite. Fragments of European 

bottle glass, ceramic dishes, clay pipes, burnt bricks 

and sheep bones were also collected. Table 3-1 shows the 

distribution of material in grid squares. Abbreviations 

used in the table are: 

NU - non-utilized flakeable stone 

U - utilized stone 

GR - grinding material 

WGL - worked glass 

X - presence of non-utilized glass, ceramics, 
clay pipes and other European materials 

0 - presence of organic material, for example 
bone and shell. 

Three 2 m x 1 m test pits were excavated, two inside 

the grid and one outside (Figure 3-2). A surface feature 

within the grid was also excavated. Test Pit 2 was 

abandoned owing to difficulty in excavation and lack of 

time. A charcoal sample from the lowest level containing 

artefacts in Test Pit 1 (123-143 cm) yielded a date of 

29,400+2000 BP (SUA 2009). On the basis of this date, 

further excavation was recommended in order to determine 

both artefact deposition and distribution, and the 

geomorphology of the site. 

This excavation was continued in January 1983. 

Initially a 50 m x 2 m trench was mechanically excavated 

on an east-west axis north of Test Pit 1 (Figure 3-3). 
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The trench facilitated the investigation of both 

geomorphological processes and stone deposition. Four 

additional test pits were excavated. Test Pits 4 and 5 

(2 m x 2 m pits) were located on the south side of the 

trench, and Test Pits 6 and 7 (2 m x 1 m pits) were 

located at the bottom of it (Figure 3-3). 

A brief report on the investigation of the Helena 

River site has been published (Schwede 1983c). The 

following discussion is concerned with Test Pits 1, 4 and 

5, and their assemblages. The assemblage from the 

surface grid is also included. It should be noted that 

no stone material was excavated from Test Pits 6 and 7 at 

the bottom of the trench. The stone from Test Pit 3 was 

considered to be too sparse for use here as only eight 

pieces of quartz were found. The surface feature was 

interpreted as the possible remnants of a windbreak or 

shelter. Most of the material associated with the 

feature was not included for analysis here as it was of 

European origin. 

Test Pit 1. 

This 2 m x 1 m pit was located at the southwest corner 

of grid square 2L (Figure 3-2), which contained a dense 

surface scatter of artefacts. Test Pit 1 was excavated in 

arbitrary levels of 5 to 20 cm to a depth of 153 cm. 

Below 63 cm, 20 cm spits were used owing to the 

difficulty of excavating the wet compacted clay, and to 
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the sparseness of the stone material. The pit was 

stepped at 83 cm to a 1 m x 1.5 m square and at 123 cm to 

a 1 m x 1 m square at the west end of Test Pit 1. 

There was little sediment differentiation, in terms of 

texture and colour, between the surface and the bottom of 

the pit (spit 14). The first 10 cm consisted primarily 

of yellowish red sandy loam (5YR 5/6) with some ash 

staining and clay. The clay component increased toward 

the bottom of the pit with a colour change from yellowish 

red to red (5YR 4/8) at 83 cm (spit 11). The presence of 

ash staining with charcoal nodules near the surface in 

the south wall of the pit was probably the result of 

natural or human fires (Figure 3-4). The pH for Test Pit 

1 is presented in Appendix 1. Three charcoal samples 

were submitted for dating with the following results (see 

Appendix 5): 23-28 cm (spit 5) 3750+90 BP (SUA 2010), 

83-103 cm (spit 11) 8300+500 BP (WAIT 22) and 123-143 cm 

(spit 13) 29,400+2000 BP (SUA 2009) (lowest artefacts; 

see p.63). A total of 263 stone artefacts was collected 

from Test Pit 1. Table 3-2 presents a breakdown of the 

types of stone material found. 

Test Pit 4. 

This 2 m x 2 m pit was located towards the western end 

of the grid in square 2E, on the south side of the trench 

(Figure 3-3). Test Pit 4 was excavated in 10 cm spits 

and was stepped at 60 cm (spit 7) toa2mxlm pit in 
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TABLE 3-2. Stone Artefact Collection from Test Pit 1, 
Helena River (n=263). 

Stone Non-utilized Utilized Total 
Material No. No. No. % 

Quartz 238 18 256 97 
Fossiliferous 
Chert 4 1 5 2 

Dolerite 2 - 2 1 

the northern half, and again at 90 cm (spit 10), to a 1 m 

x 1 m square in the western quadrant. The pit was 

excavated to a depth of 150 cm. 

Two separate stratigraphic layers could be 

distinguished. The first 50 cm of deposit was a disturbed 

red sandy clay (2.SYR 4/6) interspersed with small 

charcoal lumps and burnt rock. The matrix beneath 50 cm 

became a yellowish red (5YR 5/8) sandy clay with 

increasing amounts of gravel and yellow mottling to a 

depth of 150 cm (Figure 3-5). The interface between the 

two layers was poorly defined and uneven. The size and 

quantity of river gravels and dampness increased from 100 

cm to 150 cm. The pH was not taken for Test Pit 4, 

as the pit was in the same alluvium as nearby Test Pit 1 

(see Appendix 1). While charcoal samples were collected 

from Test Pit 4, none was submitted for dating because of 

problems with disturbance. A total of 426 stone 

artefacts was collected from the first 100 cm (spits 1-

10). No artefacts were identified in the river 
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gravels between 100 cm to 150 cm. Over 95% of the 

assemblage was composed of quartz, and the remainder 

consisted of small quantities of mylonite, fossiliferous 

chert and dolerite pieces (Table 3-3). 

TABLE 3-3. Stone Artefact Collection from Test Pit 4, 
Helena River (n=426). 

Stone 
Material 

Quartz 
Fossiliferous 
Chert 

Mylonite 

Dolerite 

Other Stone 

Non -util 
No. 

392 

6 

5 

1 

2 

ized Ut ilize 
No. 

20 

-

-

-

-

;d Total 
No. 

412 

6 

5 

1 

2 

% 

97 

1 

1 

<1 

1 

Test Pit 5. 

This 2 m x 2 m pit was located in grid square 3M 

(Figure 3-3). The test pit was excavated by 10 cm spits 

to a depth of 110 cm. It was stepped at 40 cm to 1 m x 2 

m in the eastern half of the pit, and at 90 cm to a 1 m x 

1 m square in the northeastern quadrant. 

The sediment of Test Pit 5 consisted of a humic layer 

of dusky red topsoil (2.5YR 3/2) containing charcoal and 

burnt clay inclusions in the first 10 cm. Beneath this 

was a yellowish red sandy clay (5YR 5/6), with the clay 

content increasing to the base of the pit (Figure 3-6). 

The pH was not taken for sediments from Test Pit 5 
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as this pit was excavated also in the same alluvium as 

nearby Test Pit 1 (see Appendix 1). A charcoal sample 

from 80-90 cm (spit 9) was radiocarbon dated to 9000+100 

BP (WAIT 41) (Appendix 5). A total of 125 stone 

artefacts was excavated from Test Pit 5 to a depth of 

100 cm; only one artefact was collected from spit 10 (90-

100cm. Table 3-4 shows the lithic material collected 

from spits 1-10. 

TABLE 3-4. Stone Artefact Collection from Test Pit 5, 
Helena River (n=125). 

Stone Non-utilized Utilized Total 
Material No.. No^ No. % 

Quartz 117 7 124 99 

Mylonite 1 - 1 1 

Surface Collection. 

A total collection of artefacts was taken from the 

grid squares. Besides stone, other artefacts and 

organic materials were collected, including bottle glass, 

ceramics, clay pipe bowls and stems, buttons, buckles, 

road metal, burnt brick and the like. Of the 85 surface-

collected squares, 33 (39%) contained nothing (Table 3-

1). This was because of natural or human agencies, or 

heavy grass cover which limited visibility. Erosion and 

surface disturbance from heavy-duty vehicles and sheep 

contributed to other areas being denuded of cover and 

artefactual material. Table 3-5 shows that about 95% of 
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the stone artefacts collected were quartz, while the 

remainder included mylonite, fossiliferous chert, 

dolerite and other stone pieces. 

TABLE 3-5. Stone Artefacts from Surface Collection, 
Helena River (n=1512). 

Stone 
Material 

Quartz 

Mylonite 
Fossiliferous 

Chert 

Dolerite 

Other Stone 

N> on-util 
No. 

1313 

36 

10 

8 

1 

iz ;ed Ut ilize 
No. 

132 

10 

1 

1 

d Tota 
No. 

1445 

46 

10 

9 

2 

.1 
% 

95 

3 

1 

1 

<1 

Discussion 

The data from the Helena River surface assemblage and 

excavations were originally interpreted in terms of the 

typological and chronological framework established by 

Hallam and Pearce. The high percentage of quartz, the 

high percentage of flakes, and the few formal tools did 

not differ from other assemblages found elsewhere on 

the Swan Coastal Plain. Moreover, the presence of 

fossiliferous chert artefacts on the surface, and in the 

lowest levels of Test Pit 1, dated at 29,400+2000 BP, 

implied a long period of the use and reuse of this 

material for tool making. 
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The trench excavation (Figure 3-7) indicated sparse 

artefact deposition throughout the site, with a greater 

density within the first 30 cm than below it. This area 

was within the zone where surface artefacts were affected 

by human or natural agencies, resulting in horizontal and 

vertical artefact displacement. Sediment profiles taken 

from the trench for geomorphological investigation 

indicated that there had been virtually no lateral or 

vertical movement of artefacts within the thick red clay 

below the first 30 cm. The artefacts in the red clay 

were interpreted as having been locally deposited during 

flood events, rather than having been carried from 

another area and incorporated into the sediments. 

Three depositional units were identified from the 

trench. The first was a younger alluvium associated with 

the present regime of the Helena River, and overlying the 

red sandy clay. Test Pit 3 was excavated in this unit. 

The second was the red sandy clay unit dated at 29,000 

BP, which was considered to be caused by a single flood 

event. Test Pits 1, 4 and 5 were dug in this unit. Colour 

changes with depth from strong red to grey green (2.5YR 

4/6 - 2.SYR 5/6 to 5Y 6/1 with mottles 5YR 5/6) reflected 

changes from predominantly oxidising to reducing 

conditions in this unit. The third unit called Hard Clay 

(Figure 3-7), was the oldest and deepest alluvium. It 

appeared to be a composite of a number of alluvial fills, 

variable in lithology and weathering characteristics. 
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Table 3-6 presents a summary of the results of 

radiocarbon dating. The dates from Test Pits 1, 3, 5 and 

7 were interpreted as reflections of successive flood 

events of the Helena River based on sedimentological 

analysis. The nodules of organic material used for dating 

were charcoal which probably came from burnt tree roots. 

TABLE 3-6. Radiocarbon Results for Helena River 
Test Pits. 

Test Pit 

1 

1 

1 

3 

5 

7 

Depth 
(cm) 

23-28 

83-103 

123-143 

42-47 

80-90 

198-218 

Spit 

5 

11 

13 

7/8 

9 

1/2 

Laboratory 
Reference 

SUA 2010 

**WAIT 22 

*SUA 2009 

WAIT 23 

WAIT 41 

WAIT 42 

Radiocarbon 
A*e (BP) 

3750+90 

8300+500 

29,400+2000 

2120+200 

9000+1100 

28,200+4800 

• SUA - Sydney University Laboratory. 
••WAIT - Western Australian Institute of Technology, 

School of Applied Chemistry. 

Thus, the dates obtained could be minimum ages for the 

sediment sections and the artefacts within the red clay 

alluvium. For example, the second and fifth samples 

listed above are 10,000 years younger than the 29,000 BP 

dates accepted for the red sandy clay unit. The dating of 

intrusive roots could account for this difference. The 

fourth sample was from outside the grid. It comprised 

carbonized wood lying on top of the red clay alluvium, 

66 



and gives the basal date of the present regime of the 

Helena River (3750+90 BP). Full details of radiocarbon 

dating for the Helena River sites are presented in 

Appendix 5. 

There were problems with the interpretation of the 

data above. These related to the sparseness of organic 

material for dating, uncertainty about the origin of the 

material dated and its association with artefacts. The 

surface and excavated assemblages did not differ from any 

found elsewhere on the Swan Coastal Plain. Thus, no firm 

chronological or typological sequences could be 

established for the Helena River Valley as had been done 

at Walyunga (see discussion in Chapter 2 and Pearce 

1978). 

The presence of fossiliferous chert on the surface and 

above the level in Test Pit 1 from which the 3 750+90 BP 

date was obtained, was problematical if one used Pearce's 

(1978) date of 4600 BP as the cut-off date for its use. 

This implied that 

1) fossiliferous chert was reused after this period; 
or 

2) fossiliferous chert continued to be quarried in 
presently unidentified areas not inundated after 
4600 BP; or 

3) artefact displacement was more extensive than was 
originally proposed within the first 30 cm of 
sediment below the surface; and/or 

4) the dates were obtained from material which may 
not have been in association with the artefacts. 
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Finally, I perceived the interpretation of the 

assemblage from Test Pit 4 was not as straightforward as 

I had originally proposed. There was probably artefact 

displacement from both treadage and flooding as the pit 

was located at the western end of the site, 1.5 m 

downslope from Test Pit 1 and just over 0.5 m above the 

present level of the Helena River. As a result, the first 

50 cm would have been affected by river flooding during 

wet years. Also, the presence of an old river channel at 

the base of the pit (150 cm) implied possible 

displacement of artefactual material in the red sandy 

clay unit. 

Bennett Brook 

In December 1983 I was contracted to excavate test 

pits at Bennett Brook. Bennett Brook is located less than 

8 km northeast of the Helena River site (Figure 3-1). The 

site (S1431), consisting entirely of quartz scatters, was 

originally reported in 1976 for Hallam's Swan Coastal 

Plain archaeological survey. 

It lies less than 3 km north of the stream's 

confluence with the Swan River at the township of 

Guildford and covers approximately 250 m x 250 m in an 

area of plowed paddocks used primarily for grazing horses 

and cattle (Figure 3-1). While little of the original 
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vegetation remains, traces of open woodland, consisting 

of varieties of Eucalyptus. Melaleuca and Banksia can 

still be seen to the south. It is still an important 

area to the Aboriginal community, as an Aboriginal fringe 

dweller's camp lies just south of the site near a fresh 

water spring. 

Two 2 m x 1 m test pits were excavated in the 

siliceous grey Bassendean Dunes. The two pits were 221 m 

apart, excavated in 10 cm spits and stepped to contain 

cave-ins of sand. The pits are discussed separately 

below. 

Test Pit 1. 

Test Pit 1 was located at the northern end of S1431, 

on the eastern side of Bennett Brook (Figure 3-8), and 

was excavated to a depth of 145 cm. It was stepped at 45 

cm to a 1 m x 1 m square in the northern half and again 

at 85 cm to 1 m x 50 cm in the northeastern corner in an 

attempt to contain wall collapse, as the sand became 

loose as it dried. 

The surface sediment consisted of greyish brown sands 

(10YR 5/2) mixed with dead wild oat grass, and had been 

disturbed by plowing and animal treadage. At 

approximately 15 cm below the surface the deposit became 

more compact and damp, and mixed with yellow sand. Below 

25 cm there was a colour change from greyish brown to 
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Figure 3-8. Site .Plan of Test Pits 1 and 2, Bennett Brook, S 1431 

(after Schwede 1984) 
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yellow sand (10YR 7/6). The north and west walls showed 

clear plow marks in the stratigraphy to 30 cm (Figure 3-

9). The pH for Test Pit 1 is presented in Appendix 1. 

Charcoal fragments and sediment samples were collected 

from various spits within the first 95 cm. Lupin seeds 

were also noted to the same depth. 

A total of 94 stone artefacts was collected from the 

first 95 cm of Test Pit 1. No artefacts were found below 

95cm. Table 3-7 shows that 95% of the flakeable material 

was quartz while the remainder was mylonite and silcrete. 

TABLE 3-7. Stone Artefact Collection from Test Pit 1, 
Bennett Brook (n=94). 

Stone Non-utilized Utilized Total 
Material No_. No. No % 

Quartz 84 5 89 95 

Mylonite 2 - 2 2 

Other Stone 3 - 3 3 

Test Pit 2. 

This was located 85 m east of Bennett Brook (Figure 3-

8). It was excavated to a depth of 100 cm and stepped at 

50 cm to a 1 m x 1 m pit in its eastern half and again 

at 70 cm to a 1 m x 50 cm pit in the northeastern 

quadrant. 
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The surface deposit for Test Pit 2 consisted of dark 

grey sand (10YR 4/1). The colour gradually changed to 

brown (10YR 5/3) at 30 cm (spit 4). From 60 cm (spit 

7) to the bottom of the pit the sediment consisted of 

yellow sand (10YR 7/6) (Figure 3-10). Plow marks were not 

distinct, probably owing to more mixing from stock in 

this area. The pH of Test Pit 2 was not taken. Carbon 

fragments were sparsely distributed throughout the pit 

and lupin seeds were found to the base of the pit. 

A total of 194 stone artefacts was collected, with 

material occurring to 100 cm. As shown in Table 3-8, 97% 

of the artefacts were quartz with small amounts of 

mylonite and other stone material. 

TABLE 3-8. Stone Artefact Collection from Test Pit 2, 
Bennett Brook (n=194). 

Stone Non-utilized Utilized Total 
Material Np_. No_. No. % 

Quartz 184 5 189 97 

Mylonite 2 - 2 1 

Other Stone 3 - 3 2 

Discussion 

No dates were obtained for the Bennet Brook test pits, 

as most of the carbon fragments were found within the 

plowzone, and were probably the remains of European 

burning off. Other charcoal pieces found throughout the 
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pits could have been the residue of oxidized roots and/or 

the result of displacement in the sand. Finally, no 

hearths were discerned in the stratigraphy of either pit. 

On these grounds it was decided that carbon dating would 

not have given accurate results. 

The assemblages from Test Pits 1 and 2 were similar in 

lithology and technological characteristics, with quartz 

debitage comprising over 95% of the total collection. 

Neither stone material nor implement types (an adze slug 

and a bipolar piece), provided a basis- for dating either 

assemblage. Though the artefact scatter was spread over 

200 m x 200 m, it was initially interpreted as 

representing ephemeral occupation, having been used for 

temporary camps up to the period of European 

colonization. The absence of European glass, ceramics and 

other contact material suggested Aboriginal occupation 

ceased at this time. Fossiliferous chert was not found, 

thereby suggesting occupation after sea level 

transgression. 

The final point I considered was the movement of lupin 

seeds from the surface to depths of 95 cm in Test Pit 1 

and 100 cm in Test Pit 2. Gladstones (1958) stated that 

lupin seeds were introduced into Western Australia over a 

century ago and had come into use as a grazing product 

from 1920 onwards. I considered that because most of the 
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stone material was small (more than 95% was less than 1 

cm2), and was similar in size to the lupin seeds, a 

considerable amount of displacement and movement had 

occurred on and below the surface of the sand. I 

concluded that the excavated assemblages were probably 

part of the surface scatter which had moved through the 

sand since the European settlement. 

Site S1431 was not unusual in comparison to many sites 

with similar assemblages found on the Bassendean Dunes of 

the Swan Coastal Plain. Of interest was the amount of 

debitage, its size and the fact that the site was 

undatable. Using Hallam's (1972) criterion of a high 

percentage of amorphous quartz pieces and chips, the site 

would be placed in the Late Phase. However, I reasoned 

that the criterion of large amounts of amorphous quartz 

pieces was not definitive enough for a phase 

classification, as most sites on the Swan Coastal Plain 

contained high percentages of quartz. Also I felt that 

there must be another way of defining assemblages of this 

type. Finally, I was interested in site formation 

processes in relation to this area, that is, in the 

probable vertical displacement of the assemblages in Test 

Pits 1 and 2. 
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Brigadoon 

In December 1984 I was contracted to excavate test 

pits at the Brigadoon Country Estate, Millendon, 14 

km northeast of the Helena River Site (Figure 3-1). Ten 

test excavations and surface collections were made at the 

three sites: S1707, S1315 and S1319 (Figure 3-11). 

Assemblages from three of the test pits (Test Pits 6, 7 

and 9) are discussed below. 

Environmentally the Brigadoon Estate lies on the Swan 

Coastal Plain between the Ridge Hill Shelf at the edge of 

the Darling Scarp and the aeolian deposits of the sand 

plains to the west. Specifically, fluviatile deposits 

from the Swan River to the north have created a series of 

flood plain units which cover the Brigadoon Estate. 

Little remains of the original vegetation owing to 

cultivation and grazing over the last 120 years. The 

area is now characterized by a fringing woodland of 

Eucalyptus and Melaleuca with localized occurrences of 

low open forests of Casuarina and Melaleuca. 

Test Pit 6. 

Test Pit 6, a 3 m x 1 m excavation orientated east to 

west, was located on the eastern end of S1315 at the 

bottom of the terrace slope in an area where there was a 

surface concentration of artefacts (Figure 3-11). The pit 
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surface was cleared of heavy grass cover, levelled and 

then excavated in 10 cm spits. It was stepped to a 2 m x 

1 m pit at 38 cm, to a 1 m x 1 m square pit at 78 cm and 

to a 50 cm x 50 cm pit in the northwest corner of its 

west end. The pit was terminated at 125 cm because of 

continually collapsing sandy walls which lost cohesion on 

exposure. 

The topsoil of Test Pit 6 was composed of fine grained 

dark brown/brown sand (7.5YR 4/4) which became a strong 

brown sandy silt (7.5YR 4/6) with orange mottles at 20 

cm. The latter sediment remained uniform, though the 

orange mottling increased toward the base of the pit. A 

feature of charcoal-speckled dark brown sediment (7.5YR 

4/6) was excavated in the southeast corner of spit 9, 

extending 23 cm into the spit and south side of the wall. 

It was not determined whether it was a pit or burnt tree 

root, as the amount of carbon was low and only one quartz 

piece was excavated in the fill (Figure 3-12). Lupin 

seeds were noted to a depth of 40 cm, insect activity to 

a depth of 50 cm and rootlets to 125 cm. The pH for Test 

Pit 6 is presented in Appendix 1. Combined carbon 

samples (Table 3-9) from 58 - 105 cm depth (spits 8-10) 

gave a date of 1610+190 BP (WAIT 105). A total of 555 

stone artefacts was excavated from Test Pit 6 (Table 3-

10) and eleven adzes were identified. 
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TABLE 3-9. Radiocarbon Results for Brigadoon 
Test Pits. 

Test Pit 

6 

7 

9 

Depth 
(cm) 

58-105 

60-110 

78-98 

Spit 

8-10 

8-12 

9-10 

Laboratory 
Reference 

WAIT 105 

WAIT 106 

WAIT 111 

Radiocarbon 
A*e (BP) 

1610+190 

2630+160 

1910+200 

TABLE 3-10. Stone Artefact Collection from Test Pit 
6, Brigadoon (n=555). 

Stone 
Material 

Quartz 

Mylonite 
Fossiliferous 
Chert 

Dolerite 

Other Stone 

Non-util 
No. 

402 

48 

3 

26 

47 

ized Ut iliz 
No. 

25 

2 

1 

-

1 

ed Total 
No. % 

427 77 

50 9 

4 1 

26 5 

48 8 

Test Pit 7. 

This 3 m x 1 m pit was located in the centre of the 

surface scatter of S1315 in a lightly grassed area about 

75 m south of the Swan River (Figure 3-11). Test Pit 7 

was orientated north to south and was stepped at 40 cm to 

a 2 m x 1 m pit, and at 90 cm to a 1 m x 1 m square pit 

at its north end. Though damper than Test Pit 6, the 

sides collapsed when dry, and the pit was terminated at 

120 cm. 
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The yellowish red sandy surface layer (5YR 4/6) 

extended to the bottom of spit 6 (50 cm). The underlying 

deposit was red (2.5YR 4/6 - 2.5YR 4/8) and fairly 

homogeneous. Yellow mottles appeared at 60 cm and 

increased with depth to the bottom of the pit (120 cm) 

(Figure 3-13). Ant holes were present from the surface 

to a depth of 30 cm, and insect larval cases were present 

between 70-100 cm. Lupin seeds were noted in the first 

20 cm and rootlets extended from the surface to 110 cm. 

The pH for Test Pit 7 is presented in Appendix 1. 

Combined carbon samples (Table 3-9) from 60-110 cm (spits 

8-12) gave a date of 2630+160 BP (WAIT 106). A total of 

367 stone artefacts was collected from Test Pit 7 (Table 

3-11), and four adzes were identified. 

TABLE 3-11. Stone Artefact Collection from Test 
Pit 7, Brigadoon (n=367). 

Stone 
Material 

Quartz 

Mylonite 

Silcrete 

Dolerite 

Other Stone 

Non-uti 
No. 

253 

34 

2 

20 

41 

1 ized Ut ilize 
No. 

13 

3 

-

1 

-

;d Total 
No. % 

266 72 

37 10 

2 1 

21 6 

41 11 

Test Pit 9. 

This 3 m x 1 m pit was located in a heavily grassed 

area on the northern concentrated scatter of S1319 

(Figure 3-11). Test Pit 9 was orientated north to south 
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and was excavated in 10 cm spits to a depth of 120 cm. 

The pit was stepped to a 1 m x 1 m pit at 28 cm and a 50 

cm x 50 cm pit at 98 cm in the southeast corner of its 

south end. 

The fine grained humic brown/dark brown sandy surface 

sediment (10YR 4/3) extended for 18 cm from the surface 

and was gradually replaced by a brown, orange mottled 

sand (7.5YR 4/6) which dried quickly once exposed. The 

orange mottling increased with depth (Figure 3-14). Both 

insect activity and lupin seeds were noted to a depth of 

88 cm. With the exception of one root at 78 cm, roots 

were not observed past 38 cm. The pH for Test Pit 9 is 

presented in Appendix 1. Combined charcoal samples 

(Table 3-9) from 78-98 cm (spits 9-10) gave a date of 

1910+200 BP (WAIT 111). A total of 562 stone artefacts 

was collected from Test Pit 9 (Table 3-12), and only two 

adzes were observed. 

TABLE 3-12. Stone Artefact Collection from Test 
Pit 9, Brigadoon (n=562). 

Stone 
Material 

Quartz 

Mylonite 

Silcrete 
Fossiliferous 
Chert 

Dolerite 

Other Stone 

Non-util 
No. 

513 

18 

1 

1 

8 

13 

ized Ut ilized 
No. 

5 

2 

-

— 

1 

-

Total 
No. 

518 

20 

1 

1 

9 

13 

% 

92 

4 

<1 

<1 

1 

2 
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Discussion 

The artefact assemblages from Test Pits 6, 7 and 9 did 

not vary significantly in lithology or typology from 

those excavated at either the Helena River or the Bennett 

Brook sites. They included a high percentage of quartz, 

with varying percentages of mylonite, dolerite and other 

stone, and traces of silcrete and fossiliferous chert. 

There was also a high percentage of quartz flakes, with 

less than 5% showing utilization. 

The results of geomorphological research on site 

S1315, which contained Test Pits 6 and 7, suggested that 

the deposit was a young alluvial terrace of the Swan 

River and subject to periodic flooding and sedimentation. 

The stone material in this area was probably moved or 

reworked in situ owing to flood action with additional 

lateral displacement of surface material by farming. The 

sediments of Test Pit 9, site S1319, were part of a sand 

dune complex which had been created locally by deflation 

from a nearby source. Stone material from this area 

would have been affected by both lateral and vertical 

displacement through erosion and farming practices. 

The dates (Appendix 5) of the test pits were 

interpreted as minimal ages on the following grounds. 

First, only one sample was submitted from each test pit 

as the amount of carbon was small and had to be combined 
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from a number of spits. Moreover, the source of the 

carbon samples was unknown, that is, whether it was burnt 

wood or burnt root material. Second, no discernible 

hearths were noted. Third, the sediments from both 

sites were indicative of an early Holocene or late 

Pleistocene age. 

Problems similar to those previously discussed 

concerning the Helena River site were apparent at the 

Brigadoon site group, and included accuracy of dating and 

problems of chronology suggested by the presence of 

fossiliferous chert after 4600 BP. For example, Test 

Pits 6 and 9 both contained small amounts of 

fossiliferous chert, but their assemblages were only 

dated to 1610 BP and 1910 BP respectively. Even if the 

dates were minimal, the interpretation of these sites was 

complex. Nevertheless, at that time I interpreted these 

assemblages in terms of the established framework for the 

Swan Coastal Plain. The presence of fossiliferous chert 

in Test Pits 6 and 9 indicated that the material was 

Early, while the assemblage from Test Pit 7 was probably 

Late because of a predominance of quartz flakes and few 

utilized pieces which included only adzes and no backed 

pieces. 

The final section of this chapter discusses the 

reports published by Pearce. These include the 

assemblages from both the Walyunga and the Upper Swan 
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sites. The Walyunga site has been important in the 

construction of the chronological framework, as it is the 

only site on the Swan Coastal Plain that has a continuous 

sequence of dates from European settlement to 8000 BP. 

PUBLISHED SITE REPORTS 

The assemblages from Walyunga and Upper Swan were 

considered important to the thesis as my excavations 

older than 4000 BP contained only sparse assemblages. 

In addition, it was reasoned that the extra material 

would present a more complete picture of technological 

developments over the 40,000 years of Aboriginal 

occupation on the Swan Coastal Plain. Brief discussions 

of the Walyunga and Upper Swan sites are presented below. 

Walyunga 

In 1975 Pearce (1977, 1978) excavated two 1 m x 1 m 

test pits (C18 and B6) in the crest of an eroding sand 

dune at Walyunga National Park. The dune is thought to 

be part of the Yoganup geological formation, which 

comprises fossil shorelines of the Ridge Hill Shelf. The 

Walyunga site is located 5 km northeast of the Brigadoon 
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site group (Figure 3-1), and covers an area over 200m2. 

Immediately west of the site, is the Swan River, which 

flows north to south. 

Only the assemblage from Test Pit C18 is considered 

here. In the original study Pearce found a total of 2874 

flaked artefacts in this test pit. In addition, he was 

able to obtain five radiocarbon dates from the pit, which 

formed a continuous sequence from 8000+260 BP from 150-

155 cm (spit 32) to 1330+100 BP from 20-25 cm (spit 4). 

These dates are shown in Table 3-13. 

TABLE 3-13. Radiocarbon dates from Test Pit C18, 
Walyunga.• 

Depth (cm) 

20-25 

60-65 

75-80 

85-90 

150-155 

Spit 

4 

14 

17 

19 

32 

Laboratory 
Reference 

SUA 632 

SUA 508 

SUA 633 

SUA 509 

SUA 510 

Radiocarbon 
A«e (BP) 

1330+100 

3220+100 

4560+150 

6135+160 

8000+260 

•After Pearce 1978:2. 

The pit was excavated to a depth of 190 cm (Pearce 

1978:2). Owing to the presence of worked glass and iron 

nail fragments, Pearce interpreted the assemblage above 

16 cm as post-European. He concluded that mylonite 

replaced fossiliferous chert after 4560 BP, a date 
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obtained from 85-90 cm (spit 19), as only one piece of 

fossiliferous chert was found above that depth. This 

piece, found in spit 3 (15-20 cm), was explained as 

having come from an eroded portion of the site. Pearce 

states that quartz comprised over 80% of the total 

assemblage. The remainder included 4% mylonite, 3% 

fossiliferous chert and small amounts of other stone, 

including silcrete (Pearce 1978:2-5). 

Nine percent (273 pieces) of the flaked stone material 

from Test Pit C18 was utilized. Pearce noted a change in 

technology above 85-90 cm (spit 19), with the 

introduction of backed pieces and flat adzes. He stated 

that decreases in width, thickness and mass of primary 

flakes was probably related to this technological change. 

Also, he felt that differential rates of artefact 

accumulations and frequencies over the 8000 year period 

were related to a combination of factors that included 

differential site use and occupation, as well as 

aggradation and erosion of the sand. For example, he 

noted a period of disuse, reflected in a near absence of 

artefacts between 3000 and 6000 BP. He concluded that 

while this coincided approximately with the period of 

technological change, the reduction in activity could 

also represent a shift in usage to another area of the 

site (1978:8-9). Finally, it should be noted that the 

artefact concentrations in some spits did not accompany 
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sediment changes. The dune sediments were uniform in 

colour (dark brown) below the orange sand of the humic 

zone (16 cm). 

Upper Swan 

The Upper Swan site is located 2 km west of the 

Brigadoon site group and southwest of Walyunga (Figure 3-

1). Originally, the site was used as a vineyard. Pearce 

discovered it in 1979 when he found artefacts eroding out 

of a clay deposit being excavated for the manufacture of 

bricks. The red clay beneath the sediments of the 

vineyard was an old alluvial terrace of the Swan River 

which presently lies just south of, and 18 m below the 

site. 

Pearce excavated a number of test pits in this 

alluvial fill in 1979 and 1981. He also collected 

artefacts from the surface. Four dates were obtained 

from the red clay which contained artefacts, two from 

charcoal patches in Test Pit 8, and two from carbonized 

nodules in Test Pit 2-12, which were thought to be 

Eucalyptus or Xanthorrhea resin. The dates ranged from 

31,500 BP to 39,500 BP (Table 3-14). They were considered 

to be minimal ages owing to the small sample sizes and to 

the technical problems related to dating old samples (for 
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a complete discussion see Pearce and Barbetti 1981:176-

177). It was also concluded that there had been little 

lateral movement of artefacts within the clay matrix, 

because of the presence of chips indicating possible 

stone manufacturing at the site and nine sets of refitted 

stone pieces (1981:175). The artefact assemblage from 

Upper Swan did not differ from Pearce's early assemblage 

at Walyunga, dated around 8000 BP; artefact dimensions 

were small, though more variable than those from Walyunga 

(1981:178). 

TABLE 3-14. Radiocarbon Dates from Test Pits 8 
and 2-12, Upper Swan.* 

Test Pit Depth Laboratory Radiocarbon 
(cm) Reference Age (BP) 

8 88-96 SUA 1500 39,500+2300 
1800 

8 85-90 SUA 1500X >31,500 

2-12 45-50 SUA 1665 37,100+1600 
1300 

2-12 35-44 SUA 1704 35,100+1500 
1300 

After Pearce and Barbetti 1981:176. 

Excavated collections from Test Pits 8, 2-12 and 2-13, 

and three surface collections from squares 7, 11 and 19 

were used for analyses in this thesis. Dates were 

associated with the assemblages from Test Pits 8 and 2-12 

and Test Pit 2-13 was adjacent to Test Pit 2-12. The 
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assemblages from the surface collection squares had been 

disturbed by machines quarrying for clay. 

CONCLUSION 

In this chapter the archaeological background of the 

five site groups which form the focus of this thesis has 

been discussed. They included three sites, Helena River, 

Bennett Brook and Brigadoon, that I excavated as an 

archaeological consultant. In addition, I discussed two 

sites dug by Pearce, Walyunga and Upper Swan, from which 

assemblages are also used in the analyses. 

I began the site descriptions with a discussion of 

excavation techniques and procedures. Each site group 

was then discussed in terms of artefact content, sediment 

and geomorphological conditions, dating and also site 

formation. In addition, problem areas were examined for 

those sites I excavated. For example, there were 

interpretive problems for those sites whose dates and 

assemblages did not correspond to the chronological 

framework established by Hallam and Pearce for the Swan 

Coastal Plain. Dating of site assemblages was complex. 

It was found that amounts of organic material for dating 

was often negligible, and there was also difficulty in 

ascertaining the association of dates and assemblages. 
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Finally, lateral and vertical displacement of artefacts 

affected assemblage interpretation and site formation. 

As the artefact sample from my excavated sites was not 

as large as that from Walyunga, the assemblages from 

Pearce's excavations were also considered to increase my 

data base. Moreover, the addition of material dated 

between 4000 and 8000 BP from Walyunga and between 31,500 

and 39,500 BP from Upper Swan increased the sparse 

assemblages from my excavations for the same period. 

As previously stated, the dated sequences from 

Walyunga had established the chronological framework used 

for the prehistory of the Swan Coastal Plain. To confirm 

this sequence, the Helena River Valley was surveyed for 

sites, specifically for rock shelters and caves. The 

fieldwork undertaken specifically for this survey and my 

thesis is the subject of the next chapter. 

94 



CHAPTER 4. 

FIELDWORK 

The discussion in Chapter 3 describes the problems 

in the interpretation of assemblages, dating and site 

formation processes on the Swan Coastal Plain. Only one 

site, Walyunga, has a sequence of dates from early to 

late Holocene. Other dated excavated sites indicated 

either late Holocene or Pleistocene occupation. Several 

of these dates are not firmly associated with the 

artefacts in the sites. Moreover, lithological and 

typological aspects of assemblages from these sites often 

do not fit the sequence established at Walyunga. 

For the above reasons, I decided to survey for 

rockshelters and caves in the nearby scarp area east of 

the Helena River site, in an attempt to establish better 

stratigraphic and chronological control as well as verify 

the Walyunga sequence. I directed my attention to the 

foothills and plateau of the lower catchment of the 

Helena River Valley because it was a major tributary of 

the Swan River and had not been surveyed for 

archaeological sites. In addition, the area had not been 

developed by Europeans until the late nineteenth and 

early twentieth centuries. Only one site, a stone 
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arrangement in Paulls Valley, had been recorded in the 

Aboriginal Sites Department's Register. This valley lies 

at the eastern end of the survey area, south of 

the Helena River. 

SURVEY AREA 

The survey area comprises the Lower Helena Catchment 

as defined by the Water Authority of Western Australia. 

It extends east-west approximately 14 km from Mundaring 

Weir to Scott Street, and includes the area 1 km north 

and south of the Helena River (Figure 4-1). Most of the 

Lower Catchment area is National Park or State Forest and 

is jointly managed by the Water Authority of Western 

Australia and the Western Australian Department of 

Conservation and Land Management (CALM). The remaining 

area includes rural and urban settlements under the 

jurisdiction of the Mundaring Shire to the north and the 

Kalamunda Shire to the south of the river. 

Initial contact with local Aboriginal groups, local 

residents, shire employees, CALM rangers, and members of 

the Western Australian Speleological Group indicated that 

there were no known sites in the survey area. 

Nevertheless, the Lower Catchment area had been used in 

the past as a route between the Coastal Plain and the 
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Darling Plateau (Quicke n.d.). A CALM ranger told me of 

isolated finds in the Lower Catchment, which consisted of 

a stone axe and other artefacts, but I was unable to 

substantiate this claim. 

Within the Lower Helena Catchment, the Helena River 

has cut a deep trench through the Darling Plateau. The 

upland areas which overlie the granite base of the 

Plateau are mainly laterites, and are capped by sands and 

gravels. Valley relief is greater at the western end of 

the river, rising to 200 metres above the river with 

slopes up to 30°. The valley floor is composed of rocky 

red and yellow sediments. Grevillea. Hakea. Eucalyptus. 

and Casuarina are characteristic of the granite outcrops 

and their surroundings. The western end of the catchment 

area is open, with heaths and herblands on the shallow 

sediments of the valley slopes. The eastern end is 

characterized by forests of Jarrah and Marri on the 

slopes, and Wandoo in adjacent valleys to the north and 

south of the river. The narrow and heavily vegetated 

valley floor was only cleared to enable the Western 

Australian Water Authority to use vehicles when checking 

the pipeline that borders the road and river. Based on my 

own observation, the valley would have had to be fired 

regularly in the prehistoric past and used only when the 

river was low during the summer and early winter months. 

The Helena River Valley provided the most direct link to 
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the Darling Plateau. It also provided links into 

adjacent valleys, whose streams perennially feed the 

Helena River. 

A systematic survey was originally formulated for the 

Lower Helena Catchment, but I soon found that I was 

limited to areas where openings in the ground cover and 

bush enabled discovery or access to sites. Preferences 

were given to areas fired within the last few years; 

areas of low scrub and/or granite outcrops with 

associated heath; areas that contained woodlands with low 

bush growth; and areas where ephemeral creeks with 

associated low to mid-level slopes flowed into the Helena 

River. On this basis, approximately 35% of the Lower 

Catchment area was surveyed for archaeological sites. 

Three types of sites were located: temporary 

occupation sites, quartz and dolerite quarries and stone 

arrangements. All three types were located at either the 

eastern or western ends of the survey area, that is, in 

areas of easy accessibility from either the coastal plain 

or the Darling Plateau. I have designated these 

locations as: Nyaania Creek; Helena Valley Road; 

Mundaring Weir South; and Mundaring Weir North. In some 

instances, dimensions of sites are only approximations 

because heavy vegetation cover and naturally exfoliating 

stone material precluded more accurate measurement. 
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Area 1: Nyaania Creek 

This area is located north and northeast of the Helena 

River at the western edge of the Darling escarpment. 

The sites surveyed are on land, south and west of Nyaania 

Creek (Figure 4-1) which has been set aside as park and 

bush reserve. Though fire had burnt most of the bush 12 

months before the survey, winter growth reduced surface 

visibility in some sections, especially on the lower 

slopes. All sites were located on, or adjacent to, 

granite outcrops. There were numerous naturally eroding 

quartz scatters throughout this area, and while they have 

not been specifically discussed or shown on my map, 

Aborigines could have used them as sources of material 

for knapping. 

Dolerite quarry and quartz scatter. This site is located 

in a dolerite pocket near a granite ridge on the south 

side of, and just above Nyaania Creek (Figure 4-1). The 

dolerite scatter covered an area of 1 m x 1 m and 

included cores and flakes. On a ridge top above the 

quarry, there was a quartz scatter which covered a 5 m x 

5 m area and included fine-grained quartz flakes and 

cores. 

Stone arrangement. This site is located southeast of the 

dolerite quarry on the highest ridge of the granite 

outcrop (Figure 4-1). The site overlooks the Swan 
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Coastal Plain to the west. The granite arrangement 

contains stone cairns and lines of stone. The latter 

border the cairns on the site's western and northern 

edges, extending down the hill on the northern flank of 

the granite outcrop to Nyaania Creek. 

Area 2: Helena Valley Road 

This area is located south of the Helena River at the 

western edge of the Darling Scarp (Figure 4-1). 

Vegetation cover was sparse in the western half of the 

survey area, which improved ground visibility. Large 

areas of exfoliating quartz were found throughout the 

terrain and could be considered as potential stone 

sources. 

Vein quartz quarry. This site is located on top of a 

ridge just south of the Helena Valley Road (Figure 4-1). 

The quartz vein runs for about three metres along the 

western edge of the ridge and has been extensively 

quarried. Numerous flakes and cores litter the ridge 

top, which covers a 10 m x 35 m area. The terrain 

surrounding the quarry is composed of low lying valleys 

created by winter stream runoff from the Darling Scarp to 

the south. These valleys lie at right angles to the 

Helena River. Low scrub grew between the weathered 

granite and dolerite outcrops, and dense scatters of 

exfoliating quartz were present on the valley ridges. 
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Stone arrangement. This site is located 1.5 km east of 

the vein quartz quarry on a high ridge directly south and 

opposite to the Nyaania Creek area previously discussed 

(Figure 4-1). The 5 m x 5 m arrangement consists of small 

granite boulders arranged around one large boulder, which 

is flat and smooth on top and which has two holes on its 

surface. 

Lower Catchment quarry. This site is located 200 m up 

the Helena River from the Catchment Plant on the south 

side of the river (Figure 4-1). It consists of a vast 

vein quartz outcrop which covers the entire hillside but 

its exact dimensions are unknown owing to the thick 

vegetation cover. In areas denuded of vegetation, towards 

the ridge top, knapping areas with large cores and few 

flakes were noted. The area is noticeable as the outcrop 

stands out from the surrounding vegetation and it is 

visible from the stone arrangement at Nyaania Creek on 

the south side of the river. 

Area 3: Mundaring Weir South 

This area extends from Paulls Valley to the western 

edge of the Helena River Reservoir on the south side of 

the Helena River (Figure 4-1). The area is typified by 

Wandoo and Jarrah forests mixed with areas of dense 

shrubbery and ground cover. Gradients are not as steep, 
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as the area is down river from Mundaring Weir, and is 

characterized by gently rolling hills, which are 

especially noticeable when cleared for rural development. 

Outcrops of granite and dolerite occur throughout the 

area, especially near the river. Parts of hillsides are 

very rocky and weathered, and as in the western end of 

the Lower Catchment area, naturally exfoliating outcrops 

of quartz and dolerite occur. Two sites were noted in 

the area. 

Dolerite quarry. This site is located on a hillside 

northwest of South Ledge Road and south of the Helena 

River (Figure 4-1). The area of the quarry is 

approximately 15 m x 10 m and consists of cores and 

flakes. 

Stone arrangement and chalk pit. Quicke's Property, 

Paulls Valley (Figure 4-1). This includes the granite 

stone arrangement on a hillside at the northern end of 

Quicke's Property which was previously mentioned 

(Aboriginal Sites Department No. S0826), and is 

considered by the Sites Department to be a 'hunting 

hide'. An engraving was observed on the surface of a 

granite boulder located near the top of the ridge. At 

the opposite (southwest) end of Quicke's property, there 

is a white chalk pit, 2 m in diameter, now used as a 

garbage dump. The pit was reported by Quicke to have been 

quarried by Aborigines in the past. Its actual use is 
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unknown, but it was presumed to have been used for 

ceremonial purposes. A thorough survey was made of 

Quicke's property (Lot 619), as ground visibility was 

good, but nothing was observed except naturally 

exfoliating quartz and one piece of mylonite. 

Area 4: Mundaring Weir North 

This area is located north of the Helena River (Figure 

4-1). The ridge top of Pine Hill had been cleared in the 

past, and ground visibility in most of the area was good. 

The southeastern hill slope contained large dolerite 

outcrops which extended to the bottom of Rifle Range 

Gully. This area could have served as a potential stone 

source for knapping. 

Pine Hill. This site was located on the southwest side 

of Pine Hill (Figure 4-1). Two quartz pieces (a flake 

and a core) and four dolerite pieces (cores and flakes), 

comprised the sparse scatter within a 2 m x 2 m area. 

Excavations 

The original intention to locate and excavate 

rockshelters and caves was of uppermost importance during 

the survey of the Lower Helena Catchment area. Numerous 

possible sites of these types were observed, but few had 

any depth of deposit. Indeed, in most cases the floors of 
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potentially inhabited shelters had no deposits at all. 

The presence of areas of dense vegetation, where firing 

had not occurred in the immediate past, added to the 

difficulty of the survey. Nevertheless, I carried out 

test excavations in the Nyaania Creek, Helena River Road 

and Mundaring Weir South areas. All excavations were 

completed within areas of located Aboriginal sites, with 

the exception of the rock overhang shelter at Mundaring 

Weir South. The following discusses the results in more 

detail. 

Nyaania Creek. 

Three test pits were excavated in the area of the 

stone arrangement to determine if there was any artefact 

deposition other than that observed on the surface. All 

test pits were excavated to the granite bedrock. Test 

Pit 1, a 50 cm x 50 cm square located beneath a cairn in 

the southwest corner of the stone arrangement, was 

excavated to a depth of 48 cm and was found to be 

sterile. Test Pit 2, a 50 cm x 50 cm square located in a 

semi-cleared area of the stone arrangement, was excavated 

to a depth of 40 cm and also found to be sterile. Test 

Pit 3, located just east of the stone arrangement, was 

excavated within a rock-lined pit in order to determine 

whether it was human-made or natural. I had suspected 

that most of the rock-lined pits in this area were 

produced by tree growth, when the root system and trunk 

had displaced the rocky soil during growth. Once the tree 
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died, these naturally created pits would be evidence of 

the tree's former location. Test Pit 3, a 50 cm x 50 cm 

square, was excavated inside a 210 cm x 240 cm rock-lined 

pit at the southern half of the pit to a depth of 30 cm. 

It was found to be sterile and I concluded it had been 

naturally formed. 

Helena River Road. 

Two test pits were excavated on the eastern side of, 

and below, the granite ridge of the quartz vein quarry 

previously discussed. Granite boulders had created 

natural shelters in this area, and there had been some 

soil buildup beneath the boulders. Test Pit 1, 50 cm x 

50 cm, was excavated to the granite base at a depth of 42 

cm and was sterile. Test Pit 2 was located 2 m east of 

Test Pit 1. This 50 cm x 50 cm pit was excavated to the 

granite base at a depth of 14 cm and was also sterile. 

Mundaring Weir South. 

One test pit was excavated beneath a granite overhang 

approximately 1.3 kilometres east of Mundaring Weir. The 

pit was located 200 m south of the Helena River. The 

area was interesting as it contained a large granite 

outcrop with forest vegetation, sparse ground cover, and 

gentle slopes. A 50 cm x 50 cm pit was excavated to the 

granite base of the overhang, a depth of 50 cm, but 

proved to be sterile. 
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Discussion 

Aboriginal usage of the Lower Helena catchment can be 

seen in terms of the types of sites located during the 

survey and also from the results of test excavations, all 

of which proved fruitless. It is proposed that the lower 

hills, adjacent to the coastal plain and to the scarp, 

were used as a source of stone. This area would also 

have provided both additional food when certain 

resources on the coastal plain were seasonably 

unavailable, and resources which were only obtainable in 

forested areas. 

In a similar fashion, groups from the plateau would 

probably have used the eastern end of the catchment area, 

as occupation sites have been observed along the banks of 

the river and its tributaries east of the Helena River 

Reservoir. Finally, it is suggested that these areas 

could have been used for social and ceremonial 

activities. The stone arrangement at Nyaania Creek was 

shown to an Aboriginal spokesman and though he did not 

have knowledge of this particular site, he stated that it 

could have been used for initiation ceremonies in the 

past. Other stone formations, engravings and sites of 

significance have been recorded by the Aboriginal Sites 

Department, in similar areas of the scarp which are 

adjacent to and easily accessible from the coastal plain. 
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Unfortunately, knowledge of their purpose and 

significance is often lost to the local Aboriginal 

community today. 

No habitation sites were observed near the river or in 

adjacent valleys. This could be because of the relief of 

the Lower Catchment area or to the lack of ground 

visibility in heavily vegetated areas adjacent to the 

river, even though no habitation sites were observed in 

areas of low relief and good ground visibility. Very few 

temporary occupation sites were located during the 

survey. This is probably because of poor ground 

visibility and topography, and to naturally exfoliating 

quartz and dolerite which litter areas of good 

visibility. While being potential stone sources, it is 

virtually impossible to distinguish artefacts amongst 

these large natural scatters, especially in the case of 

quartz. In a similar survey of the Darling escarpment at 

Brigadoon, north of the Helena Catchment, Strawbridge 

(1984) found site location to be determined by water 

accessibility and permanency, as well as topography. She 

suggested that resources were exploited from camps 

situated on the coastal plain near the scarp rather than 

from camps on the escarpment itself. Her findings 

complement my survey and excavations of the Lower Helena 

Catchment. 
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In conclusion, the Lower Catchment area of the Helena 

River was primarily used as a source of stone 

and food and possibly for ceremonial and social purposes. 

It was also used as a direct route for social, ceremonial 

or trade purposes by groups travelling between the 

coastal plain and the plateau during summer and early 

winter when water levels of the Helena River were low. 

During other times of the year, travel would have been 

via other less direct routes. Few archaeological surveys 

have been made of the Darling Escarpment between the main 

tributaries of the Swan, Helena and Canning Rivers to 

determine their use and potential for people living on 

both the coast and the plateau. It has been suggested 

(Anderson 1984) that the forested area of the scarp was 

used by fragmented coastal groups, with some groups 

moving into the forest during the winter and early 

spring, while other groups remained on the coastal plain, 

when resources were depleted on the coast. I would agree 

with Strawbridge (1984), however, that the forest was 

utilized from base camps on the coastal plain during 

these months. Until further surveys are completed in 

this area, these suggestions are speculative as, 

unfortunately, ethnohistorical data can not substantiate 

them. 
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EXCAVATIONS ON THE SWAN COASTAL PLAIN 

Because I did not find an archaeological site with 

good stratigraphic integrity in the Lower Helena 

Catchment area, I directed my attention once again to 

sites located on the coastal plain, specifically to those 

located 650 m east of the Helena River Site. When 

initially surveyed in 1978, this area was found to 

contain numerous surface scatters on both the north and 

south banks of the Helena River. It is low lying and 

devegetated, having been cleared for paddocks, but 

eucalyptus trees still line the river's edge. In winter, 

the flood plain is poorly drained, with streams and pools 

forming in some areas, and it is often flooded during 

years of heavy rainfall. Evidence of past floods can be 

seen in weathered alluvial embankments and mounds which 

have been deposited on the flood plain. 

On resurveying the area in 1986, I found very little 

surface material. In discussions with the present 

owners, who were still using the area for holding 

paddocks, I learned that the area had not been plowed for 

many years. Thus I considered that most of the material 

originally observed in 1978 had been brought to the 

surface as result of plowing, and was probably now 

trampled below the surface. 
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A total of five 1 m2 test pits were excavated in this 

area, which I have designated Kings Property. All except 

one test pit were located on the north side of the river; 

the other was located on an embankment of the south side. 

Three test pits were dug in the red clay alluvium, and 

the other two in recent river deposits. These are 

discussed below. Test Pits 1, 3 and 5, which contained 

few or no artefacts, are briefly described. 

Test Pit 1. 

This pit was excavated to a depth of 25 cm in the red 

clay alluvium of site S1459, called Kings Flood Plain 

Mound I (Figure 4-2). The pit was terminated at 25 cm as 

excavation by hand was difficult in the indurated clay 

and stone artefacts were sparse. The latter included 17 

pieces of quartz, two utilized, and one utilized mylonite 

core. All but five were found within 10 cm of the 

surface. The remaining pieces were less than 1 cm2 in 

area and were probably redeposited by insect activity and 

plowing. 

Test Pit 2. 

This pit was located south of and below Test Pit 1 on 

Kings Flood Plain Mound I, site S1459 (Figure 4-2). It 

was excavated in 5 cm and 10 cm spits to a depth of 100 

cm. The pit was reduced to a 50 cm x 50 cm square in the 

southeast corner after the appearance of river gravels 

and a clay layer. The first 60 cm of the pit was composed 
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of brown/dark brown sand (7.5YR 4/2). The underlying 

sediment was a mixture of sandy gravel and strong brown 

clay (7.5YR 5/6) (Figure 4-3). Melon and lupin seeds were 

present to a depth of 35 cm, while roots and ant and worm 

activity were noted in the first 55 cm. The pH for Test 

Pit 2 is presented in Appendix 1. A charcoal sample from 

45-55 cm (spit 8) was dated at 780+70 BP (Beta 22790) 

(Appendix 5). A total of 152 stone artefacts was 

collected from this test pit (Table 4-1). No diagnostic 

pieces were observed. 

TABLE 4-1. Stone Artefact Collection from Test Pit 2, 
Kings Property (n=152). 

Stone Non-utilized Utilized Total 
Material No_. No. No. % 

Quartz 123 20 143 94 

Mylonite 3 2 5 3 

Dolerite 4 - 4 3 

Test Pit 3. 

Test Pit 3, named Kings Flood Plain Mound II, Site 

S1459, was located 110 m southeast of Mound I (Figure 4-

2). It was excavated in the red clay to a depth of 15 

cm. Only five pieces of quartz, one with use wear, and 

one green glass bottle fragment were excavated in the 

first 2 cm of the pit. This pit was closed at a shallow 

depth because the stone component was sparse, and 

excavating by hand was extremely difficult in the 

cemented clay. 
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Figure 4-3. Section of East Wall, Test Pit 2, Kings Property 
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Test Pit 4. 

Test Pit 4 was located on the site designated as Kings 

Home Paddock West (S1466), and was situated northeast of 

Kings Flood Plain Mounds on a lateritic embankment above 

the flood plain presently used as paddocks (Figure 4-2). 

The pit was excavated in 10 cm spits to a depth of 60 cm. 

Excavation ceased at this depth as the compacted sandy 

clay was too difficult to dig by hand. The sandy deposit 

of the first 40 cm ranged from yellowish brown sand (10YR 

5/4) near the surface, to light yellowish brown sand at a 

depth of 40 cm (10YR 6/4). From 40 cm to 60 cm, the sand 

was reddish yellow in colour (7.SYR 6/8), and more 

compact with increasing clay content (Figure 4-4). Seeds 

and roots were absent and insect activity ceased at a 

depth of 50 cm. The pH for Test Pit 4 is presented in 

Appendix 1. A charcoal sample from 20-30 cm (spit 4) was 

dated at 1290+50 BP (Beta 22791) (Appendix 5). Table 4-2 

presents the types of stone artefacts found in the test 

pit. Four adzes were identified from Test Pit 4. 

TABLE 4-2. Stone Artefact Collection from Test Pit 4, 
Kings Property (n=385). 

Stone 
Material 

Quartz 

Mylonite 

Dolerite 

Other Stone 

Non -util 
No. 

305 

5 

13 

4 

iz ed Ut iliz 
No. 

57 

1 

-

-

ed Total 
No. % 

362 94 

6 2 

13 3 

4 1 
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Test Pit 5. 

Test Pit 5 was located southeast of the other test 

pits on an alluvial embankment on the south side of the 

Helena River (Figure 4-2). It was designated as Ant Hill 

Mound II (S1460) and excavated to a depth of 50 cm. With 

the exception of 16 quartz pieces found within the first 

5 cm, no other stone material was found. All of the 

pieces were less than 1.5 cm2 in area and only two had 

been utilized. Seeds and roots were absent, though insect 

activity was noted to the base. 

Discussion 

The five test pits excavated east of the Helena River 

site indicated late Holocene occupation. This is 

supported by the lithology, typology and dates from Test 

Pits 2 and 4. The continual reworking of the topsoil 

over the years, by both plowing and stock treadage, 

presented a picture of an extensive surface site during 

the original survey. At that time fragments of grinding 

material and a few pieces of fossiliferous chert were 

also observed, though these were not noted during the 

test excavations. The former had been removed by the 

present owner however, as a pile of grinding stones was 

observed on the lateritic embankment near Test Pit 4. The 

flood plain itself was probably used only during the 

summer months, as damp and wet conditions would have made 

camping impractical, if not impossible, during the 
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winter. The suggestion that occupation of this area is 

recent is based on the date from Test Pits 2 (780 BP), 

and the assemblages from Test Pits 1 and 3. Occupation 

during the rest of the year was probably along the higher 

embankments adjacent to the Helena River. This was 

indicated by the amount of surface and subsurface 

material on the lateritic plateau where Test Pit 4 was 

located, and by the scatters surveyed in the elevated 

terrains east of this area. These, however, were also 

late Holocene occupation sites. 

CONCLUSION 

In this chapter 1 have discussed the survey and test 

excavations of the Lower Catchment area of the Helena 

River Valley, and also test excavations adjacent to the 

Helena River site. Initially, the survey and test 

excavations of the Lower Helena Catchment area were 

undertaken to resolve problems raised by the 

investigation of the Helena River site, and other 

excavations I had completed on the Swan Coastal Plain. 

Specifically, I was surveying for caves and rockshelters, 

in an attempt to establish better stratigraphic and 

chronological controls for assemblages from the coastal 

plain, and to also corroborate the sequences established 

by Pearce at the Walyunga site. 
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While no occupied caves or rockshelters were found, 

other types of sites were located in the survey area. 

These included temporary occupation sites, quarries and 

stone arrangements. All three types of sites were 

located in areas of easy accessibility to either the 

coastal plain or plateau, and adjacent to the eastern and 

western ends of the Lower Helena Catchment area. As a 

result of the survey and test excavations, it was 

proposed that this area was exploited for stone and food 

resources, and possibly used for social and ceremonial 

purposes, by groups located on the coastal plain and 

plateau. 

I then directed my attention to the coastal plain, 

specifically to that area adjacent to and east of the 

Helena River site. Here sites had been located in 

previous surveys. I had originally hoped to find an 

extension of the artefact deposit in the old river 

channel of the Helena River site dated to 29,000 BP. 

Five test pits were excavated, but unfortunately no stone 

material was found in the three sites (Test Pits 1, 3 and 

5) excavated below the plowzone in the red clay 

associated with the early date at the Helena River site. 

In addition, exposed sections of this deposit at 

different points along the river did not yield artefacts 

either, and I can only conclude that the Helena River 

site is unique. 

119 



I subsequently decided that any further excavation of 

test pits either in the Helena River Valley or at other 

sites on the Swan Coastal Plain, would not solve any of 

the interpretive problems discussed in the previous 

chapter. Thus, I turned my attention to the assemblages 

from these excavated sites. As previously discussed, 

these assemblages had already been analyzed in terms of 

the presence or the absence of certain lithological and 

typological characteristics. I decided that a re

examination of these assemblages from the Helena River 

Valley and other adjacent areas, especially their 

abundant quartz component, may possibly hold the 

answer(s) to problems of interpreting assemblages and 

their dates. The re-examination of these assemblages, and 

the results, are discussed in Chapters 5 to 8. 
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CHAPTER 5. 

METHODS 

Chapter 1 reviewed the prehistory of the Swan Coastal 

Plain. To recapitulate briefly, changes in artefact 

technology occurred on the Swan Coastal Plain around 4600 

BP, as demonstrated by Pearce's (1978) excavations at 

Walyunga. These changes were associated with the 

appearance of flat adzes dated 4560 to 3220 BP and backed 

pieces from 3220 to about 1300 BP. In addition, Pearce 

found variation in flake size and mass from his analysis 

of primary and secondarily-worked flakes from the lowest 

dated deposit at 8000 BP to the most recent at 1300 BP. 

This change in technology, along with the replacement 

of fossiliferous chert by mylonite, established the 

framework used by Hallam (1972) to identify and date 

surface scatters and undated deposits on the Swan Coastal 

Plain. However, mylonite and fossiliferous chert are 

usually small components of artefact assemblages, most 

of which are dominated by quartz. Quartz comprised more 

than 80% of the Walyunga assemblage (Pearce 1978:3), 

while the majority of surface scatters and deposits 

located near the Darling Scarp contain 90% to 100% 

quartz. 
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Problems of interpretation can arise where quartz is 

the only raw material or where specific tool types are 

absent. In the study area, the general lack of clearly-

dated stratigraphic sequences and of organic material 

other than charcoal, the absence of past environmental 

data, and the nature of the soil matrices in which 

scatters and deposits are found, compound these problems 

of interpretation. Site formation processes, natural 

and/or artificial, add further to this confusion. 

Apart from a few surface scatters located near the 

coast, quartz has been a major component of stone 

artefact assemblages on the Swan Coastal Plain for the 

last 40,000 years. However, no detailed examination has 

been made of quartz technology. The subject of this 

thesis, then, is the examination of quartz technology, 

specifically debitage, from dated sequences on the Swan 

Coastal Plain. Primary emphasis is on excavations in the 

Helena River Valley but as discussed in Chapters 3 and 

4, other dated excavations are used for comparison with, 

or to complement, the sparse assemblages from this 

area. 

Debitage is the major component of the quartz 

assemblages which constitute many of the surface scatters 

still evident in undeveloped areas on the Swan Coastal 

Plain, and which are thought to be evidence of brief 
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stops by people on their seasonal round. The availability 

of quartz was always assured and it was relatively 

easy to obtain, while debitage of other less available 

materials is often sparse or non-existent. Assemblages 

from sites which are interpreted as having been reused 

over time are similar, and though there may be more 

debitage overall and increased raw material variability 

in such places, quartz still predominates. It is for this 

reason that this study emphasizes the analysis of quartz 

debitage through time. In addition, it is proposed that 

the technological changes associated with the appearance 

of backed pieces and flat adzes should also be reflected 

in the debitage component of dated excavations from the 

Swan Coastal Plain. While these specific tool types and 

stone materials other than quartz are often rare or 

absent in assemblages, it is reasoned that change should 

be identifiable through the analysis and comparison of 

quartz debitage from before and after 4600 BP. 

Chapters 3 and 4 discussed the data used in the 

analysis. This chapter considers the analytical methods 

to be used, with specific emphasis on the consideration 

of debitage. Initially I examine the types of stone 

found in these assemblages, then review previous quartz 

and debitage studies. Next I consider the classification 

scheme used for both the debitage and total assemblage 

analyses. It is proposed that the additional information 

obtained by using the debitage analyses together with the 
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total assemblage analyses should demonstrate whether 

technological change occurred around 4000 to 5000 BP, as 

well as help resolve problems of interpretation of 

undated excavated assemblages and surface scatters. 

Finally I discuss the statistical tests used in the 

analyses. 

ARTEFACT LITHOLOGY 

The raw materials under consideration include quartz, 

mylonite, fossiliferous chert, silcrete, dolerite and 

other stone material. Quartz is the predominant raw 

material in all assemblages analyzed here, and is 

discussed at length after a brief examination of the 

other stone materials. 

Mylonite. This stone generally fractures subconchoidally 

and ranges in colour from pale greenish yellow to light 

greenish grey, and is often stained by the soil matrix in 

which it is found. The rock is composed of feldspar and 

small quartz grains; its greenish hue comes from the 

epidote content (Glover 1976:33). Some pieces contain 

faults and quartz veins. Nevertheless it may have been 

sought after and possibly used as an item of trade 

because it has better flaking properties than quartz. 
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Only one quarry has been located near the study area, 

adjacent to the Walyunga site. However, as outcrops are 

present in shear zones on the western edge of the Darling 

Scarp, other unlocated quarries probably exist in the 

region. While mylonite forms only a small percentage of 

most assemblages, many pieces exhibit evidence of 

utilization. 

Fossiliferous Chert. This material fractures 

conchoidally and can range in colour from bluish-grey to 

chalky white, often taking on the colour of the soil 

matrix in which it is found. Glover (1984:21) describes 

this Eocene chert as a "silicified sedimentary rock 

originally composed of fossiliferous limestone or 

mudstone,...[which] consists mainly of very fine grained 

to cryptocrystalline quartz containing well-preserved 

palimpsests of fossils." 

Fossiliferous chert remains an archaeological enigma. 

Its source probably lies offshore on the presently 

submerged coastline of the Perth Basin. Compared with 

assemblages near the present coast, the material only 

makes up a small proportion of assemblages near the 

Darling Scarp. Nevertheless, it was probably highly 

sought after for tool-making because of its physical 

properties. As previously discussed, its suitability as 

a time marker for surface scatters is uncertain and 

debate about its possible early offshore sources and the 
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time of the submergence of the present coastline 

continues. The presence of small flakes and fragments 

in deposits dated within the last thousand years could 

result from mixing by any number of site formation 

processes. It could also result from reuse or the 

existence in the Holocene of non-submerged sources. For 

the present, the issue of its source is not clear. 

Silcrete. This sedimentary rock is composed of quartz 

granules, heavy minerals and feldspar, cemented by 

silica. Glover (1984:23) considers that it was formed in 

the Eocene or later, with its probable source near the 

present coastline, either submerged or covered by coastal 

sand dunes. Onshore outcrops are known north and south 

of the study area, and it is possible that silcrete could 

have been used as an item of trade. The use of the 

material on the Swan Coastal Plain was limited, however, 

as flakes or traces are only occasionally noted in 

artefact assemblages. 

Dolerite. This igneous rock is located along the Darling 

Scarp in dykes in the Yilgarn Block and can be either 

coarse or fine grained. It is readily obtainable in 

natural outcrops scattered throughout the Scarp area, or 

as water-worn pebbles in streams which drain the area. 

Two quarries were located in the Helena River Valley 

during the survey. Dolerite was often used on the Swan 
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Coastal Plain as grinding material. Flakes and cores have 

been found at various sites, but form small percentages 

of assemblages. 

Other Stone Material. Occasional pieces of granite, 

quartz-schist, gneiss and laterite are also found in 

artefact assemblages, and are available in the Yilgarn 

Block along the Darling Scarp. Granite was suitable for 

grinding material. While a few fragments and flakes of 

schist, gneiss and laterite were noted in assemblages 

adjacent to the Scarp, they are not suitable for flaking 

and their use(s), if any, is unknown. 

Quartz. Quartz is abundant and readily available in the 

study area near the Darling Scarp and foothills in the 

form of veins, naturally-eroding scatters, and pebbles in 

the Helena River. As noted, most artefact assemblages on 

the Swan Coastal Plain contain 90% to 100% quartz. With 

respect to tool-making, Glover (1975b:78; 1984:22) 

distinguishes quartz from quartzite, applying "quartz" 

only to rock crystal and "quartzite" to all 

polycrystalline rock. He does this because of the 

difficulty in differentiating highly silicified ortho-

quartzites (pure sandstone rock cemented by quartz-

bearing solutions) and meta-quartzites (pure sandstone 

which has been recrystalized through high temperatures 

and pressure). These geological distinctions are not 

often used by archaeologists, and are not used here, 
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where quartz is defined simply as fine-grained silicon 

dioxide. Three types are distinguished, crystal quartz, 

vein quartz and quartzite, and are discussed below. 

Pure quartz forms colourless, transparent to 

translucent rock crystals, with a lustre resembling wax 

on a freshly broken surface. Vein quartz, also known as 

milky quartz, is nearly opague and milky-white in 

appearance. While both varieties of quartz were used on 

the Swan Coastal Plain for tool manufacture, vein quartz 

occurs more frequently on sites, probably because of its 

easy accessibility and abundance. Quartzites are usually 

found as boulders or river pebbles, with well-rounded 

grains cemented or recrystallized in a sandy matrix 

(Talent 1970:102-105, 177, 258). Quartzite pebbles were 

often used as hammerstones or for grinding, as they are 

usually unsuitable for flaking. 

The physical and mechanical properties of quartz in 

terms of tool manufacturing are also important to the 

archaeologist. Quartz is a hard rock (7 on Mohs' scale), 

which, when fractured, produces knife-edged chips which 

will scratch steel. It is also highly reflective, and so 

is easily observed on the landscape where it occurs 

naturally. Pure crystal quartz without internal flaws 

fractures conchoidally, whereas vein quartz does not 

because of the crystal boundaries within it. Internal 

fractures caused by post-depositional factors, frequently 
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evidenced by brown or red staining which can indicate 

water seepage, can often be noted in vein quartz 

(Kamminga 1982:24). The surface texture of vein quartz 

can range from smooth to sugary. Thus, the flaking 

characteristics of quartz are dependent on its physical 

make-up and crystal growth patterns. Knight (n.d.:6) 

states that these qualities are dependent on the 

"...homogeneity, crystal size, the strength of bonds 

between crystals and the presence and number of fracture 

planes..." which a particular piece might possess. Both 

Knight (n.d.:10) and Kamminga (1982:24) found that size 

of vein quartz is also important, as small pieces are 

less likely to fracture and more likely to be of good 

quality for flaking. It should also be noted that while 

vein quartz is more likely than crystal quartz to be 

flawed, both are often internally flawed during flaking 

(Kamminga 1982:24). 

PREVIOUS QUARTZ AND DEBITAGE RESEARCH 

With few exceptions, past investigations in Australia 

have dealt with quartz as a numerically large but 

unimportant part of larger assemblages, and instead have 

focussed their attention on other types of stone. Most 

early interest centred on classification systems, 

typological analysis and change through time in 
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particular tool types (e.g. Lampert 1981; Mulvaney 1975; 

Pearce 1979). Since the English-language publication of 

Semenov's (1964) microscopic use-wear analysis, this 

emphasis has changed and innovative research has led to 

the development of functional and technological 

approaches to stone artefact assemblages. Both rely on 

the use of microscopic analysis and replication of 

artefacts, depending on the problems pursued. Functional 

approaches investigate artefact function through use-wear 

assessment. During the 1970s these became known as 

"high-power" or "low-power" approaches. "High-power" 

studies are those which use binocular microscopes with 

24-400 times magnification, as well as scanning electron 

microscopes with 1000-5000 times magnification (Keeley 

1980; Keeley and Newcomer 1977). "Low-power" studies use 

binocular microscopes with 40-100 times magnification 

(Tringham et al. 1974; Odell 1977; Odell et al. 1980). 

Though specific quartz studies are few and far 

between, they have added to the growing body of 

literature dealing with functional and technical studies 

of stone artefacts. Most of these investigations use both 

microscopic analysis and replication to answer specific 

questions of tool use (e.g. Broadbent and Knutsson 1975; 

Dickson 1977; Knutsson 1986; Sussman 1985), or to deal 

with total assemblages (e.g. Flenniken 1981; Perham 1985; 

Phillipson et al. 1970; Schackley and Kerr 1985). Of 

particular interest is Schackley and Kerr's (1985) 
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research, which investigated quartz flaking techniques 

through microwear analysis. They compared a replicated 

quartz assemblage to one created by a Namibian tribesman, 

but unfortunately not all their data were published and 

they reached uncertain conclusions, which is not rare 

with quartz studies. 

Of specific relevance to my research is Hiscock's 

(1982) technological analysis of quartz surface 

assemblages from the south coastal plain of New South 

Wales. Hiscock investigated raw material types, 

technology and use-wear in small, low-density artefact 

scatters which included few formal tools. While his 

analyses produced more questions than answers, his 

arguments and the implications of his work have provided 

researchers with new areas to investigate concerning 

stone technology, especially as regards quartz. His 

subsequent research (1984, 1985, 1986, 1988) has added 

considerably to my investigation of quartz, and 

especially quartz debitage analysis. 

Specific interest in debitage, or flaked stone that 

is not identifiable as cores or tools, is not new. 

Rather, the research questions and methods have changed, 

especially in European and American prehistory 

(e.g. Burton 1980; Pitts 1978; Sullivan and Rozen 1985). 

Many recent debitage studies are concerned with how 

flakes are formed as part of the whole industrial 
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process, and often use replication, use-wear assessment 

and multivariate analysis to investigate problems of site 

formation and technological change (e.g. Draper 1985; 

Fish 1981; Moss 1986; Stahle and Dunn 1982). While none 

of the aforementioned studies is directly applicable to 

the problems addressed here, investigations dealing with 

technological change through debitage analysis of other 

stone are relevant. For example, Pitts (1978) was 

concerned with debitage, which he defined as featureless 

flakes, as an indication of technological change. He used 

multivariate analysis of length-breadth ratios of flakes 

from British and Italian assemblages to investigate 

change as well as promote this methodology as a uniform 

framework for pan-European studies. While not using 

replication, he felt this approach could be employed to 

complement other sorts of debitage analysis. In 

Australia, Hiscock (1986) used a large number of 

attributes in a reinvestigation of late Holocene 

technological change in the Hunter Valley. 

In summary, all of these studies, while disparate in 

their particular research questions, have provided 

background knowledge and data that have been invaluable 

to my understanding of quartz technology and debitage 

analysis. The next section discusses the classification 

and analysis of the data base. 
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CLASSIFICATION AND ANALYSIS 

Two studies were of particular importance in the 

construction of a classification system for the data 

base discussed in Chapters 3 and 4. Sullivan and Rozen's 

(1985) development of a typology for debitage was useful 

for the debitage analysis. The development of an overall 

classification scheme for all assemblages was based in 

part on Chapman's (1977) analysis of stone artefact 

assemblages in the Chaco Valley in the United States, 

Both investigations were important in the identification 

of attributes and in the establishment of basic 

categories for my analyses. 

In addition, I found the use of a binocular microscope 

(8-40 times magnification) necessary for all stone 

analyses, particularly for those of quartz. Microscopy 

was used for the categorization of individual pieces, as 

well as for the identification of edge damage in the form 

of use wear or retouch. It should be noted that while the 

emphasis here is quartz debitage, all stone artefacts in 

an assemblage were classified and analyzed in the same 

way. 

All stone material from the assemblages of the six 

major sites discussed in Chapters 3 and 4 was initially 

separated into raw material categories. All pieces were 
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sized by area into groups that are called 'area or size 

clusters', to the nearest 0.5 cm on centimetre-squared 

paper (0.5 x 0.5 cm; 1.0 x 1.0 cm; 1.5x1.5 cm and so 

forth). All material was then classified as either a 

flake, a core, an incomplete flake or an indeterminate 

piece. These categories are discussed below. 

Categories 

Flake. Flakes were the only measurable pieces within 

the debitage component of an assemblage which were used 

here for comparative purposes. Thus, for the remainder 

of this thesis the terms debitage and flake are 

interchangeable, unless stated otherwise. The following 

attributes were used to define flakes. A flake must have 

a ventral surface, intact margins and a point of applied 

force (PAF) with one or all of the following features: 1) 

a bulb of percussion; 2) ripple marks; and 3) force lines 

(see Figure 5-1). 

Quartz flakes may exhibit one or all of the above 

features on their ventral surfaces, depending on the 

physical properties of the raw material. The most 

important diagnostic attribute that was noted in most 

instances was the point of applied force (PAF). This 

usually consisted of a raised point or nub on the edge of 

the striking platform. For flakes <0.5 cm2 in size, the 

striking platform was often represented by a very thin 
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edge. If the nub was not present, radiating force lines 

indicated its position. As force lines were often not 

noticeable with either the naked eye or a hand lens, a 

low-powered microscope with a movable light source was 

used to illuminate them. Knight (n.d.) provides a 

complete discussion of vein quartz flaking attributes. 

Cores. Cores are pieces of stone from which flakes 

have been removed. Cores do not exhibit a bulb of 

percussion, but have a striking platform, or flat surface 

from which flakes were detached. For vein quartz, 

negative flake scars were often not observable but facets 

and force fractures were noted; again this depended on 

the composition of the material. Cores were divided into 

single platform or multi-platform cores, core fragments 

and bipolar pieces. Core fragments are small pieces or 

fragments which exhibit both edge damage from flaking 

(force features) and the presence of facets, but which 

have been detached from a core accidentally during 

flaking. Bipolar pieces are cores which exhibit opposed 

edge damage in one or more planes. 

Incomplete flakes. Incomplete flakes are flakes with 

broken margins. Such pieces were not measured for the 

debitage analysis. 

Indeterminate pieces. Indeterminate pieces are pieces 

of flaked stone which did not exhibit the attributes of 
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flakes or cores. They are fragments from the flaking 

process itself, with indeterminate striking platforms, 

points of applied force, and so forth. In the case of 

quartz, they could be pieces where the composition of the 

material itself precluded identification of diagnostic 

attributes. Such pieces could not be measured for 

inclusion in the debitage analysis. 

Artefacts with edge damage, that is, use wear and 

retouch, were also classified into one of the above four 

major categories. 

Material not included in the above categories includes 

grinding material, glass, ceramics, metal, ochre and 

non-artefactual stone. The last included water-worn 

pebbles, gravel and quartz nodules. 

Attributes 

The following is a discussion of the attributes 

considered for each of the categories previously 

described. The analytical procedures are based on 

Hiscock's work on mudstone flakes and technological 

change in the Hunter River Valley (1986:48-49). 

Debitage. Each flake was weighed to the nearest 0.01 

g. Length was measured from the PAF to the distal margin 

and width at right angles to the length, midway on the 
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flake. Thickness between the dorsal and ventral 

surfaces was measured at the same midway point as the 

width (Figure 5-2). All measurements were made with 

digital callipers to the nearest 0.01 mm. 

The platform of each flake was also measured. Platform 

thickness was the distance between the PAF and dorsal 

surface, and width was usually the distance between the 

two lateral margins (Figure 5-2). In some cases the 

platform width was not always equivalent to the distance 

between the two lateral margins. In such instances the 

latter distance was measured, and called the proximal 

width. These measurements were made with digital 

callipers to the nearest 0.01 mm. The presence of 

platform preparation was also noted in terms of whether 

the platform was unmodified and exhibited cortex, or 

prepared and exhibited flake scars. 

Individual flake measurements were entered into the 

MINITAB Release 7 Data Analysis System (1989), on an 

Amstrad PCI640 computer. Further attributes were 

calculated for each flake by the computer on the basis 

of those listed above. They included ventral surface 

area, platform area, elongation and parallel index. 

Ventral surface area was determined by multiplying flake 

length by flake width. Platform area was obtained by 

multiplying the platform thickness by the platform width. 

Elongation was characterized by dividing the length of a 
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Point of Applied Force [PAF] 

Force Line 

Bulb of Percussion 

Ripple marks 

Intact margin 

Figure 5-1. Features of a Flake (after Speth 1972) 

1. length, 2. width, 3. thickness, 4. platform thickness, 
5. platform width and proximal width 

Figure 5-2. Location of Flake Measurements 

Ventral surface 

Intact 
margin 
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flake by its width to determine a length:width ratio. The 

parallel index was calculated by dividing the flake's 

width by the proximal width of its platform. This 

indicated the flake's shape, that is, square, 

rectangular, triangular and so forth. 

Colour and texture were also considered for quartz 

flakes. Colour was either milky-white or 

translucent/semi-translucent; while texture included 

either fine grained or bubbly (sugary) quartz. Separate 

categories were created for colourless crystal quartz, 

chalcedony-like (waxy) quartz and other quartz, which 

included pieces which were any colour other than milky-

white . 

Cores. Individual cores were weighed and sized by 

area, and the platform type was noted when observable. 

Colour, texture, internal fracturing and the presence of 

cortex were also recorded. The same attributes were 

considered for bipolar cores. In some instances, multi-

platform cores were secondarily used for bipolar flaking, 

a feature that was also noted. Core fragments were 

grouped according to half centimetre size clusters and 

total numbers and weights for each cluster were recorded. 

Incomplete flakes. These pieces were grouped 

according to half-centimetre size clusters and total 

numbers and weights for each cluster were noted. 
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Indeterminate pieces. These pieces were also grouped 

according to half-centimetre size clusters and total 

numbers and weights for each cluster were noted. 

Edge damaged Pieces 

These pieces were recorded separately. They were 

initially classified into one of the four major 

artefact categories noted earlier and then individually 

described with respect to the location and type of edge 

damage, categories of which are described below. In 

addition, attributes such as weight, size, length, width, 

thickness, platform dimensions, and type and colour of 

quartz were noted, depending on which category of 

artefact was involved. 

Specific terminology to describe edge damage is 

problematic. Unfortunately, terms differ from author to 

author and illustrations and descriptions are often poor, 

which makes other research difficult to use for 

comparative purposes. The four terms used here are 

stepping, scaling, crushing, and rounding. Examples of 

these types of edge damage are shown in Figure 5-3 and 

described below. 

Stepping. This form of edge damage can result from 

primary flaking or use and gives the flaked edge a 

stepped or battered appearance. 
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0 

(Artefacts 1-8) 
cm 

1. Perfect quartz flake; 
a.saw-like use wear on 
lateral edges; 
b.small scalar scarring 
on ventral edge. 

2. Indeterminate flake/ 
piece of mylonite; 
a.adze wear/stepping 
on dorsal lateral edge. 

3. Quartz adze slug; 
a.step wear on dorsal 
lateral edge. 

4. Quartz multiplatform 
core; 
a.step wear; 
b.faint crushing 

5. Quartz backed piece; a.scalar scarring 

6. Quartz flake; a,rounding along utilised edge;b.scalar scarring on dorsal edge 

7. Fossiliferous chert rejuvenation flake; a.stepping (inbiting) 

8. Quartz bipolar core; a.stepping; b.crushing; c.scalar scarring on lateral edge 

9. Dolerite core; a.scalar scarring; b.stepping 

Figure 5-3. Examples of Edge Damage 

141 



Scalar Scarring. This sort of edge damage on cores, 

flakes and other pieces is produced by the removal of 

small scalar chips which produce sharp edges. It could be 

the result of either use wear or retouching. 

Crushing. This kind of damage results from 

pressure and force produced during bipolar flake 

production, when a core is held against another stone for 

support. 

Rounding. Edge damage of this sort produces rounded 

or dulled edges and could result from sawing, smoothing 

skin, vegetable fibers or from natural causes. While 

applicable, polish was not observed. 

These foregoing terms describe edge damage on 

utilized pieces and formal tools. Formal tool 

categories were noted when recognizable. The use of a 

microscope was invaluable in determining extent and type 

of edge damage, and as a result more pieces with edge 

damage were observed in this analysis than was noted in 

the original analyses of the collections used in the 

thesis. 

Stepping, battering and crushing are associated with 

tool manufacturing and so all pieces in any assemblage 

will display some of these types of damage. Determining 

the nature of damage associated with use depends on the 
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type, extent and placement of the damage itself. For 

example, a core categorized as "edge-damaged" could 

exhibit extensive battering, stepping and/or crushing on 

a number of surfaces and edges. In other words, its use 

was extended beyond that of producing flakes, as for 

example, woodworking. Scalar scarring, retouch and edge 

rounding or dulling can result either from intentional 

modification to rejuvenate or shape a piece, or from uses 

such as scraping or shaving bone, wood or skin, and the 

extent of damage depends on the surface being worked. 

Backed pieces can be manufactured in this manner, namely 

by running the margin to be blunted along a hard surface, 

and the pieces can then be used for a variety of 

purposes. Such matters are discussed at length by 

Kamminga (1982) and Phillipson and Phillipson (1970). 

Most edge-damage observed in this study is thought to be 

associated with use rather than retouch, though with 

quartz one cannot always be certain. 

STATISTICAL METHODS 

Basic flake attribute measurements were statistically 

manipulated to produce mean and median values, standard 

deviations and ranges for each assemblage. Initially, 

the Student's t test was used to compare individual 

attributes between assemblages, but it was 
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subsequently found that there was not a normal 

distribution of flake attributes in most samples. Non-

parametric Mann-Whitney tests (Agresti et al. 1979) were 

then used to test for significant differences between 

population medians within sites with a sequence of dates, 

between dated sites which were considered to be part of 

the same site group, between sites or site groups in 

different areas with similar dates, between sites or 

site groups in different areas with different dates, and 

from undated excavations and surface scatters to dated 

sites. The results of these analyses are presented in 

Chapter 7. 

CONCLUSION 

In this chapter, I proposed that an analysis of quartz 

debitage found in the dated excavated assemblages 

discussed in Chapters 3 and 4 would be valuable in 

determining the relative ages of surface scatters as well 

as resolving problems of undated deposits on the Swan 

Coastal Plain. Problematic issues associated with the 

framework presently used for interpreting the prehistory 

of this area were discussed in Chapter 2. 

While methods for the assemblage analyses were 

primarily focussed on quartz, all stone pieces were 
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examined microscopically and categorized. Chapter 6 

presents the results of the assemblage analyses. In 

addition, measurements were taken of all quartz flakes to 

determine flake size and shape and platform size. The 

statistical results of the flake analyses are considered 

in Chapter 7. An interpretation of both results is given 

in Chapter 8. 
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CHAPTER 6. 

ASSEMBLAGE ANALYSES 

This chapter presents the analyses of assemblages 

from the six site groups located on the Swan Coastal 

Plain that are described in Chapters 3 and 4. The 

assemblages include collections from two surface scatters 

and fourteen excavated sites. Four of the latter are 

undated. 

While this investigation is specifically concerned 

with quartz, the entire stone component of each 

assemblage is described. The results of the assemblage 

and edge damage analyses for each site are presented in a 

series of tables in this chapter. Separate tables for 

weights, area clusters and core classifications are 

presented in Appendices 2 to 4. 

THE ANALYSES 

The tables below present the data from the individual 

test excavations and surface scatters which are 

considered as site groups. Site groups are defined by 
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the proximity of sites to each other within a locality. 

For example, Test Pits 6, 7 and 9 in the Brigadoon area 

comprise the Brigadoon site group. The quartz component 

of the assemblages in each site group is shown within the 

tables. Footnotes at the bottom of each table denote 

other stone material that was identified, using the 

following abbreviations which represent these stone 

materials: mylonite (My), fossiliferous chert (FC), 

silcrete (Sil), dolerite (Dol) and other (O). The last 

category can include fragments of granite, quartzite, 

quartz schist and unidentifiable stone. 

The artefact categories used in the tables for the 

analyses of both the assemblages and edge-damaged 

pieces were discussed in Chapter 5. These and 

their abbreviations include: Indeterminate/Incomplete 

(Ind/Inc); Debitage (Deb); Core/Core Fragment (C/CF); and 

Edge Damaged (ED). 

Edge-Damage 

Edge-damaged pieces were identified as 

Indeterminate/Incomplete, Debitage or Core/Core Fragment, 

and sub-grouped by the type of edge damage exhibited, for 

example: Stepping (Step); Scalar Scarring (ScSc); 

Crushing (Crush); and Rounding (Rd). Some pieces 

exhibited combinations of edge damage types which are 

identified in the tables as: Stepping/Scalar Scarring 
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(Step/ScSc); Stepping/Rounding (Step/Rd); and Scalar 

Scarring/Rounding (ScSc/Rd). 

In the majority of assemblages, only the categories 

of stepped damage, scaling or scalar scarring 

and the combinations of stepping/scalar scarring, 

stepping/rounding and scaling/rounding were observed, and 

so the other categories were not included in the tables. 

Crushing is included as a separate category for those 

assemblages in which it is observed. Crushing is often 

associated with both stepping and scaling damage and in 

such cases is subsumed within either or both of these 

categories. Recognizable tool types for each test pit are 

shown at the end of each table, and include backed 

pieces, adze remnants or slugs and rejuvenation pieces. 

Backed pieces are flakes, usually crescent-shaped, with 

the point or distal end broken and retouch/scalar 

scarring on one lateral edge. Adze remnants or slugs are 

recognizable by their crescentic or trapezoidal shape, 

and stepped wear on one or two edges. Rejuvenation 

pieces are flakes which result from tool sharpening or 

rejuvenation and have striking platforms at right angles 

to the utilized edge. These pieces are often small and 

exhibit stepping, crushing or scalar scarring. 
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Site Groups 

This section deals with the assemblage analyses of the 

site groups. The Helena River site group is considered 

first as it is focal to this study, and is followed by 

the analyses of my excavated assemblages from Kings 

Property, Brigadoon and Bennett Brook. The collections 

from Walyunga and Upper Swan are considered separately as 

they were excavated by Pearce. Collections from 

individual spits are not presented here, as they have 

already been described in Chapters 3 and 4, and the total 

collections from all spits are discussed in the case of 

the dated spits and stratified soils from Walyunga and 

Helena River. It should be noted that assemblage totals 

from all test pits can differ from those described in 

Chapters 3 and 4. This situation applies primarily to 

the quartz component, some of which was proved to be non-

artefactual or actually mylonite by microscopic 

examination. 

HELENA RIVER 

Tables 6-1 to 6-8 present the analyses for the Helena 

River site group, specifically the collections from Test 

Pits 1, 4 and 5, as well as the surface scatter. 

149 



Test Pit 1. 

Test Pit 1 was separated into three levels based on 

sediment differences and radiocarbon dates. 0-43 cm 

depth (spits 1-7) comprised Level 1, and represents the 

approximate depth of disturbance or mixing between the 

surface and subsurface. This level was dated to 3750 BP 

at 23-28 cm depth. The red clay alluvium below 43 cm 

(spit 7) yielded two dates, 8300 BP from 83-103 cm depth 

(spit 11) and 29,400 BP from 123-143 cm depth (spit 13). 

Although there were no stratigraphic changes between the 

dated spits, I arbitrarily created Level 2 between 43-103 

cm depth (spits 8-11) and Level 3 between 103-143 cm 

depth (spits 12-13) based on the above dates. Level 2 is 

estimated to date from about 4000 to 8300 BP and Level 3 

from about 8300 to about 30,000 BP. The results of the 

analyses for Test Pit 1 are presented in Tables 6-1 and 

6-2. 

TABLE 6-1. Classification of Quartz Pieces from 
Test Pit 1, Helena River. 

Level Ind Total 
(Spit)& Depth /Inc Deb C /CF ED Pieces 

1 (1-7) 117 67 22 23 229^ 
0-43cm 

2 (8-11) 6 4 3 1 14** 
43-103cm 

3 (12-13) 1 3 1 - 5*^ 
103-143cm 

•Excludes 2 pieces FC. 
••Excludes 1 piece Dol. 
•••Excludes 3 pieces FC and 1 piece Dol. 
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TABLE 6-2. Classification of Edge-Damaged Quartz Pieces 
from Test Pit 1, Helena River. 

Level 
(Spit)& Depth Category Step ScSc 

Step/ 
Crush ScSc 

(l-7^) 
0-43cm 

2 
(8-11) 
43-103cm 

(12-13) 
103-143cm 

Ind/Inc 
Deb 
Cores 

Ind/Inc 
Deb 
Cores 

Ind/Inc 
Deb 
Cores 

3(cl) 
Hal) 

8(bl) 
4(bl) 

Kal) 
4(cl) 
1 

(a) number of adze remnants or slugs. 
(b) number of backed pieces. 
(c) number of rejuvenation pieces. 

•Excludes edge-damaged piece FC. 

Test Pit 4. 

This Test Pit is undated. The spits were divided into 

two levels based on sediment differences at spit 5. 

Level 1, combining the first five spits, (0-50 cm 

depth), was a disturbed and mixed layer of humic 

sediments and red sandy clay, designated as Brown Soil. 

Level 2, comprising 50-100 cm depth (spits 5-10), 

contained a mixture of red clay, sand and gravels 

designated as Red Soil. Tables 6-3 and 6-4 present the 

results of the analyses. 
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TABLE 6-3. Classification of Quartz Pieces from 
Test Pit 4, Helena River. 

Level Total 
(Soit)& Depth Ind/Inc Deb C/CF ED Pieces 
1 d-5) 
Brown Soil 192 70 26 48 336^ 
0-50cm 
2 (5-10) 
Red Soil 30 18 3 6 5 7 ^ 
50-100cm 
•Excludes 3 pieces My and 3 pieces FC. 
••Excludes 2 pieces My, 3 pieces FC and 1 piece Dol. 

TABLE 6-4. Classification of Edge-Damaged Quartz Pieces 
from Test Pit 4, Helena River. 

Level Step/ 
(Spit)& Depth Category Step ScSc Crush ScSc 

Ind/Inc 7(al,c2) 8(b3) 1 5 
3(al,c2) 5(bl) - 5 
3(al) 6 - 5(cl) 

1 l(bl) - 1 
l(bl) - 1 

- 1 

1 (1-5) 
Brown Soil 
0-50cm 

2 (5-10) 
Red Soil 
50-100cm 

Ind/Inc 
Deb 
Cores 

Ind/Inc 
Deb 
Cores 

(a) number of adze remnants or slugs. 
(b) number of backed pieces. 
(c) number of rejuvenation pieces. 

Test Pit 5. 

Test Pit 5 was dated to 9000 BP at 80-90 cm depth 

(spit 9). To account for mixing and disturbance of 

surface and subsurface sediments, I arbitrarily 

subdivided the deposit between Level 1, 0-40 cm depth 

(spits 1-4), and Level 2, 40-100 cm depth (spits 5-10). 

The results of the analyses are given in Tables 6-5 and 

6-6. 
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TABLE 6-5. Classification of Quartz Pieces from 
Test Pit 5, Helena River. 

Level Total 
(Soit)& Depth Ind/Inc Deb C/CF ED Pieces 
1 (1-4) 
0-40cm 51 26 11 11 99^ 

2 (5-10) 
40-100cm 13 1 2 2 18 

•Excludes 1 piece My. 

TABLE 6-6. Classification of Edge-Damaged Quartz Pieces 
from Test Pit 5, Helena River. 

Level Step/ 
(Spit)& Depth Category Step ScSc Crush ScSc 
1 Ind/Inc l(al) 2 - 2 
(1-4) Deb 2(c2) - 1 2(cl) 
0-40cm Cores 1 - -

2 Ind/Inc - - -
(5-10) Deb l(cl) - - -
40-100cm Cores - - 1 

(a) number of adze remnants or slugs 
(c) number of rejuvenation pieces. 

Surface Collection. 

Classification and edge-damage categories for Tables 

6-7 and 6-8 are presented by grid-square groups rather 

than by individual grid squares in the way the collection 

was presented in Chapter 3. 
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TABLE 6-7. Classification of Quartz Pieces from Surface 
Collection Squares 1-7, Helena River.• 

Square 
Group 
la-s 
2a-s 
3a-s 
4a-s 
5a-s 
6a-s 
7a-s 

Ind/Inc 
92 
214 
115 
68 
26 
44 
59 

Deb 
72 
156 
72 
30 
12 
23 
14 

C/CF 
21 
33 
27 
8 
6 
5 
14 

ED 
45 
88 
37 
17 
16 
16 
14 

Total 
Pieces 

230 
491 
251 
123 
60 
88 
101 

•Excludes 46 pieces My, 6 pieces FC and 14 pieces 
Dol. 

Discussion. 

The microscopic examination of stone pieces from the 

Helena River collections was useful in determining which 

pieces were artefactual, as well as observing edge damage 

on individual pieces. It should be noted that the total 

quartz component of each test pit assemblage is less than 

those from the collections described in Chapter 3. For 

example, eight pieces from Test Pit 1 and 19 pieces from 

Test Pit 4 were found to be non-artefactual. The 

difference was even greater in the surface assemblage, 

where 101 quartz pieces were found to be non-artefactual. 

The microscopic examination was also useful in 

determining stone types; four pieces of quartz from the 

surface collection, for example, were originally 

categorized as fossiliferous chert. Finally, the 

analyses identified more edge-damaged pieces, and thus 
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TABLE 6-8. Classification of Edge-Damaged Quartz Pieces 
from Surface Collection Squares 1-7, 

Helena River.• 

Square 
Group 

la-s 

2a-s 

3a-s 

4a-s 

5a-s 

6a-s 

7a-s 

Category 

Ind/Inc 
Deb 
Cores 

Ind/Inc 
Deb 
Cores 

Ind/Inc 
Deb 
Cores 

Ind/Inc 
Deb 
Cores 

Ind/Inc 
Deb 
Cores 

Ind/Inc 
Deb 
Cores 

Ind/Inc 
Deb 
Cores 

Step 

13 
9(c4) 
3 

ll(al) 
18(cll) 
2 

10 
7(c7) 
1 

3 
3(cl) 

5 
4(cl) 
2 

5(al) 
2(c2) 
2(al) 

4 
3 
~ 

ScSc 

4 
6(cl) 

6 
16(b2,( 
3 

4 
4 

2 
2 
1 

1 

1 
2 
1 

2 

" 

Crush 

-

2 
z4) 2(cl) 

1 

1 

1 

-

~ 

-

Step/ 
ScSc 

1 
7(bl,c4) 
2 

8(al) 
18(al,b3,c6) 
1 

1 
6(bl) 
3 

4 
Mel) 

1 
1 
2 

2 
1 

3(bl) 
2 

(a) number of adze remnants or slugs. 
(b) number of backed pieces. 
(c) number of rejuvenation pieces. 

•Excludes the following edge-damaged pieces fo 
surface collection squares: 

la-s 1 My and 1 FC (rejuvenation piece); 
2a-s 6 My (1 rejuvenation piece, 1 adze remnant; 
3a-s 1 My (rejuvenation piece, 1 FC and 1 Dol; 
4a-s 2 My; 
5a-s 1 My; 
6a-s 4 My (1 adze remnant)and 1 Dol (grinding); 
7a-s 1 Dol (grinding). 

r 
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increased the proportion of use-worn or retouched pieces 

to 10-15% of each assemblage, rather than the 5-10% 

found in the initial analyses. 

Kings Property 

The results for the analyses from Test Pits 2 and 4 

are presented in Tables 6-9 and 6-10. 

TABLE 6-9. Classification of Quartz Pieces from 
Test Pits 2 and 4, Kings Property. 

Test Pit 
2 
4 

Ind/Inc 
61 
223 

Deb 
16 
70 

C/CF 
8 
12 

ED 
11 
49 

Total Pieces 
96^ 

354^ 

•Excludes 5 pieces My and 2 pieces O. 
••Excludes 11 pieces My, 13 pieces Dol and 2 pieces 
0. 

TABLE 6-10. Classification of Edge-Damaged Quartz Pieces 
from Test Pits 2 and 4, Kings Property. 

Test Pit 

2* 

4* • 

Category 
Ind/Inc 
Deb 
Cores 

Ind/Inc 
Deb 

Cores 

Step 
1 

Mel) 
1 

13(a3,cl) 
7(c5) 
3 

ScSc 
2 
1 
— 

4 
3 
-

Crush 

_ 

— 

2 
1 
-

Step/ 
ScSc 
2 
2(c2) 
1 

8(al,cl) 
5(c5) 
3 

(a) number of adze remnants or slugs. 
(c) number of rejuvenation pieces. 

•Excludes 2 My (1 rejuvenation piece) and 1 Quartzite 
hammerstone. 

••Excludes 3 My (1 rejuvenation piece) and 1 Quartzite 
piece. 
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Brigadoon 

Tables 6-11 and 6-12 incorporate the assemblage data 

from Test Pits 6, 7 and 9 at Brigadoon. 

TABLE 6-11. Classification of Quartz Pieces from Test 
Pits 6, 7 and 9, Brigadoon. 

Test Pit Ind/Inc Deb C/CF ED Total Pieces 

6 241 102 26 41 410*' 
7 145 50 7 27 229*^ 
9 355 109 16 32 512^^ 

•Excludes 52 pieces My, 4 pieces FC, 22 pieces Dol 
and 7 pieces O. 

••Excludes 37 pieces My, 1 piece FC, 2 pieces Sil, 
8 pieces Dol and 5 pieces O. 

•••Excludes 20 pieces My, 1 piece FC, 1 piece Sil, 9 
pieces Dol and 13 pieces O. 

TABLE 6-12. Classification of Edge-Damaged Quartz Pieces 
from Test Pits 6,7 and 9, Brigadoon.• 

Test 
Pit 
6 

7 

9 

Category 
Ind/Inc 
Deb 
Cores 
Ind/Inc 
Deb 

Cores 
Ind/Inc 
Deb 
Cores 

Step 
ll(al) 
8(c8) 
1 
2 
9(c5) 
1 
7 
6(c4) 
2 

ScSc 
6 
6(c2) 
-

3 
3(cl) 
-

2 
5(b3) 
-

Crush 
-

1 
-

1 
-

1 
-

-

— 

Step/ 
ScSc 
4 

Kcl) 
2 
4 
1 
2 
7(bl) 
-

— 

Step/ 
Round 

1 
-

— 
— 
— 

-
-

— 

— 

ScSc/ 
Round 

-

— 

— 
— 
— 

— 
-

3 
— 

•Excludes the following edge-damaged pieces for Test 
Pits 6,7 and 9. 
Test Pit 6: 5 My (4 rejuvenation pieces), 1 Granite 
(grinding), 1 Quartzite (hammerstone). 

Test Pit 7: 7 My (2 adze remnants, 2 rejuvenation pieces), 
1 piece Dol. 

Test Pit 9: 3 My (1 adze remnant) 1 Dol and 1 Quartzite 
(hammerstone). 

(a) number of adze remnants or slugs. 
(b) number of backed pieces. 
(c) number of rejuvenation pieces. 
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Bennett Brook 

Test Pits 1 and 2 from Bennett Brook were not dated. 

I originally interpreted the assemblages from both test 

pits as very recent on the basis of artefact size, 

lithology and the types of formal pieces. As there was 

no clear stratigraphy, or indication of extensive use of 

this area over time, I proposed that the 

deposition of artefacts resulted from site formation 

processes in the loose sandy sediments as discussed in 

Chapter 3. The assemblages from both test pits are 

presented in Tables 6-13 and 6-14. 

TABLE 6-13. Classification of Quartz Pieces from Test 
Pits 1 and 2, Bennett Brook. 

Test Pit Ind/Inc Deb C/CF ED Total Pieces 

1 45 16 1 16 78^ 

2 122 31 7 19 179^ 

•Excludes 4 pieces My and 1 piece Sil. 
••Excludes 5 pieces My. 

TABLE 6-14. Classification of Edge-Damaged Quartz Pieces 
from Test Pits 1 and 2, Bennett Brook. 

Test Step/ 
Pit Category Step ScSc Crush ScSc 
1 Ind/Inc 7(al) 5 

Deb l(cl) - - 1 
Cores 1 1 - ~ 

2 Ind/Inc 6(cl) 2 1 1 
Deb 5(c5) 2 - 1 

Cores - 1 - — (a) number of adze remnants or slugs. 
(c) number of rejuvenation pieces. 
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Discussion. 

The microscopic analyses of the collections from Kings 

Property, Brigadoon and Bennett Brook produced results 

similar to those observed in the assemblage and edge 

damage analyses of the Helena site group collections. 

Some quartz pieces from each assemblage were identified 

as non-artefactual. Stone material categorized as Other 

Stone in the Bennett Brook assemblages was identified as 

mylonite and silcrete. Finally, in most cases, the 

proportion of quartz pieces with edge-damage increased 

in most of the collections as a result of the microscopic 

examination of the assemblages. The percentage of edge-

damaged pieces ranged from 10% in Brigadoon Test Pit 6 

to 21% in Bennett Brook Test Pit 1. The only exception 

was the assemblage from Test Pit 9 at Brigadoon, where 

edge-damaged pieces comprised only 6% of the total 

collection. 

The remainder of this chapter discusses the analytical 

results of the Walyunga and Upper Swan assemblages. 

Tables 6-15 to 6-20 present the data on assemblage and 

edge-damage studies. 
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Walyunga 

The assemblages from Walyunga Test Pit C18 are 

presented by the dated spit sequences given by Pearce 

(1978:2). These are: Spits 1-4 (0-1330 BP); Spits 5-14 

(1330-3220 BP); Spits 15-17 (3220-4560 BP); Spits 18-19 

(4560-6135 BP); Spits 20-32 (6135-8000 BP); and Spits 33-

39 (>8000 BP). The results for the assemblage and edge-

damage analyses are given in Tables 6-15 and 6-16. 

TABLE 6-15. Classification of Quartz Pieces from 
Test Pit C18, Walyunga. 

Spit 
(Depth) 

1-4 
(0-25cm) 
5-14 
(25-65cm) 
15-17 
(65-80cm) 
18-19 
(80-90cm) 
20-32 
(90-155cm) 
33-39 
(155-190cm) 

Ind/Inc 

561 

258 

82 

71 

651 

181 

Deb 

125 

73 

11 

12 

121 

62 

C/CF 

13 

4 

2 

3 

12 

4 

ED 

90 

32 

7 

6 

47 

5 

Total 
Pieces 

a 
789 

b 
367 

c 
102 

d 
92 

e 
831 

f 
252 

a Excludes 101 pieces My, 4 FC, 1 Sil, 22 
Dol and 8 O. 

b Excludes 55 pieces My, 3 FC,7 Dol and 10 O. 

c Excludes 6 pieces My, 3 FC, 2 Sil, 12 Dol, and 
5 O. 

d Excludes 6 pieces FC, 2 Sil, 6 Dol, and 4 0. 

e Excludes 21 pieces My, 40 FC, 14 Sil, 51 Dol, 
and 12 O. 

f Excludes 6 pieces My, 6 FC, 7 Sil, 5 Dol and 
6 O. 
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TABLE 6-16. Classification of Edge-Damaged Quartz 
Pieces from Test Pit C18, Walyunga.• 

Step Step ScSc 
Spit Category Step ScSc Crush /ScSc /Rd /Rd 

1-4 Ind/Inc 26(a2) 9 2 5 1 1 
Deb 17(cl5) 5(bl,cl) 1 6(c4) 1 2 

Cores 9 2 - 2 - 1 

5-14 Ind/Inc 2 4(bl) - 3(al) 
Deb 10(c9) 3(bl,c2) - 7(al,bl,c4)-
Cores 1 1 - 1 - -

15-17 Ind/Inc 3 3 - - - -
Deb l(cl) - - - -

Cores - - - - - -

18-19 Ind/Inc 1 1 - - -
Deb l(cl) - - - - -

Cores 3(dl) - - - -

20-32 Ind/Inc 18(al,dl) 3 - 3 - -
Deb 9(cl) 6 - 3 1 2 

Cores - - - 1 1 -

33-39 Ind/Inc 1 - 1 -
Deb 2 1 - - - -

Cores - - - - - " 

(a) number of adze remnants or slugs. 
(b) number of backed pieces. 
(c) number of rejuvenation pieces. 
(d) number of hammerstones. 

•Excludes the following edge-damaged pieces for spits 
1-39: 
Spits 1-4 9 My (3 adze remnants;3 rejuvenation pieces), 

1 Quartzite hammerstone. 
Spits 5-14 11 My (6 adze remnants;5 rejuvenation pieces), 

1 Dol, 2 Granite. 
Spits 15-17 2 My (1 adze remnant). 
Spits 20-32 1 My, 1 FC. 
Spits 33-39 1 Dol, 3 Quartzite. 
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Discussion. 

The analysis of the above data proved to be an 

interesting exercise when the results were compared to 

those of Pearce's earlier analysis. On the whole, my 

work indicated that 441 of his quartz pieces were in fact 

non-artefactual, or could be reclassified as mylonite or 

fossiliferous chert. In addition, it was found that 

fossiliferous chert was observed throughout his dated 

sequences, although the amounts were small. Dr. John 

Glover (Geology Department, University of Western 

Australia pers comm.) confirmed the identification of the 

fossiliferous chert. 

Comprising 85% of the total assemblage, the quartz 

component from Test Pit C18 was less than the 93% 

calculated in Pearce's original analysis. This can 

probably be accounted for by the inclusion of dolerite 

and other stone in the totals and by the microscopic 

identification of additional pieces of fossiliferous 

chert, mylonite and silcrete. The other interesting 

aspect was that the percentage of edge-damaged quartz 

pieces was smaller than the proportion noted in the other 

sites, averaging about 8% of all pieces. I attributed 

this to the availability and use of stone other than 

quartz. 
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Upper Swan 

Test Pits. 

Assemblages from three test pits, Squares 8, 2-12 and 

2-13, were analyzed. These assemblages were considered 

together because each was small, and the red alluvial 

clay from which they were excavated is considered to have 

been deposited in one flood event dated to between 31,500 

and 39,500 BP. Tables 6-17 and 6-18 present the data 

from the three pits. 

TABLE 6-17, Classification of Quartz Pieces from Test 
Pits 8, 2-12 and 2-13, Upper Swan. 

Test Pit Ind/Inc Deb Cores ED Total Pieces 
8 
2-12 
2-13 

2 
58 

120 
20 
28 

1 
3 

1 
2 
4 

3^ 
81** 

155*^ 
•Excludes 1 piece FC. 

••Excludes 2 pieces My, 6 FC, 1 Dol and 1 piece O. 
•••Excludes 5 pieces My, 4 FC, 9 Dol and 1 piece O. 

TABLE 6-18. Classification of Edge-Damaged Quartz Pieces 
from Test Pits 8, 2-12 and 2-13, Upper Swan. 

Test Pit Category Step Step/ScSc 
8 • 

2-12 

2-13 

Ind/Inc 
Deb 

Cores 
Ind/Inc 
Deb 
Cores 
Ind/Inc 
Deb 

Cores 

1 
2 (c2) 

1 

1 

1 

•Excludes 1 edge-damaged piece FC. 
(c) number of rejuvenation pieces. 
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Surface Collection. 

Three squares, 7, 11 and, 19 were used for the 

analysis. They were combined into one group for the 

analysis. The analytical results are presented in 

Tables 6-19 and 6-20. 

TABLE 6-19. Classification of Quartz Pieces from 
Upper Swan Surface Collection. 

Surface Square Ind/Inc Deb C/CF ED Total Pieces 

7, 11 and 19 27 18 6 8 59*" 

•Excludes 2 pieces My, 9 pieces FC, 1 piece Dol and 4 
pieces 0. 

TABLE 6-20. Classification of Edge-Damaged Quartz Pieces 
from Upper Swan Surface Collection. 

Category Step ScSc Step/ScSc 

Ind/Inc 1 2 2~~ 
Deb 1 - -
Cores 2 - -

Discussion. 

The results from the test pits and surface scatter 

could not be compared with Pearce's results as his data 

were not available. However, quartz is the major 

component in each test pit and, when all three 

assemblages are combined, comprises 89% of the total. 

Stone variability was similar to that found at Walyunga 
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and included mylonite, fossiliferous chert, dolerite and 

other stone. There were few pieces with apparent edge-

damage, which could be partly attributed to weathering of 

the stone. The few pieces from the early deposit at the 

Helena River site exhibited similar rounding, dulling and 

decomposition. 

Unfortunately, prior to Pearce's (Pearce and 

Barbetti 1981) investigation of the Upper Swan Site, most 

of the assemblages from the surface squares had been 

mixed by various site formation processes. The three 

squares used in this analysis appeared to be the least 

disturbed on the basis of Pearce's notes. As the tables 

show, the total number of artefacts was small, but I felt 

it was sufficient for comparative purposes. The total 

quartz component of all assemblages was 78%, and of this, 

14% showed edge-damage. 

CONCLUSION 

The classification and edge-damage analyses have 

emphasized the quartz component of assemblages from six 

site groups on the Swan Coastal Plain. The site groups 

include the one in the Helena River Valley that is the 

main focus of this study, as well as those of Kings 

Property, Brigadoon, Bennett Brook, Walyunga and Upper 

Swan. 
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The usefulness and importance of microscopic analysis 

in distinguishing between artefactual and non-artefactual 

quartz pieces and in determining edge damage has been 

demonstrated throughout this chapter. It was observed 

that the proportion of edge damaged quartz pieces 

averaged about 12% of the total assemblage compared to 

around 7% for the initial analyses of these sites. The 

value of such analysis is illustrated further by the 

identification of small pieces of fossiliferous chert, 

unobserved or misinterpreted as either quartz or mylonite 

in the original analysis of the Walyunga assemblages. The 

presence of this stone in all dated assemblages casts 

considerable doubt on Pearce's original interpretation 

that fossiliferous chert was not used after 4000 BP. 

Whether it was still being quarried after this date 

cannot be determined here, but it was certainly being 

used. 

The analyses also demonstrates that all assemblages 

were dominated by quartz, indicating that this was the 

principal stone material used for the manufacture of 

tools on the Swan Coastal Plain throughout prehistory. In 

most instances no major differences were noted for the 

quartz component when comparing the initial 

identification (Chapters 3 and 4) to that of the 

microscopic analyses for each site group. The only 

exceptions were Brigadoon Test Pits 6 and 7, in which 

quartz increased from 77% to 83% for Test Pit 6, and from 
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72% to 81% for Test Pit 7. This is accounted for by the 

identification of non-artefactual material in the Other 

stone category for each test pit. This material included 

granite, shirred quartz and quartz schist. Quartz 

comprised 85%, of the Walyunga assemblage, not the 93% 

calculated by Pearce. 

In addition, the variability and amount of materials 

such as mylonite, silcrete, fossiliferous chert and other 

flakeable stone was greater than in sites further south 

and west. This could be caused by distance from source, 

as in the case of mylonite where quarries have been 

identified near the Walyunga site. While the locations 

of fossiliferous chert and silcrete quarries are unknown, 

the identification of greater amounts of both at Walyunga 

could reflect the site's age, the quantity of deposit 

present and the relatively minor disturbance of the site. 

The conclusion of the assemblage analyses is presented 

in Chapter 7, which discusses the statistical results of 

the debitage analysis from each of the test excavations. 

In Chapter 8, the results of both the assemblage and 

debitage analyses are discussed in terms of their 

usefulness in interpreting surface assemblages and 

undated excavated assemblages. 
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CHAPTER 7. 

DEBITAGE ANALYSIS 

This chapter deals specifically with quartz debitage, 

the largest component of the stone assemblages under 

consideration. I proposed earlier that an analysis of 

the debitage from dated assemblages would assist in the 

interpretation of assemblages and technological change 

in the absence of chrono-stratigraphic controls. 

Specifically, it was proposed that an investigation of 

quartz debitage from dated sites in the Helena River 

Valley and on the Swan Coastal Plain may indicate 

chronological change in quartz technology. Indicators of 

change included types of quartz used, amounts of 

debitage, size and shape of debitage, and technological 

observations, such as the presence of backed pieces and 

an increase in rejuvenation pieces. The information from 

the analysis was then compared statistically among sites 

within the Helena River Valley, among sites on the Swan 

Coastal Plain and finally with undated test pits and 

surface sites within the Helena River Valley and on the 

Swan Coastal Plain. 

The debitage component of an assemblage was defined as 

those pieces which were flakes, incomplete flakes or 
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other indeterminate pieces resulting from tool 

manufacturing and which were not identifiable as cores or 

tools. However, measurements were only taken of 

complete flakes and included length, width and thickness, 

as well as platform width and thickness. Flake weight 

and area, as well as type of quartz and platform 

preparation were noted. Other flake attributes included 

flake and platform size and flake shape. 

The MIN1TAB Release 7 Data Analysis System (1989) 

statistical program was used to compute the results of 

the debitage analysis on an Amstrad PCL640 computer. Each 

assemblage was described statistically with the mean, 

median, standard deviation and range being calculated for 

measurements from each test pit. In cases where numbers 

were small and there was no statistical difference 

between the assemblages, the totals were combined within 

a site group; these are discussed below. 

The flake analysis begins with statistical 

descriptions of the debitage from the test pits, followed 

by a discussion of significant test results. Discussion 

of the data on platform preparation, colour and texture 

completes the chapter. 
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STATISTICAL DESCRIPTIONS 

The MINITAB program was used to organize and report 

statistical data for the debitage analysis. Initially, 

flake weights, sizes, platform sizes and shapes were 

described statistically for each assemblage. The results 

are presented below in a series of tables and include 

measurements of the assemblages from the Helena River, 

Kings Property, Brigadoon, Bennett Brook, Walyunga and 

Upper Swan sites. 

Helena River 

Basic statistical information for flake attributes 

of Test Pit 1 is described in Tables 7-1 to 7-3. The 

tables for Test Pit 1 are divided into separate spit 

groupings based on dates and stratigraphic divisions. 

Tables 7-4 to 7-6, for Test Pit 4, are divided into two 

groups based on stratigraphic differences alone as there 

were no dates from the excavation. The statistical 

information for debitage from Test Pit 5 is considered as 

one group in Tables 7-7 to 7-9. All analyzed pieces were 

from the undated upper 40 cm (spits 1-4) with the 

exception of one flake from spit 5. Tables 7-10 to 7-12 

present the statistical descriptions of all flakes from 

the undated surface collection. 

170 



TABLE 7-1. Size of Quartz Flakes froi Test Pit 1, Helena River, 

Attribute Statistic 
1 to 7 

Spit 
8 to 11 12 to 13 

Weight 

(i) 

Length 
(••! 

Width 

(••) 

Thickness 

(••! 

Ventral 
Area 

(uH 

Nuiber 
Kean 
Kedian 
St.Dev. 
Kiniiui 
Haiiiui 

Nuiber 
Mean 
Median 
St.Dev. 
Kiniiui 
Kaiiiui 

Nuiber 
Kean 
Kedian 
St.Dev. 
Kiniiui 
Kaiiiui 

Nuiber 
Kean 
Kedian 
St.Dev. 
Kiniiui 
Kaiiiui 

Nuiber 
Kean 
Kedian 
St.Dev. 
Kiniiui 
Kaiiiui 

67.00 
.43 
.16 
.58 
.02 

2.74 

67.00 
10.13 
9.06 
4.45 
3.95 
28.58 

67.00 
8.00 
6.90 
3.46 
2.93 
18.80 

67.00 
2.39 
1.99 
1.40 
.51 

6.96 

67.00 
90.97 
61.52 
77.53 
17.10 

396.12 

4.00 
.92 
.63 

1.03 
.03 

2.40 

4.00 
12.86 
12.22 
6.68 
5.50 
21.51 

4.00 
11.34 
11.74 
4.04 
7.08 
14.80 

4.00 
3.26 
2.70 
2.38 
1.05 
6.61 

4.00 
158.80 
139.10 
117.40 
38.90 
318.10 

3.00 
3.21 
3.88 
1.27 
1.75 
4.01 

3.00 
18.04 
17.69 
4.37 
13.86 
22.58 

3.00 
16.43 
15.35 
6.20 
10.84 
23.10 

3.00 
7.35 
7.60 
.52 

6.76 
7.71 

3.00 
301.80 
346.60 
134.90 
150.20 
408.60 
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TABLE 7-2. Platfon Size of Quartz Flakes fron Test Pit 1, Helena River, 

Attribute Statistic 
to 7 

Spit 
to 11 12 to 13 

Platfon 
Thickness 

Nuiber 
Kean 
Kedian 
St.Dev. 
Kiniiui 
Kaxiiu 

67.00 
1.69 
1.23 
1.37 
,25 

6.30 

4.00 
2.24 
1.11 
2.65 
,57 

6.19 

3,00 
7.65 
7,63 
2.81 
4.82 
10.44 

Platfon 
Width 
(••) 

Nuiber 
Kean 
Kedian 
St.Dev. 
Kiniiui 
Kaiiiui 

67.00 
6.07 
5.16 
3.74 
1.37 

15.82 

4.00 
8.78 
7.79 
4.92 
3.98 

15.56 

3.00 
17.47 
15.60 
4.27 
14.45 
22.36 

Proxiial 
Width 
(••) 

Nuiber 
Kean 
Kedian 
St.Dev. 
Kiniiui 
Kaiiiui 

67.00 
6.36 
5.41 
3.85 
1.37 
15.82 

4.00 
9.71 
9.66 
4.80 
3.98 

15.56 

3.00 
18.68 
19.23 
3.98 
14.45 
22,36 

Platfon 
Area 

(••*•) 

Nuiber 
Kean 
Kedian 
St.Dev. 
Kiniiui 
Kaiiiui 

67.00 
14.02 
6.29 
18.60 

.63 
82.01 

4.00 
28.90 
8.40 
45.10 
2.30 
96.30 

3.00 
139.90 
111.10 
83.00 
75.20 

233.40 
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TABLE 7-3. Shape of Quartz Flakes froi Test Pit 1, Helena River, 

Attribute 

Elongation 

Parallel 
index 

Statistic 

Nuiber 
Kean 
Kedian 
St.Dev. 
Kiniiui 
Kaxiiui 
X D 2 W 

Nuiber 
Kean 
Kedian 
St.Dev. 
Kiniiui 
Kaxiiui 
X Contracting 

1 to 7 

67.00 
1.35 
1.32 
.49 
.59 

2.72 
7.46 

67.00 
1.51 
1.31 
,69 
.69 

4.14 
14.92 

Spit 
8 to 11 

4.00 
1.13 
1.12 
,44 
,73 

1.57 
.00 

4.00 
1.28 
1.20 
.39 
,95 

1.78 
25.00 

12 to 13 

3.00 
1.17 
1.28 
,37 
,77 

1.47 
.00 

3.00 
,88 
,75 
,28 
.69 

1.20 
66.66 
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TABLE 7-4. Size of Quartz Flakes froi Test Pit 4, Helena River, 

Attribute 

Weight 

(g) 

Length 
(••I 

Width 

(••1 

Thickness 

(••) 

Ventral 
Area 

( n 2 ) 

Statistic 

Nuiber 
Kean 
Kedian 
St.Dev. 
Kiniiui 
Kaxiiui 

Nuiber 
Kean 
Kedian 
St.Dev, 
Kiniiui 
Kaxiiui 

Nuiber 
Kean 
Median 
St.Dev. 
Kiniiui 
Kaxiiui 

Nuiber 
Mean 
Kedian 
St.Dev, 
Miniiui 
Kaxiiui 

Nuiber 
Kean 
Median 
St.Dev. 
Kiniiui 
Kaxiiui 

Spit 
1 to 5 
(Brown Soil] 

70.00 
,62 
,19 

1.16 
.01 

6.24 

70.00 
10.95 
9.10 
5.44 
4.14 

30.55 

70.00 
8.23 
6.25 
5.04 
2.32 

28.20 

70.00 
2.85 
2.21 
2.14 
.52 

9.42 

70.00 
109.50 
61.70 
122.20 
15.30 

568.50 

5 to 10 
(Red Soil] 

18.00 
.91 
,25 

2.06 
.04 

8.93 

18.00 
12.63 
11.78 
6.81 
6.42 
36.82 

18.00 
9.03 
7.92 
4.62 
3.72 
24.33 

18.00 
3.07 
2.44 
2.09 
1.30 
8.91 

18.00 
139.10 
88.70 
194.70 
23.90 

895.80 
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TABLE 7-5. Platfon Size of Quartz Flakes Froi Test Pit 4, 
Helena River. 

Attibute 

Platfon 
Thickness 

(•>) 

Platfon 
Width 
(••! 

Proxiaal 
Width 

(••) 

Platfon 
Area 

(••') 

Statistic 

Nuiber 
Mean 
Kedian 
St.Dev. 
Kiniiui 
Kaxiiui 

Nuiber 
Kean 
Kedian 
St.Dev. 
Kiniiui 
Kaxiiui 

Nuiber 
Mean 
Kedian 
St.Dev. 
Miniiui 
Kaxiiui 

Nuiber 
Mean 
Median 
St.Dev. 
Miniiui 
Maxiiui 

Spit 
1 to 5 
(Brown Soil) 

70.00 
1.55 
,98 

1.30 
.19 

5.64 

70.00 
4.77 
3.95 
3.54 
,93 

20.56 

70.00 
5.25 
4.52 
3.70 
.93 

20.56 

70.00 
10.57 
3.68 
18.02 
.18 

115.96 

5 to 10 
(Red Soil) 

18.00 
2.04 
1.58 
1.27 
.86 

5.75 

18.00 
6.29 
5.70 
3.88 
2.56 
18.88 

18.00 
7.35 
6.46 
4.32 
2.56 
18.88 

18.00 
16.63 
7.90 

24.66 
2.51 

108.56 
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TABLE 7-6. Shape of Quartz Flakes froa Test Pit 4, Helena River, 

Attribute 

Elongation 

Parallel 
index 

Statistic 

Nuiber 
Kean 
Median 
St.Dev. 
Kiniiui 
Kaxiiui 
X D 2 W 

Nuiber 
Kean 
Kedian 
St.Dev, 
Kiniiui 
Kaxiiui 
X Contracting 

1 to 5 
Brown Soil 

70.00 
1.48 
1.39 
.57 
.51 

3.78 
12.85 

70.00 
1.94 
1.65 
1.00 
.51 

5.24 
14.28 

Spit 
5 to 10 

Red Soil 

18.00 
1.48 
1.48 
.52 
.66 

3.00 
5.55 

18.00 
1.45 
1.13 

.78 

.69 
3.06 

27.77 
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TABLE 7-7. Size of Quartz Flakes froi Test Pit 5, Helena River, 

Attribute Kean Kedian St.Dev. Miniiui Kaxiiui 

Weight .72 .20 ~ul ~ToT~ 6~46~ 

(g) 

Length 11.38 9.67 5.71 4.68 29,56 

(••) 

Width 8.04 7.20 3.97 3.73 17.71 
(••) 

Thickness 3.09 2.52 2.25 .52 11.01 
(n) 

Ventral 108.90 68.80 110.30 17.90 437.80 
Area (n z ) 

Total nuiber of flakes: 27. 

TABLE 7-8. Platfon Size of Quartz Flakes froi Test Pit 5, Helena River, 

Attribute Mean Median St.Dev. Miniiui Kaxiiui 

Platfon MO L22 1.35 Tl8 TsT 
Thick, (ii) 

Platfon 4.67 4.01 2.22 1.16 9.63 
Width (u| 

Proxiial 5.50 4.82 3.74 1.16 19.50 
Width (••) 

Platfon 9.14 5.15 9.36 .21 31.59 
Area (u l) 

Total nuiber of flakes: 24. 

TABLE 7-9. Shape of Quartz Flakes froi Test Pit 5, Helena River. 

Attribute Nuiber Mean Kedian St.Dev. Kiniiui Kaxiiui 

Elongation 27 L47 U5 .41 .87 2.45 

Percentage Length greater than twice the Width is 11.11. 

Parallel 24 1.61 1.48 .69 .74 3.29 

Index 
Percentage Contracting is 25.00 
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TABLE 7-10. Size of Quartz Flakes froi Surface Collection, Helena River. 

Attribute Mean Median St.Dev. Miniiui Kaxiiui 

Weight .65 ~729 L62 Tl KM 
(g) 

Length 11.61 10.82 4.41 3.56 32.69 
(••I 

Width 8.19 7.59 3.52 2.12 34.38 
(ii) 

Thickness 3.23 2.83 1.81 .75 16.60 
(••) 

Ventral 105.75 81.92 100.26 16.15 1047.90 
Area In 2) 

Total nuiber of flakes: 379. 

TABLE 7-11. Platfon Size of Quartz Flakes froi Surface Collection, Helena River. 

Attribute Mean Kedian St.Dev. Miniiui Kaxiiui 

Platfon 2Tol [766 L52 JO lilT 
Thick, (u) 

Platfon 6.19 5.50 3.33 1.23 31.96 
Width (u) 

Proxiial 6.31 5.61 3.36 1.23 31.96 
Width (u) 

Platfon 16.40 8.95 30.28 .24 473.65 
Area (••*) 

Total nuiber of flakes: 373. 

TABLE 7-12. Shape of Quartz Flakes froi Surface Collection, Helena River. 

Attribute ~ Nuiber Mean Median St.Dev. Kiniiui Kaxiiui 

Elongation 379 lTsi 1.46 .51 .55 4.30 

Percentage Length greater than twice the Width is 12.66 

Parallel 373 1.46 1.31 .59 .53 5.12 

Indei 
Percentage Contracting is 19.83 
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The statistics for flake size and shape and platform 

size from the three test pits and surface collection are 

interesting. The aspect that stands out most is the 

variability of individual flake attributes, reflected by 

the values for both standard deviation and range. The 

greatest variability in all four assemblages is in 

ventral surface area and platform area. This could be a 

result of mixing between recent and older assemblages for 

those spit groups located near the surface as the surface 

collection appears to reflect this mixing. Alternatively 

it could be the result of frequent site use over time, or 

small sample size. With regard to the latter, for 

example, there were only seven flakes from spits 8 to 13 

in Test Pit 1. 

The shapes of flakes from the three test pits and 

surface collection were similar in most instances, though 

there were some anomalies. Flakes with lengths greater 

than twice their widths appeared to average 11% to 13% 

from all sites, but comprised only 7.5% and 5.6% 

respectively of the material from Test Pits 1 and 4. The 

percentages of contracting flakes ranged from 14% to 28%, 

excluding the three flakes from spits 12 to 13, Test Pit 

1. Reasons for such variation are unknown, but could 

relate to those discussed above. Tests to determine if 

these results are significant are discussed in the next 

section. 
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Kings Property 

Tables 7-13 to 7-15 contain the basic statistics for 

Test Pits 2 and 4 from Kings Property. The debitage from 

both test pits is considered together, as the lithologies 

and edge-damaged pieces from both were broadly similar. 

As discussed later in the chapter, a Mann-Whitney 

comparison of flake attributes from the two pits revealed 

no significant differences. A discussion of the 

statistical description of flake attributes follows the 

section on Bennett Brook. 

Brigadoon 

Tables 7-16 to 7-18 present the statistical 

information for all flakes from Test Pits 6, 7 and 9. 

The debitage from the three test pits is grouped together 

because the lithologies and edge-damaged pieces for each 

were broadly similar. As discussed later in the chapter, 

a Mann-Whitney comparison of flake attributes from the 

three test pits did not indicate significant differences 

among the three samples. The statistical description of 

the Brigadoon flake attributes follows the Bennett Brook 

discussion. 

Bennett Brook 

Tables 7-19 to 7-21 present the descriptive statistics 

of flake attributes of the grouped debitage from Test 
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TABLE 7-13. Size of Quartz Flakes froi Test Pits 2 and 4, Kings Property. 

Attribute Mean Kedian St.Dev. " Miniiui Maxiiui 

"eight .33 To9 JO JO 6T7F 
(g) 

Length 8.91 7.72 4.33 3.22 23.62 
(••I 

Width 7.11 5.91 4.41 2.02 25.48 
(») 

Thickness 2.06 1.62 1.41 .40 7.57 
(••) 

Ventral 76.36 41.27 91.92 10.47 601.84 
Area In*) 

Total nuiber of flakes: 86. 

TABLE 7-14. Platfon Size of Quartz Flakes froi Test Pits 2 and 4, Kings Property. 

Attribute Mean Median St.Dev. Miniiui Maxiiui 

Platfon L19 M ITlO 7T6 6J0 
Thick.(••) 

Platfon 4.13 3.05 3.34 .62 18.83 
Width (••) 

Proxiial 4.53 3.05 3.86 .62 18.83 
Width (11) 

Platfon 7.87 2.62 16.52 .15 126.16 
Area (••*) 

Total nuiber of flakes: 82. 

TABLE 7-15. Shape of Quartz Flakes froi Test Pits 2 and 4, Kings Property. 

Attribute Nuiber Mean Median St.Dev. Kiniiui Maxim 

Elongation 86 L47 L21 M~ " .50 5724 

Percentage Length greater than twice the Width is 16.27 

Parallel 82 2.11 1.63 1.21 .67 7.21 
Index 
Percentage Contracting is 10.97 
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TABLE 7-16. Size of Quartz Flakes froi Test Pits 6, 7 aid 9, Brigadoon, 

Attribute Mean Kedian St.Dev. Miniiui Kaxiiui 

Weight .33 "Til ~T75 JO Uo" 

Length 9.77 8.80 4.48 3.15 28.09 
(••I 

Width 6.56 5.73 3.48 1.68 24.32 
(••) 

Thickness 2.14 1.78 1.32 .53 9.29 

(••) 

Ventral 74.05 47.85 81.18 10.32 645.70 
Area (n E ) 

Total nuiber of flakes: 261. 

TABLE 7-17. Platfon Size of Quartz Flakes froi Test Pits 6, 7 and 9, Brigadoon. 

Attribute Kean Kedian St.Dev, Kiniiui Kaxiiui 

Platfon L19 J5 U6 Ti IOTM 
Thick, (n) 

Platfon 3.92 3.28 2.56 .86 15.75 
Width (ii) 

Proxiial 4.23 3.27 3.17 .86 25.01 
Width (u) 

Platfon 6.37 2.62 12.43 .19 154.03 
Area (n 2 ) 

Total nuiber of flakes: 251. 

TABLE 7-18. Shape of Quartz Flakes froi Test Pits 6, 7 and 9, Brigadoon. 

Attribute Nuiber Kean Kedian St.Dev. Kiniiui Kaxiiui 

Elongation 261 L64 Ul .68 .27 4.87 

Percentage Length greater than twice the Width is 20.30 

Parallel 251 1.95 1.69 1.05 .50 7.23 

Indei 
Percentage Contracting is 9.96 
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TABLE 7-19. Size of Quartz Flakes froi Test Pits 1 and 2, Bennett Brook. 

Attribute Mean Median St.Dev. Miniiui Maxiiui 

Weight .26 .10 T36 Toi I7TT 
(g) 

Length 10.21 8.78 5.48 3.53 26.64 
(••) 

Width 6.18 4.86 3.31 1.94 15.50 
(n) 

Thickness 1.97 1.68 1.05 .72 5.64 
(nl 

Ventral 76.50 40.40 83.70 10.80 388.40 
Area (n 2 ) 

Total nuiber of flakes: 47. 

TABLB 7-20. Platfon Size of Quartz Flakes froi Test Pits 1 and 2, Bennett Brook, 

Attribute Mean Kedian St.Dev. Miniiui Maxiiui 

Platfon f()8 Tl Ti Tl 5~7T2 
Thick, (n) 

Platfon 3.69 2.95 2.46 1.10 10.76 
Width (u) 

Proxiial 3.92 3.10 2.63 1.10 10.76 
Width (n) 

Platfon 5.08 2.61 7.76 .15 40.04 
Area (n 2 ) 

Total nuiber of flakes: 47. 

TABLE 7-21. Shape of Quartz Flakes froi Test Pits 1 and 2, Bennett Brook. 

Attribute Nuiber Mean Kedian St.Dev. Kiniiui Kaxiiui 

Elongation 47 L78 L57 ~82~~ ~~1T~ 4.58 

Percentage Length greater than twice the Width is 25.53 

Parallel 47 1.85 1.73 .80 .76 3.96 
Index 
Percentage Contracting is 14.89 
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Pits 1 and 2. Chapter 6 outlined the reasons for 

considering the pits to be of similar age despite a lack 

of dates. As discussed later in this chapter, a Mann-

Whitney test of flake attribute medians did not discern 

any statistical differences between the samples. 

The statistics for the assemblages from Kings 

Property, Brigadoon and Bennett Brook are discussed 

together as their dates are similar. Flake weight tends 

to be variable for both Kings Property and Brigadoon, but 

the range and standard deviation are considerably less 

for flakes from Bennett Brook. The descriptions of flake 

length and width are comparable for the three sites, 

though flakes from Bennett Brook appear to be narrower. 

This is reflected in ventral surface area, in which 

flakes from Bennett Brook are smaller on the whole. 

Platform area is variable, though the means and medians 

are comparable. Finally, Bennett Brook has more 

elongated and contracting flakes than the other two 

sites. The next section of this chapter will discuss 

whether the observed differences are significant. 

Walyunga 

The statistics for flake attributes from Test Pit C18 

are described in Tables 7-22 to 7-24. Each table has 

been divided into two groups, first spits 1-17, dating 

from modern to 4560 BP and second, spits 18-39, dating 
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TABLE 7-22. Size of Quartz Flakes froi Test Pit C18, Walyunga. 

Attribute Statistic Spit 
1 to 17 18 to 39 

Weight 

(g) 

Nuiber 
Kean 
Kedian 
St.Dev. 
Kiniiui 
Kaxiiui 

209.00 
,43 
.16 
.99 
.01 

11.25 

195.00 
1.06 
.20 

3.24 
,01 

37.04 

Length 
(••I 

Nuiber 
Kean 
Kedian 
St.Dev. 
Kiniiui 
Kaxiiui 

209.00 
10.88 
9.72 
5,50 
3.28 
42.90 

195.00 
12.67 
10.56 
7.42 
3.39 

"60.28 

Width 
(u) 

Nuiber 
Kean 
Kedian 
St.Dev. 
Kiniiui 
Maxiiui 

209.00 
7.57 
6.58 
3.81 
2.54 

23.70 

195.00 
7.86 
6.28 
4.98 
2.17 
33.64 

Thickness 
(••I 

Nuiber 
Kean 
Kedian 
St.Dev. 
Kiniiui 
Kaxiiui 

209.00 
2.31 
1.87 
1.63 
.53 

13.44 

195.00 
3.06 
2.35 
2.43 
.45 

14.55 

Ventral 
Area (u*) 

Nuiber 
Kean 
Median 
St.Dev, 
Kiniiui 
Maxiiui 

209.00 
96.55 
64.98 
111.68 
14.38 

1006.43 

195.00 
129.50 
60.70 
199.10 
9.50 

2027.80 
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TABLB 7-23. Platfon Size of Quartz Flakes froi Test Pit 
C18, Walyunga. 

Attribute Statistic 

Platfon Nuiber 
Thickness Kean 
(ii) Kedian 

St.Dev. 
Kiniiui 
Kaxiiui 

Platfon Nuiber 
Width Kean 
( u ) Kedian 

St.Dev, 
Kiniiui 
Kaxiiui 

Proxiial Nuiber 
Width Kean 
(11) Median 

St.Dev, 
Kiniiui 
Kaxiiui 

Platfon Nuiber 
Area Mean 
( u 2 ) Median 

St.Dev. 
Miniiui 
Kaxiiui 

Spit 
1 to 17 18 to 39 

200.00 186.00 
1.36 1.83 
.91 1.10 

1.42 1.90 
,08 .15 

10.81 11.76 

200.00 186.00 
4.79 5.50 
3.88 4.06 
3.00 5.06 
.87 .51 

20.78 29.37 

200.00 186.00 
5.03 5.82 
4.03 4.16 
3.21 5.29 
.87 .51 

20.78 29.37 

200.00 186.00 
9.06 17.65 
3.25 3.95 
19.65 39.92 

.17 .14 
224.63 338.81 
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TABLE 7-24. Shape of Quartz 
C18, Walyunga. 

Attribute Statistic 

Elongation Nuiber 
Kean 
Median 
St.Dev. 
Kiniiui 
Kaxiiui 
X D 2 V 

Parallel Nuiber 
Index Kean 

Kedian 
St.Dev. 
Kiniiui 
Kaxiiui 
X Contracting 

froi Test Pit 

Spit 
1 to 17 18 to 39 

209.00 
1.56 
1.43 
.69 
.50 

6.60 
21.05 

200.00 
1.79 
1.57 
,88 
.68 

6.85 
11.50 

195.00 
1.77 
1.67 
,65 
.42 

3.82 
29.74 

186.00 
1.96 
1.52 
1.44 
,50 

8.58 
16.12 



from 4560 to 8000 BP. As examined later in this chapter, 

a Mann-Whitney comparison of flake attributes for dated 

spits within the broader time frames did not indicate 

significant differences. 

Comparison of the statistics for the two spit groups 

confirms Pearce's (1978) observations that there was a 

reduction in flake size from past to present. For 

example, flakes from spits 18 to 39 are generally larger 

and heavier than flakes from spits 1 to 17. The 

variation in flake surface and platform areas is also 

greater in the older assemblages. One notable 

observation is that the older spit group also contains 

the smallest flake, reflected by the minimum for both 

ventral surface and platform areas, though the range is 

greater. The range is greater for elongated flakes in the 

recent spit group, though there are more elongated and 

contracting flakes in the older assemblages. Tests to 

determine if these observations are significant are 

discussed later in this chapter. 

Upper Swan 

The statistics for flake attributes from Test Pits 2-

12 and 2-13 are presented in Tables 7-25 to 7-27. The 

sites were dated between 31,500 and 39,500 BP. There were 

no complete flakes in Test Pit 8. As the artefacts were 

considered to be deposited by one flood event, they have 

188 



TABLE 7-25. Size of Quartz Flakes froi Test Pits 2-12 and 2-13, Upper Swan. 

Attribute Kean Kedian St.Dev. Kiniiui Kaxiiui 

Weight "Til TTi L82 J3 JTl~ 
(gl 

Length 12.64 10.47 7.16 3.39 33.85 
(Ml 

Width 7.64 6.27 4.17 2.87 21.92 
(M| 

Thickness 2.87 2.14 2.12 .97 9.27 

(••I 

Ventral 120.00 70.90 143.40 14.00 742.00 
Area (u 2 ) 

Total nuiber of flakes: 48. 

TABLE 7-26. Platfon Size of Quartz Flakes froi Test Pits 2-12 and 2-13,/ 
Upper Swan. 

Attribute Kean Kedian St.Dev. Miniiui Maxiiui 

Platfon 1.94 1.36 1M "732 ~6J7 
Thick, (u) 

Platfon 5.47 4.03 4.13 1.36 17.28 
Width (11) 

Proxiial 6.01 4.95 4.21 1.36 17.28 
Width (••) 

Platfon 15.75 5.23 24.01 .76 118.71 
Area (n7-) 

Total nuiber of flakes: 43. 

TABLE 7-27. Shape of Quartz Flakes froi Test Pits 2-12 and 2-13, Upper Swan. 

Attribute Nuiber Kean Median St.Dev. Miniiui Maxiiui 

Elongation 4l L72 L61 Tl Tl 4.00 

Percentage Length greater than twice the Width is 25.00 

Parallel 43 1.72 1.47 1.10 .57 6.56 

Index 
Percentage Contracting is 20.93 
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been grouped together for analysis. Tables 7-28 to 7-30 

give the statistical data from the undated surface 

collection. 

Though the flake sample is small by comparison to the 

previous assemblages, it is interesting to compare the 

statistics from the test pits with the surface collection 

at Upper Swan. Flakes from the surface collection are 

generally larger and heavier than those from the test 

pits. This could result from mixing or the small sample 

size of the surface collection. Tests to ascertain if 

these observations are significant are discussed in the 

following section. It can be noted, though, that the 

percentage of contracting and elongated flakes is 

comparable for the two groups. 

Discussion 

Initial consideration of the statistics on flake 

attributes suggests a gradual increase in the quantity of 

debitage from 40,000 years ago to the time of European 

contact, with a corresponding decrease in flake size and 

platform size. Before discussing the overall results, I 

considered that it was important to determine whether 

there were significant differences in debitage attributes 

between sites of the same age either within an area or 

between areas. In addition, I wanted to compare the 

debitage assemblages from undated sites with those from 
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TABLE 7-28. Size of Quartz Flakes froi Upper Swan Surface Collection. 

Attribute Mean Median St.Dev, Kiniiui Maxiiui 

Weight 6.07 1.36 10.59 .21 37.81 

it) 

Length 22.65 18.24 11.69 8.07 49.61 

(••) 

Width 16.29 14.84 9,63 4.07 39.48 

(••) 

Thickness 6.49 4.62 5.05 1.87 19.84 

(••) 

Ventral 457.00 275.00 511.00 56.00 1959,00 
Area (u2) 

Total nuiber of flakes: 18. 

TABLE 7-29. Platfon Size of Quartz Flakes froi Upper Swan Surface Collection. 

Attribute Kean Kedian St.Dev. Miniiui Maxiiui 

Platfon 3J6 iTl hU ^43 11.21 
Thick. (u| 

Platfon 10.27 9.16 6.63 2.33 24.30 
Width (••) 

Proxiial 11.92 11.25 7.03 3.03 24.30 
Width (u) 

Platfon 51.50 29.70 67.40 1.80 201.40 
Area (u2-| 

Total nuiber of flakes: 14. 

TABLE 7-30. Shape of Quartz Flakes froi Upper Swan Surface Collection. 

Attribute Nuiber Mean Median St.Dev, Kiniiui Kaxiiui 

Elongation 18 1761 L34~ .73 .55 3.41 

Percentage Length greater than twice the Width is 22.22 

Parallel 14 1.75 1.58 .81 .76 3.94 
Index 
Percentage Contracting is 21.42 
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dated sites to ascertain if this type of analysis could 

be used to order undated assemblages into a clearer 

chronological framework than the one which is presently 

used on the Swan Coastal Plain. That is, I wished to test 

the chronological significance of the presence or absence 

of backed pieces on the one hand and fossiliferous chert 

on the other. Before I began the comparisons I 

constructed a chronological framework to include the 

various sites to be compared. I also combined debitage 

assemblages within areas to compensate for the small size 

of assemblages from some of the sites. This is 

discussed below. 

Dating 

There is only one site on the Swan Coastal Plain that 

has a continuous sequence of dates, namely Walyunga. At 

the time of writing no other site has been found to 

confirm these dates and their associated assemblages. 

Nevertheless, the dates do provide a guide to the 

chronology of the introduction of backed-tools and 

associated technological change on the Swan Coastal Plain 

around 4600 BP. Thus the following chronological 

framework is based on the Walyunga sequence. 

There are five dates from Walyunga: 1330 BP (spit 4), 

3220 BP (spit 14), 4560 BP (spit 17), 6135 BP (spit 19) 

and 8000 BP (spit 32). The first time range unit I 

proposed for my debitage analysis, based on Pearce's 

dated sequence, is Unit 1, 0-4600 BP. For the purposes 
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of this investigation and owing to the vagaries of 

radiocarbon dating, 0 BP refers to the beginning of 

European contact. This time unit includes Pearce's 

proposed period of technological change, incorporating 

Walyunga spits 1-17. It should also be noted that most of 

the dated sites on the Swan Coastal Plain fall within 

this time period (Table 7-31). The next proposed time 

period, Unit II, includes Walyunga spits 18-39, and dates 

from 4600 to 8500 BP. While there are no equivalent 

dated sites on the coastal plain with sufficient amounts 

of debitage for comparison, I felt this time period would 

afford a good indication of whether there were any 

changes in flake attributes (size, platform size and 

shape) in comparison with the post-4600 BP sites. 

Finally, there are no dated sites between 8500 and 

29,000 BP on the coastal plain with the exception of 

Minim Cove dated at 9930 BP. This site was not suitable 

however, as it contained a small artefactual component. 

Nevertheless, I have denoted a third grouping of sites 

between 29,000 and 40,000 BP, Unit III, which includes 

the early debitage assemblages. Table 7-31 denotes the 

time range units with their associated test pits. 

Debitage Assemblages 

Non-parametric Mann-Whitney tests were used to compare 

individual attributes between assemblages, testing for 

significant differences at the 95% confidence level. 

This two-sample rank test for differences between 

population medians was used in preference to the 

193 



Student's t test because flake attributes in most samples 

were not normally distributed (Agresti et al. 1979). 

TABLE 7-31. Time Range of Dated Test Pits Used 
in Debitage Analysis.* 

Time 
Unit 

Unit I. 
0-4600 BP 

Unit II. 
4600-8500BP 

Unit III. 
29,000-40,000BP 

Site 

Kings TP2 
Property TP4 

Brigadoon TP6 
TP9 
TP7 

Helena R. TP1 
(Spitsl-7) 

Walyunga TPC18 
(Spits 1-17) 

Walyunga TPC18 
(Spits 18-39) 

Helena R. TP1 
(Spits 8-11) 

Helena R. TP1 
(Spits 12-13) 

Date 

780BP 
1290BP 

1610BP 
1910BP 
2630BP 

3750BP 

4560BP 

8000BP 

8300BP 

29.400BP 

No. of 
Flakes 

16 
70 

102 
109 
50 

67 

209 

195 

4 

3 

Upper Swan TP2-12 
and TP2-13.** 

31.500BP to 
39,500BP 48 

•Undated test pits not included in this table are Test 
Pits 4 and 5 Helena River and Test Pits 1 and 2 Bennett 
Brook, and surface collections from Helena River and 
Upper Swan. 

**Debitage from Test Pits 2-12 and 2-13 are considered 
together in this analysis; see Chapters 5 and 8 and 
Pearce and Barbetti (1981). 

Mann-Whitney tests were used to compare flake 

attributes from samples within a site group where ranges 

of lithology and edge-damaged pieces were broadly 
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similar. If there were no significant differences of 

attribute medians between individual assemblages, the 

debitage assemblages were then combined for the total 

site group. For example, there were no significant 

differences between attribute medians for Test Pit 2 and 

Test Pit 4 at Kings Property. Therefore the two 

assemblages were combined and used as one large sample 

for comparison with other flake assemblages from the Swan 

Coastal Plain. This was also done for Test Pits 6, 7 and 

9 from Brigadoon and Test Pits 1 and 2 from Bennett 

Brook. 

Mann-Whitney tests were also used to compare flake 

attribute medians of the dated spits within the larger 

groupings at Test Pit C18 Walyunga. No significant 

differences of flake attributes were observed within 

either spits 1-17 or spits 18-39. It should be noted that 

the seven flakes from spits 8-13 Test Pit 1 Helena River 

were not used as the number was too small for comparison 

(Table 7-31). 

FLAKE ATTRIBUTE COMPARISONS 

Tables 7-32 to 7-40 present the results of the Mann-

Whitney tests for significant differences. Comparisons 

between dated sites are followed by comparisons of dated 
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sites and undated excavated sites, and finally, dated 

sites and surface sites. The numerical codes in the 

tables represent significantly different attributes. If 

no code is shown, there are no significant differences 

between attributes; this is represented by NSD. The 

numerical codes represent the following attributes: 

Flake Size. 

Platform Size. 

1. 
2. 
3. 
4. 
5. 

6. 
7. 
8. 
9. 

10. 
11. 

Flake Weight 
Flake Length 
Flake Width 
Flake Thickness 
Ventral Surface Area 

Platform Thickness 
Platform Width 
Proximal Width 
Platform Area 

Elongation 
Parallel Index 

Flake Shape. 

A brief discussion follows each set of tables. 

TABLE 7-32. 

Kings 
Property 

Brigadoon 

Significant Differences of Flake Attribute 
Comparisons for Dated Sites, 0-4600 BP. 

Helena River 
TP1 (spits 1-7) 
1 , Z , o , 4 , 0 , 

6,7,8,9,11 

1,3,5,6,7, 
8,9,10,11 

Kings 
Property 

10 

Brigadoon 
10 

Walyunga 
(spits 1-17) 

6,7,8,9,10, 
11 

1,2,3,5, 
7.8.9.10 

1 , £ , O , O, 

7.8.9 

TABLE 7-33. Significant Differences of Flake Attributes 
for Dated Sites 0-4600 BP Compared with 

Walyunga Spits 18-39, Dated 4600-8500 BP. 

Walyunga Helena R. Kings Brigadoon 
(Spitsl-17) TP1 Property 

(Soitsl-7) 
Walyunga 1,2,4,10 
(spits 18-39) 

2,6,9,10, 
11 

1,2,4,5, 1,2,3,4, 
6,7,9,10 5,6,7,8, 

9.10 
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TABLE 7-34. Significant Differences of Flake Attributes 
for Dated Sites Compared with Upper Swan, 

Dated 31,500-39,500 BP. 

Walyunga Walyunga Helena R, Kings Brigadoon 
(Spits (Spits TP1 Property 
1-17) 18-39) (Spitsl-7) 

Upper 6,9 NSD 10 1,2,4,5, 1,2,4, 
Swan 6,7,8,9, 5,6,7, 

10.11 8.9.11 

In all three time periods, comparisons are made 

between sites from different areas on the Swan Coastal 

Plain, with the exception of Walyunga, where comparison 

is made within the same site between two different time 

periods. Differences between the two time periods at 

Walyunga are reflected in flake size and shape, with 

spits 18-39 having heavier, larger, longer and more 

elongated flakes than spits 1-17. Comparison of similarly 

dated assemblages from Kings Property with assemblages 

from Brigadoon only indicated a difference in flake 

shape, that is, the presence of more elongated flakes at 

Brigadoon. 

Comparison of assemblages from both sites with older 

dated assemblages within all three time periods indicates 

significant differences in flake size, flake shape and 

platform size. The assemblage from Test Pit 1 Helena 

River is interesting when compared to assemblages from 

Walyunga and Upper Swan. For instance, the comparison 

with Walyunga shows differences in terms of both 

platform size and flake shape in both spit groupings, 
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with flakes from Walyunga spits 18-39 being heavier than 

those from Test Pit 1. The only difference between Upper 

Swan and Test Pit 1 is that flakes are more elongated in 

the former assemblage. 

TABLE 7-35. Significant Differences of Flake Attributes 
for Undated Sites Compared with 

Dated Sites, 0-4600 BP. 

Undated Sites 

Dated 
Sites 

Helena R. 
TPl (Spits 
1-7) 

Kings 
Property 

Brigadoon 

Walyunga 
(Spits 1-
17) 

Helena R. 
TP4 (Spits 
1-5) 
Brown Soil 

7,11 

1,2,5,6, 
9 

4,5,6,8, 
9 

NSD 

Helena R. 
TP4 (Spits 
5-10) 
Red Soil 

NSD 

1 , A , o , 4 , o , 

6,7,8,9,11 

1,6,0,4,0, 
6,7,8,9,11 

1,4,6,8,9, 
11 

Helena R. 
TP5 

NSD 

1,2,4,5, 
6,9 

1,3,4,5, 
6,7,8,9 

4,6 

Bennett 
Brook 

1,3,5,6, 
7,8,9, 
10,11 

10 

NSD 

3,5,7,8 

TABLE 7-36. Significant Differences of Flake Attributes 
for Undated Sites Compared with Walyunga 

Spits 18-39, Dated 4600-8500 BP. 

Undated Sites 
Helena R. Helena R. Helena R. Bennett 
TP4 (Spits TP4 (Spits TP5 Brook 
1-4) 5-10) 
Brown Soil Red Soil 

Walyunga 
Spits 18-39 

10 6,8,9 10 1,2,3,4,5, 
6,7,8,9 
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TABLE 7-37. Significant Differences of Flake Attributes 
for Undated Sites Compared with Upper Swan, 

Dated 31,500-39,500 BP. 

Undated Sites 
Helena R. Helena R. Helena R. Bennett 

TP4 (Spits 1-5) TP4 (Spits 5-10) TP5 Brook 
Brown Soil Red Soil 

Upper 10 NSD 10 1,3,4,5, 
Swan 6,7,8,9 

The undated Test Pits 4 and 5 from Helena River are 

interesting when their flake attributes are 

compared with those from Test Pit 1, as all are from the 

same area. The only significant differences found in the 

assemblage from Test Pit 4 spits 1-5 were related to 

platform width and parallel index. Comparison of these 

assemblages with those from Kings Property and Brigadoon 

indicates differences related to flake and platform size 

and flake shape. 

Even more interesting is the comparison of these 

assemblages with those of Walyunga and Upper Swan. For 

example, there are no significant differences between 

Test Pit 4 Helena River, spits 1-5, and Walyunga spits 1-

17. The only differences in respect to data from spits 

18-39 at Walyunga and from Upper Swan are reflected in 

the presence of more elongated flakes than in spits 1-5 

of Test Pit 4. Flakes from spits 5-10 of Test Pit 4 tend 

to be smaller than flakes from Walyunga spits 1-17, 

while the platform size is smaller than Walyunga spits 

18-39. There are no significant differences between 
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flakes from spits 5-10, Test Pit 4, and those from Upper 

Swan. 

Comparison of flake attributes from Test Pit 5 Helena 

River with those from Walyunga spits 1-17, show 

significant differences only in flake and platform 

thicknesses. There are no significant differences in 

flake and platform size when data from Test Pit 5 is 

compared with measurements from Walyunga spits 18-39 or 

those from Upper Swan. Flake shape does differ, however, 

in that flakes from the last two sites are more elongated 

than those from Test Pit 5. 

There are no significant differences between the 

Bennett Brook and the Brigadoon assemblages. The only 

significant difference found in comparison with the 

assemblages from Kings Property is flake shape, with 

flakes more elongated in the Bennett Brook assemblages. 

Comparison of Bennett Brook flake attributes with those 

of Test Pit 1 Helena River, indicate significant 

differences in flake and platform size and in flake 

shape. These differences are not as distinct as those 

which emerge if the Bennett Brook assemblage is compared 

with that of Walyunga spits 1-17; flakes are wider at 

Walyunga. When compared with Walyunga spits 18-39 and 

Upper Swan, flake and platform size are significantly 

different, with flakes being smaller at Bennett Brook. 
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TABLE 7-38. Significant Differences of Flake Attributes 
for Surface Sites Compared with 

Dated Sites, 0-4600 BP. 

Surface Sites 

Dated Sites 

Helena R. TPl 
(Spits 1-7) 

Kings 
Property 

Brigadoon 

Walyunga 
(Spitsl-17) 

Helena River 

1,2,4,5, 
6,9,10 

1,2,3,4,5,6, 
7,8,9,10,11 

1,2,3,4,5,6, 
7,8,9,10,11 

1,2,3,4,5,6, 
7,8,9,11 

Upper Swan 

l,A,o,4,o, 

6,7,8,9 

1,2,3,4,5, 
6,7,8,9 

1,2,3,4,5, 
6,7,8,9 

1,6,0,4,0, 
6,7,8,9 

TABLE 7-39. Significant Differences of Flake Attributes 
for Surface Sites Compared with Walyunga 

Spits 18-39, Dated 4600-8500 BP. 

Surface Sites 

Helena River Upper Swan 

Walyunga 
(Spits 18-39) 

1,3,4,5,6,7 
8,9,10,11 

1,6,0,4,0, 
6,7,8,9 

TABLE 7-40. Significant Differences of Flake Attributes 
for Surface Sites Compared with 

Upper Swan, Dated 31,500-39,500 BP. 

Surface Sites 

Helena River Upper Swan 

Upper Swan 1,3,4,7,9,10 1,2,3,4,5,7,8,9 
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Comparison of flake attributes for surface sites from 

Helena River and Upper Swan indicate differences in all 

time periods for flake size and platform size attributes. 

Interestingly, there are no significant differences in 

flake shape from the Upper Swan surface collection, 

whereas there are significant differences of flake shape 

between the Helena River surface collection and the 

dated sites. 

PLATFORM PREPARATION AND COLOUR/TEXTURE ATTRIBUTES 

The observations concerning platform preparation, 

colour and texture of flakes from all the sites are 

presented in Tables 7-41 and 7-42. Flakes with platform 

preparation were noted in all assemblages (Table 7-41). 

More than 25% of the sample from both the older dated 

assemblages, spits 18-39 Walyunga and Upper Swan, 

comprised flakes with unmodified platforms. These flakes 

also often exhibit cortex. This may be because of source 

material, which often consisted of large quartz cobbles, 

or to weathering of the pieces, which made identification 

of platform preparation impossible. The resultant flakes 

were larger and longer, with wider platforms than flakes 

from the younger dated sites, where the source material 

usually consisted of smaller lumps or pebbles of quartz. 
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TABLE 7-41. Percentage of Quartz Flakes with Platfon Preparation, 

Site Prepared 
Platforis 

Uncodified 
Platforis 

indeteriinate 
Platforis 

Total 
Flakes 

Bennett Brook 
Test Pits 1 l 2 

Kings Property 
Test Pits 2 1 4 

Brigadoon 
Test Pits 6, 7 I 9 

Walyunga Spits 
Test Pit C18 1-17 

Spits 18-39 

Helena River Spits 
Test Pit 1 1-17 

Helena River Spits 
Test Pit 4 1-5 

Spits 5-10 

Helena River 
Test Pit 5 

Helena River 
Surface 

Upper Swan 
Test Pits 2-12 a 2-13 

Upper Swan 
Surface 

No. 
X 

No, 
X 

No. 
X 

No, 
X 

No. 
X 

No, 
X 

No. 
X 

No. 
X 

No. 
X 

No. 
X 

No. 
X 

No. 
X 

43.00 
91.50 

72.00 
83.70 

237.00 
90.80 

177.00 
84.70 

139.00 
71.20 

58.00 
86.60 

54.00 
77.10 

17.00 
94.40 

18.00 
66.70 

312.00 
82.30 

26.00 
54.20 

11.00 
61.60 

4.00 
8.50 

10.00 
11.60 

16.00 
6.10 

13.00 
6.20 

51.00 
26.10 

9.00 
13.40 

16.00 
22.90 

1.00 
5.60 

6.00 
22.20 

61.00 
16.10 

18.00 
37.50 

2.00 
11.10 

4. 
4, 

8. 
3, 

19. 
9. 

5. 
2 

3 
11 

6 
1 

4 
8 

5 
27 

00 
00 

00 
70 

00 
10 

00 
10 

00 
50 

00 
00 

00 
00 

00 
00 

00 
10 

00 
60 

.00 

.30 

.00 
,80 

47 

86 

261 

209 

195 

67 

70 

18 

27 

379 

48 

18 
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TABLE 7-42, Colour and Texture Attributes of Quartz Flakes, 

Colour and Texture Categories* 

Site No. X No. X No. X No. X No. X No. X No. % Total Flakes 

Bennett Brook 
Test Pits 1 a 2 

8 17 10 21 12 26 14 30 3 6 0 0 M 

Sings Property 
Test Pits 2 I 4 

Brigadoon 
Test Pits 6, 7 4 9 

Walyunga Spits 
Test Pit C18 1-17 

Spits 18-38 

Helena River Spits 
Test Pit 1 1-17 

Helena River Spits 
Test Pit 4 1-5 

Spits 5-10 

Helena River 
Test Pit 5 

Helena River 
Surface 

Upper Svan 
Test Pits 2-12 4 2-13 

Upper Svan 
Surface 

7 8 

55 21 

45 22 

45 23 

3 5 

32 

57 

29 

29 

8 

37 

22 

14 

15 

12 

15 

84 

61 

76 

23 

18 

32 

29 

40 

34 

29 

52 

69 

35 

30 

34 

20 

33 

18 

45 

2 

7 

0 

1 

2 

2 

3 

0 

1 

3 

0 

4 

3 

6 

0 

0 

1 

1 

3 

0 

1 1 

2 1 

2 1 

3 1 

1 1 

86 

261 

209 

195 

67 

4 6 24 34 25 36 17 24 0 0 0 0 

1 5 5 28 3 17 5 28 0 0 4 22 

•Numerical Syabols for Quartz Colour and Texture Categories: 

Fine grained lilky-white Quartz 
Pine grained lilky-white translucent/seii-translucent Quartz 
Bubbly lilky-white Quartz 
Bubbly lilky-white translucent/seai-translucent Quartz 
Crystal Quartz 
Chalcedony-like Quartz 
Other Quartz (includes blue/green, blue and other coloured quartz). 

70 

0 0 

2 7 

50 13 

7 14 

1 6 

4 15 

55 15 

12 25 

11 61 

7 26 

174 46 

11 23 

6 33 

12 45 

81 21 

9 19 

0 

0 

9 

0 

0 

0 

2 

0 

0 

0 

4 

0 

0 

0 

1 

0 

0 

2 

6 

9 

0 

7 

2 

19 

18 

27 

379 

48 

18 
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The type of quartz used for tool-making varied between 

sites and was probably dependent on the material at 

nearby sources. In some cases, the quartz used often 

consisted of small pebbles and cobbles from stream beds 

or naturally exfoliating quartz lumps found on the 

surface. In other words, people used whatever was 

available in the local environment. The types of 

quartz used varied from fine-grained milky-white 

translucent/semi-translucent quartz to bubbly milky-white 

translucent/semi-translucent quartz (Table 7-42). There 

was a low percentage of flakes made from crystal, 

chalcedony-like and other coloured quartz. Pieces in the 

latter categories were small in area, mass and quantity, 

indicating possible reuse as well as unavailability in 

the immediate environment. 

DISCUSSION AND CONCLUSION 

For dated sites between 0-3000 BP there are few if any 

significant differences in flake attributes from 

assemblages in different areas, viz Kings Property, 

Brigadoon and Bennett Brook. Between 3000 and 4600 BP, 

significant differences do appear between Helena River 

Test Pit 1 spits 1-7 and Walyunga spits 1-17 on the one 

hand and Kings Property and Brigadoon on the other. This 

period also saw the introduction of backed tools and 
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technological changes which accompanied their production. 

The period between 4600 to 8500 BP demonstrated more 

significant differences between areas than at earlier 

times. Within the Walyunga assemblage groupings, flakes 

from 4600-8500 BP are heavier, larger in area and longer 

than flakes from younger assemblages. Differences in 

flake and platform size are even more distinct than those 

from assemblages dated between modern times and 3000 BP. 

Interestingly, there are few significant differences 

between assemblages dated between 3000-8500 BP and 

between 29,500-40,000 BP. The opposite is true, however, 

when post-3000 BP assemblages are compared with the 

older assemblages. 

Using the above information I estimate that the 

undated Bennett Brook assemblage can be placed between 

0-3000 BP on the basis of comparison with the material 

from Kings Property and Brigadoon. This chronological 

placement is considered further in Chapter 8, with a 

discussion of the total assemblage. The explanation of 

the lack of significant differences in flake shape 

(elongation and parallel index) between Bennett Brook and 

material from Walyunga spits 18-39 and Upper Swan lies in 

flake size. While flakes are larger in the last two 

sites, flake elongation and parallel index are relatively 

similar to the smaller flakes from Bennett Brook. 
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The interpretation of the flake assemblages from Test 

Pits 4 and 5 Helena River is difficult using the debitage 

analysis. These assemblages show few significant 

differences between themselves or when compared with Test 

Pit 1 Helena River. Comparison with assemblages from 

sites outside the area demonstrates significant 

differences in flake and platform size and shape, 

depending on the site. The exception is the comparison of 

flake attributes from Test Pit 4 spits 1-5 with Walyunga 

spits 1-17. Comparison between Walyunga spits 18-39 and 

Upper Swan shows few significant differences, with the 

exception of flake elongation. For these reasons, 

chronological placement of Test Pits 4 and 5 Helena River 

is difficult from the debitage analysis alone, though 

I would tentatively situate the sites between 3000-8500 

BP. Consideration of attributes from the total artefact 

assemblages for each test pit is discussed further in 

Chapter 8. 

The debitage assemblages from the Helena River and 

Upper Swan surface sites are enigmatic. They may reflect 

mixing of surface and subsurface material, which would 

account for the wide ranges of individual attributes from 

both sites and the significant differences in flake and 

platform size when compared with dated sites. Both 

surface sites overlie very old dated assemblages, both 

were occupied at European contact (as shown by flaked 
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glass), and both have been disturbed by European 

activity and by erosion. 

I have tentatively placed the undated sites into 

preliminary time ranges on the basis of debitage 

analysis. The discussion in Chapter 8 considers the full 

assemblage from each site in relation to the debitage 

analysis. In relating the flake analysis to other 

attributes of the assemblages, a firmer chronological 

placement of these sites is considered, thus 

demonstrating the potential of flake attribute analysis. 
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CHAPTER 8. 

RESULTS OF ANALYSES 

The results from the quartz debitage analysis together 

with the assemblage data present a clear case for more 

than a limited degree of technological change on the Swan 

Coastal Plain. As the debitage analysis has shown, these 

differences are quantifiable, which is not the case for 

other stone material. I consider these problems below 

before discussing the quartz debitage analysis and its 

importance in the interpretation of these assemblages. 

Material 

For 40,000 years quartz was the dominant stone 

material used for tool manufacture in sites on the Swan 

Coastal Plain adjacent to the Darling Scarp. Its presence 

and abundance in the assemblages considered here were 

dependent on the limited availability of other flakeable 

stone materials, in this case mylonite, fossiliferous 

chert and silcrete. The proportions of the latter three 

materials in individual sites reflect their level of 

availability. For example, a small percentage of 

silcrete was noted in the Walyunga assemblage and traces 

were found at Brigadoon and Bennett Brook, but none was 

noted in the Upper Swan, Helena River or Kings Property 
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assemblages. All pieces of silcrete were placed in the 

debitage or incomplete/indeterminate categories; no cores 

or edge-damaged pieces were noted. 

A similar situation existed for fossiliferous chert. 

While the surface area of chert flakes was greater for 

debitage from Upper Swan, spits 18-39 from Walyunga and 

spits 8-13 from Test Pit 1 Helena River, the proportion 

of fossiliferous chert was still negligible, especially 

in small assemblages. The locations of fossiliferous 

chert and silcrete sources are unknown, but on the basis 

of artefact sizes and quantities I suspect both materials 

were curated, especially fossiliferous chert. 

Fossiliferous chert is better for flaking than quartz, 

mylonite and silcrete and is likely to have been sought 

for tool manufacture. 

Small cores and edge-damaged pieces of chert have been 

noted in excavated assemblages. The latter are usually 

indeterminate pieces <1.0 cm2 in area, implying probable 

reuse over time. Fossiliferous chert has also been found 

in surface scatters, but its presence does not 

necessarily imply a site older than 4600 BP, even if one 

accepts that it was no longer being quarried after that 

time. Individual pieces were probably reused, having been 

picked up from other surface assemblages and discarded 

when no longer useful or flakeable. Classifications, 

weight and surface area of individual pieces of 
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fossiliferous chert from sites younger than 4600 BP 

reflect this proposal (see assemblage analyses from dated 

sites, Walyunga spits 1-17, Test Pit 1 spits 1-7 Helena 

River and Test Pits 6 and 9, Brigadoon). 

Mylonite was available from natural exfoliating 

outcrops in the Darling Scarp and is still evident today 

near the Walyunga site. While no quarries were noted in 

the Helena River survey, a vein was uncovered in a recent 

and heavily forested firebreak in a valley adjacent to 

the Helena River Gorge. I can only conclude that the 

presence of mylonite in assemblages was dependent on 

known and easily accessible sources such as those in the 

Walyunga area. This is reflected in individual 

assemblages. It was a heavily used resource at Walyunga, 

comprising over ten percent of the assemblage for spits 

1-17. However, mylonite use decreased proportionally in 

sites south of this area, comprising, for example, 8% at 

Brigadoon and 3% at Helena River. This could imply 

resource unavailability or size reduction from reuse, or 

reflect the distance of the other sites from a major 

source at Walyunga. 

Other lithic materials such as dolerite, granite and 

quartzite were also noted in all the assemblages, and 

were readily accessible in the environment adjacent to 

the Darling Scarp. Amounts were small, though 

individual pieces were often larger and heavier than 
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pieces of other stone. These materials were probably not 

used for making small flake tools, but rather as 

hammerstones, grinding stones and perhaps for other 

unknown purposes. 

Edge-Damaged Pieces 

This category is particularly important in quartz 

dominated assemblages where formal quartz tools are 

difficult to recognize because of the material's physical 

properties. It was for this reason I analyzed each 

assemblage microscopically for edge damage. The 

microscopic analysis of all assemblages except Walyunga 

found more edge-damaged pieces than the initial 

analysis. This is probably the result of the type of 

quartz used for tool manufacture at Walyunga, in this 

case bubbly quartz. Bubbly quartz often gives the 

appearance of having edge damage, but this is a 

characteristic of the material itself which is only 

apparent under microscopic examination. 

Using formal types or edge-damaged pieces to determine 

site function and use is not feasible at this time, but 

it can indicate whether a particular site was reused over 

time or represented but a brief stop by people in their 

seasonal round. Little is known ethnographically of the 

creation of edge damage in tool manufacturing or in the 

exploitation of the environment. Even less is known about 

past environments on the Swan Coastal Plain over the past 
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40,000 years. Nevertheless it has been established by 

Pearce (1978) that backed tool technology was 

introduced on the Swan Coastal Plain at 3200 BP. This 

technological development is reflected not only by the 

presence of backed pieces, but also in the increase of 

small rejuvenation pieces. The presence of increasing 

numbers of quartz rejuvenation pieces over the past 4600 

years indicates not only the refinement of this technique 

(as only a few rejuvenation pieces were noted in earlier 

assemblages), but also that people were reusing their 

tools rather than just discarding them as was done 

earlier, especially in the case of quartz. 

Cores with edge damage, other than those associated 

with flake production or scalar scarring, were separated 

into the edge-damaged category. Like other edge-damaged 

pieces over the past 4600 years, cores became smaller, 

and were often reused as tools, exhibiting step damage 

and sometimes crushing. The use of these small core 

tools, usually manufactured from quartz, indicates reuse 

rather than discard. As previously discussed, quartz was 

readily available and did not need to be reused. I 

propose that the reuse of these small cores as tools 

indicates another technological development in tool 

production that was initially introduced with backed tool 

and microlithic technology. 
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In summary, a proposition of assemblage similarity 

over the past 40,000 years is not refuted by an analysis 

of raw material composition. Quartz dominates all 

analyzed assemblages. Small changes in the amounts of 

other stone reflect availability from known and easily 

accessible sources or through reuse. Edge-damaged 

pieces, however, exhibit differences over this period. 

The introduction of backed pieces brought changes in 

technology through reuse rather than discard, as 

exhibited by small rejuvenation pieces and small cores 

reused as tools, particularly quartz pieces. This is 

interesting as quartz was more easily obtained than other 

flakeable stone, and I can only propose its reuse 

resulted from technological developments that accompanied 

the introduction of backed tool technology after 4600 BP. 

The final point to consider is whether the debitage 

analysis reflects these technological developments. 

Debitage 

To illustrate trends over the past 40,000 years, the 

median flake attributes from each dated site group were 

plotted on bar graphs (Figures 8-1 to 8-16). In order to 

compare the data from the dated assemblages with those 

from the undated assemblages, I have also included the 

attribute medians from the latter. In Chapter 7, I 

tentatively proposed a series of dates for the undated 

test pits at Bennett Brook and Helena River based on the 

debitage analysis. In reviewing the data from the 
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artefact analyses and excavations I reassessed these 

original proposals. 

The assemblages from both test pits at Bennett Brook 

were originally thought to be recent on the basis of 

their lithologies (96% quartz), artefact surface-area 

clusters and the large amount of debitage. However, 

there were no backed pieces or flakes of fossiliferous 

chert or worked glass in the assemblages, and thus dating 

of this site was ambiguous in terms of Hallam's original 

model (1972). The analysis of debitage confirmed the 

original assessment, however. Flake, attributes were 

statistically tested and compared to recently dated 

assemblages at Kings Property and Brigadoon and found not 

to be statistically different. In the previous discussion 

I placed Bennett Brook between 0-3000 BP, and on the 

basis of the reassessment of both the debitage and 

assemblage analyses I would accept this time range. 

Test Pits 4 and 5 Helena River were more difficult to 

place into a chronological framework. On the basis of 

the debitage assessment I tentatively situated these 

assemblages between 3000-8500 BP, but when the total 

artefact assemblage is considered this is not a tenable 

proposition. Both spit groupings for Test Pit 4 

contained backed pieces and fossiliferous chert, but 

there were no backed pieces or fossiliferous chert in the 

assemblage from Test Pit 5. The upper spits from Test 
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Pit 4 (spits 1-5, Brown Soil) and Test Pit 5 (spits 1-4) 

were located in the plowzone and would have been subject 

to mixing. The lower spits from Test Pit 4 (spits 5-10, 

Red Soil) were located in an old river channel just above 

the present level of the Helena River, so flooding in the 

past could have affected artefact placement in these 

spits. Nevertheless, in reassessing the time ranges for 

these test pits on the basis of both debitage and 

assemblage analyses, I would place Test Pit 4 spits 1-5 

between 0-3000 BP and Test Pit 4 spits 5-10 and Test Pit 

5 between 3000-4600 BP. 

As noted, the patterns of variation through time in 

flake attributes are presented in Figures 8-1 to 8-16. 

Individual flake attributes from both dated and undated 

sites are presented on the same page to accommodate 

comparisons. The numbers on the graphs represent the 

following site-groups. Each dated site-group is shown 

within the Time Units presented in Chapter 7, namely 

Dated Sites: Unit I 0-4600 BP 

1. Kings Property, Test Pits 2 and 4. 

2. Brigadoon, Test Pits 6, 7 and 9. 

3. Helena River, Test Pit 1, spits 1-7. 

4. Walyunga, Test Pit C18, spits 1-7. 

Unit II 4600-8500 BP 

5. Walyunga, Test Pit C18,spits 18-39. 
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Unit III 29,000-40,000 BP 

6. Upper Swan, Test Pits 8,2-12 and 2-13. 

Undated 1. Bennett Brook, Test Pits 1 and 2. 
Sites: 

2. Helena River, Test Pit 4, spits 1-5. 

3. Helena River, Test Pit 5. 

4. Helena River, Test Pit 4, spits 5-10. 

The main trend that is apparent in dated sites is that 

median flake sizes and weights decreased over the past 

40,000 years, with a slight change between 39,500 and 

8500 BP and a decline between 8500 to 4600 BP which 

continued to European contact. Flake width is the only 

attribute which appears to show little variation after 

8500 BP, while other flake and platform attributes 

generally decreased over time. The debitage from Test Pit 

1 Helena River differs markedly from the main trends in 

flake and platform thickness and width. This may also be 

noted for flake shape. The reason for these differences 

is unknown, but could result from diversity in flaking 

technology. Alternatively, the assemblage may be a 

mixture of very recent and old assemblages, though the 

ranges of minimum and maximum measurements for width and 

thickness are no more extreme than those in other 

assemblages. Another explanation could be that the date 

for these spits is not stratigraphically associated with 

the assemblages. 
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Figure 8- 1 , 
Weight Medians for Dated Sites 
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Figure 8-3, 
Length Medians for Dated Sites 

SJ..-' -

0.2 -

9.7-

U,2 J 

a.7-

8.2 -

T ** -
i . x_ 

1 

"*•• X "••,v-.X' 

i r 

•? 

SSS'-'S'' 
\\\\Y 
,'*'--.''s-.\.\"''','' 
'. ''"••.'""••. ' • • - . \ . \ 

•-. "s. '*"•- X 's. *\ 

' '•-. "\'",'',- '*",' 

1 

J 

XSSXv 
\\\\v 
77777 
• • . . ' • . . ... •., •-, 

77777 
,''*•-..''•».,''•, *\''•',', 

7v\\\'\ 
i 

4 

'••-.. X*X*XX "*" 

xx.Xx*vX 

'*.*''*• ''•••.X.X X. 

'•'.. \ '••-, '*••- '""•. '*• 

y y y ''**. 's*»*'' 

7777"•!' 
. ' • • • . . \ . ' \ \ *'"-, *' 

'.."'*• **••- ''s. ''•. **'•• 
*•., *..,.. •>. ••) 

y\y *•*•,'*''•.s 

' \ ' \ ' \ * \ ' *••,''' 

*'•••..'*\'s.'',. '**..' 

' " i' 

r:. 

'•-. '•". \ \ "S 
"••.,V, U. \ ';. 

., '"••. '""•. * \ \ ' \ 

""'•. \ \ '*", '"•,'' 

\X\\.Y 

, . j, . .1 

b 

\ . '•.. \ \ '•-, *' 

sysss. 

•-.. \ '••, '•:t 'X. '". 

.77777 
i 

Srtes 

12.2 n 

11 

11.2-

c 10.7 

10.2 

9,: 

•a1. 

6.7 

6.2 

Figure 8-4, 
Length Medians for Undated Sites 
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Figure 8-5, 
Width Medi'ans for Dated Sites 
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Figure 8-7, 
Thickness Medians for Dated Sites 
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Figure 8-9, 
Platform Thickness Medians for Dated Sites 
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Figure 8-11. 
Platform Width Medians for Dated Sites 
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Figure 8—13, Doted Sites 
Percentage of Flakes with Length > Twice Width 
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Fi g u re 8 -1 5, D a te d Sites 
Percentage of Contracting Flakes 
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The graphs for the undated sites are even more 

interesting. I accept the placement of the Bennett Brook 

assemblages between 0 to 3000 BP. The assemblages from 

Test Pits 4 and 5 Helena River are a problem. As 

previously discussed, there were few significant 

differences between flake attributes when these debitage 

assemblages were compared to Test Pit 1 Helena River. 

Equally, there were few significant differences when the 

assemblages were compared to spits 18-39 Walyunga and 

Upper Swan. 

The interpretation of the assemblage from Test Pits 4 

and 5 is complex, and cannot be definitively made at this 

time. For example, the presence of backed pieces in both 

spit groups from Test Pit 4 indicates that both 

assemblages were undoubtedly mixed. The debitage 

analysis indicates an older assemblage, however, with 

flakes being slightly heavier and larger than those in 

recent assemblages. Further, when attribute medians were 

compared with Walyunga spits 18-39 and Upper Swan, there 

were few significant differences, with the exception of 

platform size and flake elongation in the latter group. 

A similar statement could be made for Test Pit 5, 

though no backed pieces were noted. The 9000 BP date from 

spit 9, below the analyzed assemblage from spits 1 to 4, 

Test Pit 5, could allow for mixing between very recent 
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and older assemblages. Equally, this could result from 

variation in flaking technology or that the date of 9000 

BP is not stratigraphically associated with the 

assemblage. Nevertheless, based on the excavation and the 

total assemblage data from Test Pit 5, I interpret this 

group as less disturbed, and argue that the variation 

that is noted in Test Pit 4 is a result of greater mixing 

between recent and older assemblages in the two spit 

groups. 

Flake attributes were not plotted for the surface 

assemblages. I can only interpret both scatters as 

mixtures of very recent and old assemblages. The 

artefact and debitage analyses support this proposal, but 

until more surface sites are analyzed, it remains to be 

tested. 

CONCLUSION 

This chapter has discussed the results of both the 

assemblage and debitage analyses. As discussed in the 

introduction, traditional methods of analysis have shown 

only limited technological change on the Swan Coastal 

Plain over the past 40,000 years. In addition, these 

methods were found to be unreliable in dating assemblages 

as they relied solely on the presence or absence of 
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particular stone or tool types within a relative 

timeframe. However, the microscopic analysis of quartz 

debitage and edge-damaged pieces within these assemblages 

presents a clearer picture of technological change on the 

Swan Coastal Plain. The debitage analysis was also 

useful in investigating problems of dating surface and 

subsurface assemblages in the absence of chrono-

stratigraphic controls. 

It was found that the analysis of quartz debitage was 

valuable in distinguishing sites older and younger than 

3000 BP. It was also noted that the assemblages from 

different areas on the Swan Coastal Plain were similar 

for the period 0-3000 BP. The assemblages from Test Pit 1 

Helena River and spits 1-17 Walyunga, from the period 

between 3000 and 4600 BP, showed significant differences 

in flake attributes when compared with debitage 

assemblages from the more recent period. As the former 

period is associated with the introduction of backed tool 

technology, these differences could be the result of 

technological experimentation. 

The analysis of edge-damaged pieces from the period 

between 0-4600 BP also indicates technological change, 

shown not only by the presence of backed pieces but also 

by an increase in very small rejuvenation pieces and 

small core tools. The reuse of quartz tools is shown by 
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an increase in the amount, small size and the number of 

damaged edges on individually used pieces from this 

period. 

While there are no other flake assemblages dated 

between 4600 to 8500 BP, the assemblages from Walyunga 

spits 18-39 did indicate changes in flake and platform 

size and shape compared with assemblages younger than 

4600 BP. The graphs for flake attribute medians 

illustrate this change in flaking technology between 4600 

and 8500 BP. The graphs also demonstrate assemblage 

differences within the same site for different time 

periods, as shown when the assemblage from spits 18-39 

are compared with the assemblage from spits 1-17. Finally 

there were no significant differences in flake attributes 

when these older assemblages were compared with the 

assemblage from Upper Swan. Until more sites are found 

dating to the period 4600 to 8500 BP and earlier for 

comparison, it is difficult to interpret these results 

beyond indicating that there was little if any 

technological change over a period of more than 30,000 

years. 
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CHAPTER 9. 

CONCLUSION 

In this thesis, I have discussed the archaeology of 

the Helena River Valley on the Swan Coastal Plain. 

Chapter 2 canvassed a number of issues in the 

interpretation of the area's prehistory. These issues 

concern types of sites, assemblage analysis, terminology, 

dating and the direction of current research. It was 

proposed that an investigation of dated assemblages from 

excavated sites in the Helena River Valley and Swan 

Coastal Plain could resolve such problems as well as 

clarify future research directions. Two approaches were 

used: 1) a consideration of site formation processes and 

their affects on artefact deposition; and 2), an 

examination of the debitage component of stone artefact 

assemblages. These approaches and issues, and their 

importance to the prehistory of the Swan Coastal Plain 

and the wider southwest Australian region, are discussed 

below. 
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THE PREHISTORY OF THE HELENA RIVER VALLEY 
AND SWAN COASTAL PLAIN 

Little is known environmentally and historically about 

southwestern Australia in general and the Swan Coastal 

Plain in particular before the arrival of European 

settlers. 

The palaeoenvironment of the whole area is still a 

subject of contention. While general trends of past 

climatic change and their subsequent effects on the 

environment have been postulated for the southwest, there 

has been little agreement. If one were to apply this to 

the smaller area of the Swan Coastal Plain, matters are 

complicated by questions about micro climatic trends 

which undoubtedly developed over the past 40,000 years. 

Thus the effects of the environment on the indigenous 

inhabitants of the area remain unknown. 

While a great deal of historical research has been 

done in southwestern Australia, and particularly the Swan 

Coastal Plain, these investigations are not applicable to 

the issues addressed in this thesis. As discussed in 

Chapter 1, the settlement of the Swan Coastal Plain by 

Europeans and subsequent dislocation of the Aborigines 

created a distorted picture of Aboriginal culture in 

early accounts and records for the area. 
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Site Formation 

Chapters 3 and 4 examined the archaeological record of 

seven major sites on the Swan Coastal Plain. Particular 

attention focussed on the deposition of artefacts, the 

sediments in which the stone material was found and the 

assemblage data. An understanding of site formation 

processes is necessary to interpret artefact deposition 

within any site, and particularly on the Swan Coastal 

Plain, where most archaeological sites had been disturbed 

by both natural and human agencies. Experiments were not 

conducted to determine the precise nature and extent of 

such disturbance, but detailed notes were made on those 

sites I excavated. This approach was particularly 

important in interpreting sites in sandy matrices. 

Natural agents affecting the deposition of artefactual 

material included wind erosion, flooding, tectonic 

activity, grazing animals and burrowing by small animals 

and insects; human disturbance included plowing, treadage 

and vehicular movement. 

The presence of lupin seeds in the Bennett Brook test 

pits illustrates the importance of this approach. Lupin 

seeds were observed in both test pits to the lowest level 

containing artefacts, 1 m below the surface. Their 

presence at this depth demonstrates how readily these 

seeds, less than 1.0 cm2 in surface area and weighing 
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0.05 to 0.15 g, could have moved within the sandy 

sediments of this area from the surface. The lupin seeds 

were identified by Professor Pate at the University of 

Western Australia and found to be early feral examples of 

those introduced into this area in the late nineteenth 

century (Gladstones 1958). 

Following discovery of the seeds, I weighed and 

measured the surface area of the stone pieces from both 

test pits. In terms of size, 100% from Test Pit 1 and 

95% from Test Pit 2 were less than 1.5cm2 in surface 

area. I found that as depth increased, size, weight and 

number of stone pieces decreased. In addition, over 50% 

of the artefacts were smaller in size and weighed less 

than the lupin seeds collected from both pits. This site 

was not dated because of a lack of organic material, but 

as discussed in Chapter 3, the initial analysis of the 

assemblages from the two test pits indicated fairly 

recent occupation on the basis of raw material and 

typological markers. 

I proposed from the above analysis that the 

artefacts from both test pits were probably part of the 

same surface scatter which extended over a large area, 

and that subsurface deposition resulted from surface 

compaction, erosion, and disturbance by burrowing animals 

or insects. The food value of lupin seeds to insects or 

animals was doubtful because of their bitterness and 
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alkaloid toxity (Gladstones 1970). I also proposed that 

these sites could serve as an example of rapid deposition 

over a comparatively short period if one accepted the 

inference that the vertical movement of the lithic 

material was a recent phenomenon, having taken place in 

less than 100 years using the deposition of the lupin 

seeds for comparison. However, this proposition remains 

to be tested. 

Site visibility was a problem in areas not regularly 

plowed. In 1978, a large surface scatter was observed 

during a survey of Kings Property. In 1986 I resurveyed 

the area and found little evidence of the site. The farm 

had been sold during the intervening years and as a 

result the area was no longer plowed, but rather was used 

as holding paddocks for cattle and sheep. I inferred from 

this that the original surface scatter was located just 

below the surface, having disappeared through trampling 

by stock, and that the original exposure of artefacts 

observed in 1978 resulted from recent plowing. As noted 

in Chapter 4, subsequent test pitting confirmed this 

proposal. 

The above examples demonstrate the significance and 

importance of understanding site formation processes. 

Each site must be considered individually in terms of the 

various natural and human agents that can affect artefact 

distribution both on the surface and below the surface. 
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Further, as Schiffer points out, these processes must be 

understood and identified "-..before behavioral or 

environmental inferences are developed..." (1983:697). A 

failure to deal adequately with such matters has created 

problems in previous interpretations of both excavated 

and surface sites on the Swan Coastal Plain. 

Equally significant has been understanding the 

difficulties produced by using a phase scheme based on 

typological and raw material markers (Hallam 1972) for 

interpreting surface and subsurface assemblages. The 

reliance on typological and stone markers to classify 

sites distorts Swan Coastal Plain prehistory, especially 

in the case of sites in sandy matrices and disturbed by a 

variety of physical and human agencies. Thus, while an 

understanding of site formation processes was important, 

the development of a different procedure to analyze 

assemblages was of equal concern. 

Debitage Assemblage Analyses 

As discussed in Chapter 2, previous site 

classifications have depended on the presence or absence 

of backed pieces, fossiliferous chert or an abundance of 

amorphous quartz pieces and flakes. Little attention had 

been given to the debitage component of these 
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assemblages, which is primarily quartz. I proposed that 

an attribute analysis of individual quartz flakes could 

reflect change over time. Additionally, I reasoned that 

if it were possible to demonstrate the usefulness of this 

approach from dated excavations, the method could be used 

for interpreting surface scatters, as well as to test 

Hallam's phase scheme. 

To accomplish this aim, I developed a classification 

system to be used for the analysis of dated quartz 

debitage. This system was also used to classify other 

stone types within these assemblages, but these other 

types were not used in the statistical analysis as they 

composed very small percentages of total collections. 

Each quartz piece was classified as an indeterminate 

piece, flake, incomplete flake or core. In addition, 

edge-damaged quartz and other stone displaying use wear 

or retouch were separated and also placed in one of these 

categories, with a complete description of the type(s) of 

edge damage, such as stepping, scalar scarring or 

crushing. Each flake was weighed and its length, width 

and thickness and platform width and thickness were 

measured. The presence of platform preparation was also 

noted, as were colour and texture. 

The foregoing attributes of flake weight, size, shape 

and platform size were described statistically and 

compared using the non-parametric Mann-Whitney Test, 
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which tests for significant differences between 

population medians. Comparisons of flake attributes were 

made between dated assemblages within site groupings and 

between dated assemblages from different sites on the 

Swan Coastal Plain. 

The analysis produced the following results: 

1. There were no significant differences in flake 
attribute medians for assemblages dated between 0-3000 
BP, either within individual site groups or between 
sites in different areas on the Swan Coastal Plain. 

2. Some significant differences in flake attribute 
medians were found when assemblages dated between 0-
3000 BP were compared to assemblages dated between 
3000-4600 BP from sites in different areas on the Swan 
Coastal Plain. 

3. There were more significant differences in flake 
attribute medians when assemblages dated between 0-
3000 BP were compared to assemblages from sites in 
different areas dated between 4600-8500 BP and between 
29,500-40,000 BP. 

4. There were few significant differences in flake 
attribute medians when assemblages from sites in 
different areas on the Swan Coastal Plain dated 
between 4600-8500 BP were compared to sites dated 
between 29,000-40,000 BP. 

5. Less than 16% of flakes from all sites on the Swan 
Coastal Plain dated between 0-4600 BP did not have 
platform preparation. Almost 30% of flakes from sites 
older than 4600 BP exhibited unmodified platforms. 

6. There appeared to be little difference within site 
groupings, between sites in different areas or 
through time in the colour and texture of quartz used 
in tool making. 
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In sum, there is evidence of change through time in 

quartz technology on the Swan Coastal Plain. There are 

significant differences in flake size, shape and platform 

size between the period 0-3000 BP and older dated sites: 

flakes are smaller and more elongated in recent 

assemblages. Additional confirmation of technological 

change over the last 3000 to 4600 years can be adduced 

from the edge damage analyses. The study of all stone 

pieces from dated assemblages on the Swan Coastal Plain 

found that: 

1. There were few formal tool types in any dated 
assemblage. 

2. Backed pieces only appeared after 4600 BP. 

3. The amount and small size of edge-damaged pieces, 
reflected specifically by an increase of small 
rejuvenation pieces, increased after 4600 BP. 

The edge damage analyses confirmed Pearce's (1978) 

proposals concerning the introduction of microlithic 

technology, as indicated by the presence of backed pieces 

after 4600 BP. The decrease in flake size and an increase 

in the amount of edge-damaged pieces after this period 

also reflects this change in technology. It is proposed 

that the decrease in size is an indication of new tool 

manufacturing techniques which enabled the knapper to 

reuse tools, thereby increasing amounts of edge-damaged 

pieces. In the more distant past, these pieces would 

have been discarded, especially if made from quartz. 

Change after this period is also reflected by the number 
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of utilized edges on a tool, as well as an increase in 

the various types of edge damage noted on individual 

pieces. This situation applies to mylonite and 

fossiliferous chert as well as quartz. Finally, the 

presence and small size of fossiliferous chert pieces in 

the upper levels of Walyunga Test Pit C18 indicates its 

reuse and probable curation if one accepts that the 

source of this material was no longer accessible after 

5000 to 6000 BP. 

Application of Debitage Approach to Undated Assemblages 

The analysis of debitage from dated sites corroborates 

Pearce's proposal regarding the introduction of 

microlithic technology on the Swan Coastal Plain after 

4600 BP. In order to demonstrate whether this approach 

was useful for interpreting undated assemblages, the 

attributes of debitage from surface and undated excavated 

assemblages were compared to those of the dated 

assemblages discussed above. The results are summarized 

below. 

Surface Assemblages. 

Helena River and Upper Swan Surface Scatters. There 

were statistically significant differences in flake and 

platform size when the assemblages from both surface 

scatters were compared to those from all time periods. I 
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concluded that these results were ambiguous and probably 

reflected mixing of surface and subsurface material over 

a long period of time. This would account for the wide 

range of attribute values for individual flakes from both 

sites and the significant differences in flake and 

platform size in comparison to dated assemblages. In 

addition, both sites overlie very old dated assemblages, 

both were occupied at European contact and both had been 

disturbed by European occupation and erosion. 

Undated Excavated Assemblages. 

Bennett Brook. Test Pits 1 and 2. The search for 

significant differences was especially useful for this 

site, as neither test pit contained fossiliferous chert 

or backed pieces. The flake attribute analysis found no 

significant differences when the assemblages from both 

test pits were compared to sites dated 0-3000 BP, but the 

opposite was observed when these assemblages were 

compared to older sites. The analysis confirmed my 

original proposition that Bennett Brook was a recent 

site. 

Helena River. Test Pits 4 and 5. The results for 

Test Pits 4 and 5 proved enigmatic. There were few if 

any significant differences when assemblages were 

compared either to those from Helena River Test Pit 1, 

or to each other. The lack of differences could have 
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been anticipated as the three test pits were in close 

proximity to each other. When the flake assemblages were 

compared to sites outside the Helena River area, 

flake and platform size and shape were significantly 

different from those in assemblages less than 3000 BP, 

but not from assemblages older than 3000 BP. 

When the total assemblages from both test pits were 

considered with the debitage analysis, it was observed 

that the assemblage from Test Pit 4 contained both backed 

pieces and fossiliferous chert, while the assemblage from 

Test Pit 5 contained neither. Thus a consideration of 

the total assemblages from both test pits did not clarify 

the interpretation of either assemblage. I concluded 

that the assemblages from both test pits had probably 

been subjected to mixing and artefact displacement, as 

the upper spits in both test pits were located in the 

plowzone. 

In conclusion, I propose that the method of quartz 

debitage analysis used in this thesis can identify 

undated sites with dated assemblages deposited between 0-

3000 BP. The utility of the approach in identifying 

debitage from the period associated with the introduction 

of microlithic technology, 3000 to 4600 BP, is not clear. 

There are only two dated debitage assemblages for this 

period, Walyunga Test Pit C18 (dated to 4560 BP) and 

Helena River Test Pit 1 (dated to 3750 BP), and more 
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dated samples are needed to ascertain if there are 

regional trends. 

Comparison of these two assemblages to each other did 

find differences in flake shape and platform size. These 

differences could be due to changes associated with the 

introduction and development of the new microlithic 

technology, and the skills and preferences of individual 

knappers. In addition, both assemblages are mixed with 

post-3000 BP debitage, which would undoubtedly create 

flake and platform size and shape differences. 

Finally, only two sites were used for comparison of 

dated flake assemblages older than 4600 BP, namely 

Walyunga Test Pit C18, dated between 4600-8500 BP, and 

Upper Swan, dated 31,500 to 39,500 BP. While significant 

differences from sites less than 4600 BP were noted in 

the attribute analyses, additional comparative samples 

from these time periods are needed to determine if trends 

do exist. 

ISSUES IN SOUTHWEST AUSTRALIAN PREHISTORY 

Swan Coastal Plain 

There are problems associated with the debitage 

analysis owing to a lack of comparative assemblages older 
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than 3000 BP. Nevertheless, I propose that this type of 

approach would be useful in determining the antiquity of 

undated post-3000 BP assemblages. The application of 

this approach to quartz and other stone in conjunction 

with microscopic analysis of total assemblages further 

demonstrates its significance in interpreting Swan 

Coastal Plain prehistory. For example, in reconsidering 

Hallam's (1972, 1986) phase scheme, the following points 

can be proposed: 

1. Early Phase. The use of fossiliferous chert as a 

time marker is untenable. Reanalysis of the assemblage 

from Walyunga Test Pit C18 found this material in all 

dated levels. In addition, while it is generally 

accepted that the source for this material probably lies 

just off the present coast of southwestern Australia, no 

quarries have been found and there are no firm dates for 

the cessation of quarrying. Nevertheless, I would accept 

an Early Phase which would cover sites dated between 4600 

to 40,000 BP, based on the absence of backed pieces and 

the results of the debitage analysis of sites older than 

4600 BP. 

2. Middle Phase. This phase is marked by the 

presence of backed pieces, and is in agreement with 

Hallam's original scheme. While she is unclear how this 

phase is distinguished from the Late Phase, I propose 

that significant differences in debitage from post-3000 
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BP sites, as well as the presence of backed pieces, 

distinguish this period from both the Early and Late 

Phases. I would date such sites between 3000 and 4600 BP 

and associate them with the introduction of microlithic 

technology to the Swan Coastal Plain. 

3. Late Phase. Hallam states that this phase is 

marked by "quartz-rich assemblages" (1986:4). 

Unfortunately this is an untenable proposition, because 

as this thesis shows, all assemblages from all time 

periods are quartz-rich. The debitage analysis presented 

above has demonstrated that this phase is characterized 

by flake assemblages with no significant variation in 

flake shape and flake and platform size. Further, the 

analyses of total assemblages showed that there is an 

increase in small edge-damaged pieces. I would propose 

that this phase dates between 0 to 3000 BP. 

4. Final Phase. There is no contention with this 

period, as it is characterized by the use of European 

materials in tool manufacture, and dates from the time of 

European colonization of the Swan Coastal Plain. 

While I could be criticized for using the presence 

of backed pieces as a chronological marker, the 

additional information obtained from the debitage 

analyses and the microscopic analyses of total 

assemblages, as well as an understanding of site 
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formation processes, strengthens the revised 

periodisation and interpretation of undated sites on the 

Swan Coastal Plain. 

The relative dating of surface assemblages based on 

tool or raw material types and their subsequent use to 

develop a regional archaeology is not unique, either in 

Australia or overseas. Of more importance, however, is 

the recognition and alleviation, if possible, of those 

problems that are associated with using this methodology. 

Thomas discussed the problems that can occur when 

constructing relative chronologies, and the need "to 

isolate and define the sources of variability that 

condition...time markers" (1986:620). Furthermore, the 

use of type markers is not for explanation, but rather 

its use is a "low-level activity with limited objectives" 

in the construction of cultural chronologies (Thomas 

1986:624). In the case of the Swan Coastal Plain, I have 

attempted to isolate those factors that do affect the 

interpretation of surface assemblages, in the development 

of a regional prehistory of this area. 

Hiscock (1988) has discussed the pros and cons of 

using surface assemblages in developing the regional 

prehistory of an area. This thesis has fulfilled most of 

the conditions he proposed for constructing a dating 

framework, based on the technological or stoneworking 

process itself (Hiscock 1988:116-117). While this study 

245 



has investigated stone technology primarily in terms of 

quartz debitage, it is acknowledged that this type of 

investigation is but a preamble for further research on 

other dated assemblages and stone types. 

To date, there are few studies to compare to the 

present investigation. As discussed in Chapter 5, most 

quartz research has been concerned with microwear 

analyses of formal tools (e.g. Broadbent and Knutsson 

1975; Knutsson 1986; Sussman 1985). This emphasis is 

changing, however, with the investigation of other 

aspects of quartz technology. For example, Hiscock 

(1982) analyzed quartz flakes and cores to determine the 

reduction sequences for surface assemblages located on 

the south coast of New South Wales (see also Knight n.d. 

and Perham 1985 ) . 

While debitage investigations have been useful in 

providing a background to the present study, none was 

directly comparable, as the questions and methods used 

were not applicable. With the exception of Hiscock's 

(1986) study, these investigations were concerned with 

large, established archaeological data bases (e.g. Burton 

1980; Fish 1981; Moss 1986; Sullivan and Rozen 1985). 

Hiscock's reanalysis of mudstone flakes which 

demonstrated technological change in the Hunter Valley, 

however, was especially useful in the development of the 

attribute analysis used here. 

246 



Southwest Australia 

As proposed in the preceding section, fossiliferous 

chert alone cannot be used as a marker to date 

otherwise undatable assemblages. This caveat applies to 

sites on the Swan Coastal Plain and other areas of 

southwestern Australia where this chert has been 

identified in archaeological contexts. The problems 

associated with this particular stone and its 

interpretation in the archaeological record need further 

investigation. 

As discussed in Chapter 2, another issue that has 

caused much discussion and controversy has been the 

identification of small flakes and tools in southwestern 

assemblages older than 4000 to 5000 BP. Their 

identification implies that microlithic technology had 

developed in southwestern Australia before its generally 

accepted appearance, both here and elsewhere in 

continental Australia, around 4000-5000 BP. The use of 

differences in size to imply the existence of a micro 

technology in the Australian southwest before it is 

conventionally thought to have been introduced is 

misleading and the archaeological record for the Swan 

Coastal Plain does not substantiate such propositions. As 

the analyses in Chapters 6 and 7 have shown, there are 

changes in flake size and shape, as well as in tool 

technology, both before and after this period. Specific 
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differences in technology between regions within the 

southwest or between larger regions within continental 

Australia do exist, and are largely dependent on the 

stone material available as well as the skills and 

preferences of individual manufacturers. In this case, 

the microscopic investigation of quartz assemblages has 

demonstrated that technological change did occur on the 

Swan Coastal Plain, in the form of backed pieces and 

changes in the total assemblages. I propose that similar 

analyses in quartz-dominated assemblages will resolve 

some of these contentious issues, particularly those 

associated with size and edge damage. 

Two other issues which need to be briefly discussed, 

but are not directly relevant to the present study, 

are intensification and coastal colonization. 

A proliferation of archaeological sites and/or an 

increase in artefact numbers is argued to occur in areas 

in southeastern Australia from the mid-Holocene (e.g. 

Hughes and Lampert 1982; Lourandos 1983; Ross 1985). 

This development is attributed to reasons ranging from 

environmental shifts to socio-economic changes. Hallam 

(1977) has also discussed this issue, in relation to site 

densities on the Swan Coastal Plain and adjacent regions, 

based on site types, artefact counts and ethnographic 

evidence. While not directly stating causation, she 

proposed that population densities had probably reached 

their ceiling at European contact. As this investigation 
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has demonstrated, most of the dated sites lie within the 

recent period (0-3000 BP), as would most of the surface 

scatters, on which Hallam has based her argument. The 

point which should be noted, however, is that it is 

impossible to determine whether this is a result of 

increase in population density or other factors. As 

Hiscock (1986:48) has stated, there is no way we can 

presently determine either intensification or 

disintensification of population and occupation increase 

based on archaeological debris. 

Since changes in the amount of debris often 
appear to coincide with new technologies and/or with 
alterations in the number and location of sites, it is 
possible that within Holocene Australia there are 
underlying changes to the structure of discard 
behaviour, technology, settlement patterns and economy 
(Hiscock 1986:48). 

Hallam (1987b) has also argued that the initial 

colonization of Australia was through riverine and lake 

systems of the interior during periods of high 

precipitation in the past, rather than around coastal 

margins, proposed by Bowdler (1977). Hallam based this 

proposal on evidence from surface scatters and dated 

sites on the Swan Coastal Plain, and other inland sites 

from both the southwest and other parts of Australia. 

The archaeological evidence from the Swan Coastal Plain 

does not support this contention. As has been shown 

here, the use of the phase system to date the surface 

scatters from this area needs to be redefined. Again it 

is argued that a reanalysis of the quartz component in 
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these surface assemblages would probably result in a 

different interpretation. Additionally, Hallam has not 

considered the myriad site formation processes that would 

have affected site visibility and destruction within the 

urban setting where these sites are located, as well as 

those sites that have disappeared after initial 

colonization of the area. 

Coastal colonization cannot be discounted at this 

time, as recent investigations in northwestern Australia 

have documented coastal exploitation at very early 

dates (Morse 1988; O'Connor 1989). Unfortunately, 

Aboriginal populations of southwestern Australia did not 

use the ocean's resources to the extent observed in the 

northwest or other parts of Australia. Dortch ejt al. 

(1984) have discussed this issue at length, and at 

present no firm reasons or conclusions are forthcoming. 

While historical accounts indicate that southwestern 

Aborigines exploited the littoral of the Swan Coastal 

Plain, a lack of shell mounds is no reasons to argue that 

the very first colonists were not coastally-adapted. 

Settlement patterns and environmental adaptations need 

not have remained static over a 40,000 year period and 

sites could well have been destroyed by sea level 

transgression. 

The final point to be mentioned is the lack of sites 

on the Swan Coastal Plain dated to between approximately 
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9000-29,000 BP. Similar breaks were noted for the 

Pleistocene sites previously mentioned in northwestern 

Australia. O'Connor (1989) noted a hiatus between 24,600 

and 10,850 BP for Koolan Island and Morse (1988), a break 

between 19,000 and 2500 BP for Mandu Mandu rockshelter on 

North West Cape. This could result from a number of 

reasons, environmental and/or social. 

Ferguson (1985) noted a similar occurrence at Quininup 

in the lower southwest, with a decrease in artefacts from 

10,000 to 6000 BP and a break between 6000 and 4000 BP. 

He postulated the hiatus resulted from depopulation of 

the entire southwest as a result of wet climatic 

conditions. The site was consequently reused once drier 

conditions prevailed after 4000 BP. The assemblages 

after this period contained new tool types and associated 

microtechnology. Ferguson proposed that this new 

technology was introduced by populations which migrated 

to this area from the interior. This is an interesting 

proposition, but will prove difficult to test. Besides, 

the evidence from the north of the state suggests some 

broader-scale processes were involved. Clearly much 

remains to be done on this question. 
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DIRECTIONS FOR FUTURE RESEARCH 

The microscopic analysis of total assemblages, with an 

emphasis on debitage in quartz-dominated collections, has 

been useful in investigating change in stone technologies 

on the Swan Coastal Plain. The approaches used in this 

thesis have been particularly important in interpreting 

the regional prehistory of the Helena River Valley within 

this larger area. Further application of this method 

should prove invaluable in interpreting the many surface 

scatters that have been located in the region. The edge 

damage analysis needs to be extended beyond the 

descriptive approach used here to include research into 

manufacturing and assemblage formation, replication and 

residue analysis. Palaeoenvironmental studies are also 

required to obtain a definitive picture of Aboriginal use 

of the environment over the past 40,000 years. Finally, 

a variety of innovative approaches and methodologies are 

needed to investigate an information base whose content 

is often sparse, disturbed and confusing. 
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APPENDIX 1. 

pH VALUES 

The pH values presented below are based on the 

procedures presented by Allen (1974:23-25). Sediment pH 

was taken on samples using a Beckman pH meter H5 and pH 

electrode. 

TABLE Al-1. pH Values for Site Groups. 

Site 

Helena River 

Bennett Brook 

Test 

1 

1 

Pi .t Depth (cm) 

0 - 8 
23 - 28 
83 - 103 
5 - 1 5 

65 - 75 

Spit 

1 
5 
11 
1 
7 

PH Value 

6.7 
6.7 
6.6 
5.7 
5.4 

Brigadoon 6 2 8 - 3 8 6 5.4 
105 - 125 11 5.6 

7 0 - 1 0 2 4.8 
90 - 100 11 5.9 

9 1 8 - 2 8 3 5.1 
110 - 120 12 5.9 

Kings Property 2 5 5 - 6 5 9 6.1 
4 5 - 2 0 2&3 5.3 

50 - 60 7 g ^ 
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APPENDIX 2. 

WEIGHTS OF QUARTZ PIECES FROM SITE GROUPS 

Tables A2-1 to A2-10 present the weights of quartz 

in assemblages from the six site groups analyzed. The 

data are presented by categories for each assemblage. A 

complete discussion for each category is given in Chapter 

5, but it can be noted that the categories include: 

Ind/Inc Indeterminate pieces and incomplete flakes; 

Deb Debitage or flakes; 

C/CF Cores and core fragments; and 

ED Edge-damaged pieces. 
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APPENDIX 2 

BELEHA RIVES 

TABLE A2-I. Weight of Quartz Pieces froi Test Pit 1, Helena River. 

Level (Spit) Ind/Inc Debitage C/CP ED Total Weight 
Depth 

1 (1-T) 41.51ff 28.67g 76.15g 32.01g 178.34g 
0-43ci 
2 (8-11) 19.00g 3.69g 152.66c 1.80c 177.15g 
43-103ci 
3 (12-13) 0.35g 9.64g 4.64g — - 14.63g 
103-143ci 

TABLE A2-2. Weight of Quartz Pieces froi Teat Pit 4, Helena River. 

Level (Spit) Ind/Inc Debitage C/CP ED Total Weight 
Depth 

1 (1-5) 43.39g 28.13g 80.37g 81.92g 233.81g 
0-50ci 
2 (5-10) 81.95c 16.38g 09.17g 65.44g 172.94g 
50-lOOci 

TABLE A2-3. Weight of Quartz Pieces froi Test Pit 5, Helena River. 

Level (Spit) Ind/Inc Debitage C/CP ED Total Weight 
Depth 

1 (1-4) ll.STf 32.62g 21.95c 30.94g 97.38g 
0-40ci 
2 (5-10) 09.39g 00.12g 09.06c 58.74c 77.31c 
40-100ci 

TABLE A2-4. Weight of Quartz Pieces froi Surface Collection, 
Helena River. 

Ind/Inc Debitage C/CP ED Total Weight 

287.54g 246.24g 573.22c 316.70c 1423.70c 
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KINGS PROPERTY 

TABLB A2-5. Weight of Quartz Pieces froi Test Pits 2 and 4, 
Kings Property. 

Test Pit Ind/Inc Debitage C/CP BD Total Weight 

2 15.38g T65l WTii VTl's 64.86g 

4 36.27g 22.01g 22.63g 89.04g 169.95g 

BRIGADOON 

TABLE A2-6. Weight of Quartz Pieces froi Test Pits 6, 7 and 9, 
Brigadoon. 

Test Pit Ind/Inc Debitage C/CP BD Total Weight 

1 5oT57g 22.25C 132.93c 38.96c 244.71g 

7 13.47g 24.09g 9.75g 75.93g 123.24g 

9 74.75g 37.35g 40.33g 17.68g 170.11c 

BENNETT BROOK 

TABLE A2-7. Weight of Quartz Pieces froi Test Pits 1 and 2, 
Bennett Brook. 

Test Pit Ind/Inc Debitage C/CP ED Total Weight 

1 IT* 27941 0T98g Ulg liT67g 

2 6.87g 9.07g 6.48c 4.89g 27.31g 
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WALYUNGA 

TABLE A2-8. Weight of Quartz Pieces froi Test Pit C18, Walyunga. 

Spit 

1-4 

5-14 

15-17 

18-19 

20-32 

33-39 

Ind/Inc 

153.66g 

38.74g 

10.36g 

13.69? 

184.25g 

65.62g 

Debitage 

46,84g 

26.24c 

16.47g 

8.14c 

123.33g 

74.72g 

C/CF 

62.64g 

92.48g 

20.20g 

11.14c 

87.26g 

32.63c 

ED 

195.03g 

54.82g 

57.88c 

17.94c 

380.10c 

7.03c 

Total Weight 

458.17g 

212. IH 

104.91c 

50.91c 

774.94c 

180.OOg 

UPPER SWAN 

TABLE A2-9. Weight of Quartz Pieces froi Test Pits 8, 2-12 and 
2-13, Upper Swan. 

Square Ind/Inc Debitage C/CP ED Total Weight 

~8 38.26c ~~ — oTTTg 38.40c 

2-12 16.43g 12.50g 1.64c 2.29g 32.86g 

2-13 23.88g 30.92g 9.78g 16.82g 81.40c 

TABLE A2-10. Weight of Quartz Pieces froi Upper Swan 
Surface Collection. 

Ind/Inc Debitage C/CP ED Total Weight 

47.77g 109.21g 135.69g 86.14c 378.81c 
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APPENDIX 3. 

AREA CLUSTERS OF QUARTZ FROM SITE GROUPS 

Tables A3-1 to A3-10 present the area clusters 

of quartz from the six site groups used in the analyses. 

These groupings are based on half centimetre area 

clusters ranging from <0.5 cm2 to >3.0 cm2 for each 

assemblage. 
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APPENDIX 3 

HELENA RIVER 

TABLB A3-1. Nuiber of Quartz Pieces in Area Clusters froi Test Pit 1, 
Helena River. 

Half Centiietre Area Clusters 

Level (Spit) (U1 (LO1 <L5* oTfj* TT* OO* Trf 
Depth 

1 (1-7) 20 109 51 32 9 4 4 
0-43ci 
2 (8-11) - 1 4 4 2 1 2 
43-103ci 
3 (12-13) - 1 1 3 --
103-143ci 

TABLE A3-2. Nuiber of Quartz Pieces in Area Clusters froi Test Pit 4, 
Helena River. 

Half Centiietre Area Clusters 

Level (Spit) <0.5* <1.0* <1.5* <2.0* <2.58 <3.02 >3.0Z 

Depth 

1 (1-5) 26 165 91 39 10 3 2 
0-50ci 
2 (5-10) 4 25 15 5 4 1 3 
50-lOOci 

TABLE A3-3. Nuiber of Quartz Pieces in Area Clusters froi Test Pit 5, 
Helena River. 

Half Centiietre Area Clusters 

Level (Spit) TT uTo* TT- <uf TT oTo* yu* 
Depth 

1 (1-4) 10 54 20~" " "T" 3 1 2 
0-40ci 
2 (5-10) - 8 6 1 2 - 1 
40-lOOci 

TABLE A3-4. Nuiber of Quartz Pieces in Area Clusters froi Surface Collection, 
Helena River. 

Half Centiietre Area Clusters 

<0.52 

33 

<1.0Z 

629 

<1.5Z 

448 

<2.0* 

168 

<2.5* 

36 

<3.0* 

17 

>3.0*-

13 
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KINGS PROPERTY 

TABLE A3-5. Nuiber of Quartz Pieces in Area Clusters froi Test Pits 2 and 4 
Kings Property. 

Half Centiietre Area Clusters 

Test Pit <0.52 <1.02 TT TT TT o.o2- Tj)1 

_ _ _ _ _ . . . 

4 57 208 52 27 7 2 1 

BRIGADOON 

TABLE A3-6. Nuiber of Quartz Pieces in Area Clusters froi Test Pits 6, 7 
and 9, Brigadoon 

Half Centiietre Area Clusters 

Test Pit Ty TT TT <27o* TT- TT >ilz 

1 62 231 77 24 9 4 3 

7 45 131 33 12 4 2 2 

9 110 290 76 24 8 3 1 

BENNETT BROOK 

TABLE A3-7. Nuiber of Quartz Pieces in Area Clusters froi Test Pits 1 and 2 
Bennett Brook. 

Half Centiietre Area Clusters 

rest Pit <oT5* <To* (T? al* TT* Ty T7f 

1 29 35 12 2~~ ~ ~ 

2 53 100 16 9 1 
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WALYUNGA 

TABLE A3-8. Nuiber of Quartz Pieces in Area Clusters froi Test Pit C18, 
Walyunga. 

Half Centiietre Area Clusters 

Spit 

1-4 

5-14 

15-17 

18-19 

20-32 

33-39 

<0.52 

116 

77 

28 

17 

277 

60 

<1.Q* 

447 

193 

51 

53 

359 

138 

<1.5* 

137 

61 

10 

13 

103 

23 

<2.02 

58 

21 

9 

3 

57 

15 

<2.52 

20 

12 

1 

5 

14 

5 

<3.02 

6 

--

1 

--

8 

7 

>3.0: 

5 

3 

2 

1 

13 

4 

UPPER SWAN 

TABLE A3-9. Nuiber of Quartz Pieces in Area Clusters froi Test Pits 8, 2-12 
and 2-13, Upper Svan. 

Half Centiietre Area Clusters 

Square 

8 

2-12 

2-13 

<0.5Z 

--

19 

26 

<1.02 

--

43 

90 

<1.5' 

1 

9 

24 

<2.02' 

1 

7 

5 

<2.58 

--

1 

4 

<3.02 

--

1 

3 

>3.0' 

1 

1 

3 

TABLE A3-10. Nuiber of Quartz Pieces in Area Clusters froi Upper Swan 
Surface Collection. 

Half Centiietre Area Clusters 

(0.52 <1.02 <1.5Z <2.0* <2.52 <3.02 >3.02 

~~~ 5 16 17 4^ 5 12 
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APPENDIX 4. 

QUARTZ CORES FROM SITE GROUPS 

Tables A4-1 to A4-9 present the 

categories for quartz cores from the six site groups used 

in the analyses. Note, though, that Upper Swan Test Pits 

8, 2-12 and 2-13 are excluded. No cores or core 

fragments were identified in Test Pit 8, while only one 

core and three fragments respectively were noted in Test 

Pits 2-12 and 2-13. A complete discussion for each 

category is given in Chapter 5, but it can be noted that 

they include: 

SP Single platform core; 

MP Multiplatform core; 

BP Bipolar core; 

BP/MP Cores that originally have a number of 
striking platforms and after reduction, have 
been used as a bipolar core; 

I Indeterminate pieces used as cores which 
cannot be classified into one of the other 
categories; and 

CF Core fragment. 
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APPENDII 4 

HELENA RIVER 

TABLB A4-1. Quartz Cores froi Test Pit 1, Helena River. 

SP MP BP BP/MP I CF Total Cores 

1 ~T~ ~5~ "1 7 22 

2 3 

1 -- 1 

TABLE A4-2. Quartz Cores froi Test Pit 4, Helena River. 

Level (Spit) SP UP BP BP/MP I CP Total Cores 
Depth 

Level (Spit) 
Depth 

1 (1-7) 
0-43ci 
2 (8-11) 
43-103ci 
3 (12-13) 
103-143ci 

SP 

2 

1 

— 

1 (1-5) 
0-50ci 
2 (5-10) 
50-100ci 

1 

1 

3 

--

4 

— 

--

--

5 

— 

13 

2 

26 

3 

TABLE A4-3. Quartz Cores froi Test Pit 5, Helena River. 

Level (Spit) SP MP BP BP/MP I CP Total Cores 
Depth 

1 (1-4) - 1 4 - - ii U 
0-40ci 
2 (5-10) 1 1 2 
40-lOOci 

TABLE A4-4. Quartz Cores froi Surface Collection, Helena River. 

SP MP BP BP/MP I CP Total Cores 

fi 17 11 I 4 66 114 
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KINGS PROPBRTY 

TABLE A4-5. Quartz Cores froi Test Pits 2 and 4, Kings Property. 

Test Pit SP MP BP MP/BP I CP Total Cores 

1 ~- 5 ~ -- ~ 3 8 

4 - 1 2 -- - 9 12 

BRIGADOON 

TABLE A4-6. Quartz Cores froi Test Pits 6, 7 and 9, Brigadoon. 

Test Pit SP MP BP MP/BP I CP Total Cores 

1 ~- 5 6 I 2 11 26 

7 - - 2 1 - 4 7 

9 - 2 2 -- 1 11 16 

BENNETT BROOK 

TABLE A4-7. Quartz Cores froi Test Pits 1 and 2, Bennett Brook. 

Test Pit SP MP BP MP/BP I CP Total Cores 

1 ~- - - - - i i 

2 . . . . 2 - 3 2 7 
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WALYUNGA 

TABLE A4-8. Quartz Cores froi Test Pit C18, Walyunga. 

Spit SP MP BP BP/MP I 

-

-

-

-

1 

1 

CF 

6 

1 

1 

3 

6 

_. 

Total Cores 

13 

4 

2 

3 

12 

4 

1-4 

5-14 

15-17 

18-19 

20-32 

33-39 

2 

--

1 

--

3 

2 

2 

3 

--

--

1 

1 

UPPBR SWAN 

TABLE A4-9. Quartz Cores froi Upper Swan Surface Collection. 

SP MP BP BP/MP I CF Total Cores 
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APPENDIX 5. 

RADIOCARBON DATES 

This appendix presents a complete list of radiocarbon 

dates obtained for the Helena River, Brigadoon and Kings 

Property sites (Table A5-1). Several technical points 

should be noted (Polach et al. 1983:150-151): 

1. d13C values equal 12C/13C ratios with respect to 
the PDB standard in units permil, 

2. D14C values include sample 14C activity and 
millesimal enrichment (+) and depletion (-) 
values in relation to 95% of the NBS Oxalic Acid 
Standard, both corrected for isotopic 
fractionation with respect to the PDB standard, 
and 

3. age values are stated in years Before Present 
(BP) - i.e. 1950 - and are calculated using the 
Libby half-life of 5568 years corrected for 
isotopic fractionation. 

The abbreviations used for Laboratory References 

included: SUA - The N.W.G. Macintosh Centre for 

Quaternary Dating; WAIT - Western Australian Institute 

of Technology, School of Applied Chemistry; Beta - Beta 

Analytic Inc., University Branch, Florida. 
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TABLB A5-1. List of Radiocarbon Dates* 

Laboratory 
Reference 

SUA 2009 

SUA 2010 

WAIT 22 

WAIT 23 

WAIT 41 

WAIT 42 

WAIT 105 

WAIT 106 

WAIT 111 

Beta 22790 

Beta 22791 

User Code 

B2205/1/13 

B2205/1/5 
Saiple 2 

B2205/1/11 

B2205/3/7-8 
Saiple 4 

B2205/5/9 
Saiple 6 

B2205/7/1 
Saiple 7 

S1315/TP6/3c 

S1315/TP7/2c 

S1319/TP9/4c 

MT39/7 

MT41/4 

Saiple 
X Req./ 
aiount 

37. n 

100S 

2.6448g C J * 

0.9155c C d * 

1.8578c CfcHt. 

Tiie 
Min 

5000 

1360 

dl3C 
periil 

-25 +/- 2 

-25 +/- 2 

D*C 
periil 

35.6 •/- 2.4 

176.8 +/- 1.9 

32.4 +/- 5 

3.0 +/- 2.5 

81.9 +/- 2.0 

72.1 +/- 1,5 

78.8 +/- 2.0 

AGE BP 
Yr 

29,400 +/- 2000 

3750 +/- 90 

8300 +/- 500 

2120 +/- 200 

9000 +/- 1100 

28,200 +/- 4800 

1610 •/- 190 

2630 +/- 160 

1910 +/- 200 

780 +/- 70 

1290 +/- 50 

•Spacing indicates no information. 
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