
CHRONOLOGfCAL CHANGES IN THE ARCHAEOLOGICAL 

MATERIAL AT SCOTCH CREEK I, AN OPEN 

SITE NEAR THE ADELAIDE RIVER, N.T. 

Christine Crassweller, 1996 

The following is a thesis submitted in partial fulfillment of a B.A. Honours 

course in the Dept. of Anthropology, Northern Territory University. 



To the best of this candidates knowledge the work presented in this thesis is 

original, except as acknowledged in the text, and has not been previously 

submitted in whole or in part for a degree at this, or any other university. 



1. 

ACKNOWLEDGEMENTS. 

I would first like to thank Ken Dupe for finding the site, Mike Smith for 

excavating the site and for his field and laboratory notes and Nonna Richardson 

from the Northern Territory Museum and Art Gallery for lending me the 

excavated material. Also from the N.T. Museum and Art Gallery, Helen Larson 

and Fiona Mowat who helped in the faunal analysis and Kim Akennan, the heat 

treatment of stones. The notes from Sally Brockwell's preliminary analysis of 

the stone artefacts saved a lot of time in my analysis. Ian Walters also helped in 

the bone analysis and Bridget Wijnberg in the identification of the plants 

surrounding the site, and of course Peter Hiscock who pushed and shoved me 

to complete the thesis. 



.. 
u. 

CONTENTS 

1 . INTROOOcriON 1 

2 THE OORTHERN FLOOD PLAINS 2 
Problems In a Reg ional Analysis 4 
Tempora l Differences 6 
Negative Evidence 7 
Ethnographic Data 7 
The Envi ronment as a Variable 8 
Determining Site Function 10 
Changes In the Stone Ar te facts 11 
Settlement Patterns 14 
Conc lus1on 17 

3. SaJTQi CREEK. M SITE . 20 
Present Env1ronment 20 
Past Environment 22 
Distr ibut ion of Raw Material 23 
Fauna 23 
The Excava t 1on 2 4 
Stratigraphy 24 
Site Dat1ng 26 
The Archaeological Remains from Scotch Creek I 27 

4 THE STONE ASSEMBLAGE. A TEQiOOLcx:;ICAL ANALYSIS 29 
Method 30 
Square J8A 31 
At tr1butes Measured on the Stone Artefacts 32 
Results of Analysis 35 
Raw Material 37 
Changes 1n the Use of the Raw Ma terial 38 
Heat Damage 39 
Cores 40 
Retouched Tuff Flakes 41 
Retouched Silcrete Flakes 43 
The Bone Points 43 
Relat ionship Between Retouched 

and Unre touched Flakes 43 
Unretouched Tuft Flakes 45 
Scars on Retouched Flakes 49 
Unretouched Flakes Produced by Bifacial Flaking 50 
Unretouched Silcrete Flakes 53 
Var1a t1ons Between the Tuff 

and Silcrete Artefacts 54 
Manufacture or ReJuvenation? 56 
Conclus1on 56 



111. 
5 BROKEN AND E.I:GE DAMAGED FLAKES 58 

Ident1fy1ng the Causes for Change :a 
Broken Flakes and Flaked Fragments so 
Method for Edge Damage Analys ts S2 
Results of Edge Damage Analys1s 6) 
New Damage S) 
causes for New Damage ss 
Old Damage s' 
causes for Old Damage S6 
Conclus1on sa 

6. TiiE OONES 69 
Phys1cal Proper ties of Bone 70 
Bone Accumulat1ons 71 
Burnt Bone 72 
Archaeolog1cal In terpreta tions from Co lour 73 
Trampling 74 
Me thod 75 
Resu l ts 76 
Bone Ident i fication 76 
Distr ibution of Taxon 77 
Seasonali ty 78 
Qualification of the Bone Fragments 78 
Dens1ty of Bone 79 
Preservational Propert ies of Bone 81 
Bone Fragmentat ion 81 
Relationship be tween Burnt Bone and Fire 83 
Changes in the Intensity of Site Occupation 85 

7. OWG:S IN TiiE SQ)'l'Qi CREEK I ASSEMBLAGE & TiiE 
RELATIONSHIP TO REGIONAL SETI'LEMENT PATIERNS 86 

The Constants at Scotch Creek I 86 
Problems in Detecting and Interpreting Change 87 
Changes in Sedimentation Rates 88 
Changes in the Manufacture of Stone Artefacts 89 
Unretouched Flakes 89 
Points 91 
The Rectangular Retouched Flakes 92 
The Amorphous Retouched Flakes 93 
Changes in the Intensity of Stone 

Tool Manufacturing 93 
The Rate of Change 95 
Change 1n Si te Function 96 
Chronological Change in Site Function 97 
Effec ts of Environmental Change on Site Function 98 
Scotch Creek I 1n a Regional Perspective 98 



IV. 

TABLES . 

OOPTER 2 
2.1 Distribution through time of sites located 

by Woodroffe 15 

OOPTER 3 
3 1 Distribution of No of different size classes 

of stone artefacts 25 
3. 2 Radio carbon dates 25 

OOPITR 4 
~ 1 Analyttca l units used in Square JSA 31 
4.2 Density of tuff and silcrete artefacts 36 

3 no of tuff and Silcrete artefacts 38 
4 4 Distribution of raw mater1al 1n Square J8 & Ll1 38 
4 5 Ratio of tuff and Silcrete artefacts 39 
4.6 Otstrtbution of tuff and silcrete artefacts 41 
4 7 Types of tuff and stlcrete artefacts 42 
4 8 Rat 1o of unretouched to retouched tuff flakes 44 

9 Rat 1o of unretouched to retouched Silcrete flakes 45 
4 10 Me tr1c comparison of tuff flakes . Level 1 & 2 46 

4.11 Metr ic compartson of tuff flakes . Level 2 & 3 46 
4 12 Metric comparison of tuff flakes . Level 1 & 3 47 
4 13 Oistributton of platform types on tuff flakes 47 
4 14 DistribUtion of termination types on tuff flakes 48 
4 15 Distribut ion of overhang removal on tuff flakes 48 
4 16 Percent of tuff flake attributes use to identify 

bifacial flaking 51 
4 17 Percen t of Silcrete flake att r ibutes used to 

identify bifacial flaking 51 
4 18 Percent of flakes with two or more attributes 

used to iden t ify bifacial flaking 51 
4 19 Metr ic comparison of Silcrete flakes between 

levels 53 
4.20 Distribution of platform types on silcrete flakes 54 
4 21 Distr ibu t ion of termina t ion types on silcrete 

flakes 54 
4.22 Distribution of overhang removal on silcrete 

fla kes 54 
4 23 Metri c comparison of tuff and Silcrete flakes 

between levels 55 

OOPITRS 
5 1 Percent of flake fragments 
5 2 Percent of broken flakes 
5.3 Percent of transversely broken flakes 
5 4 Artefact with old and new scars 
5 5 Changes 1n new multiple and Single scars 
5 6 Size distr ibuti on of new scars 
5 7 Changes in old multiple and Single scars 
5 8 Size distrtbution of old scars 

62 
63 
63 
65 
66 
66 
68 
68 



v. 
~ITR6 

6. l Bone identification and NISP 76 
6.2 Distr tbution of taxon 78 
6.3 NISP and Wt of different burntng classes of bone 79 
6 . ~ NISP . Wt and density of bone 80 
6.5 Denstty of different burning classes of bone ao 
6.6 Ratio of burnt : unburt bone Sl 
6.7 Average wt. of burn ing classes of bone 82 
6.8 Fragmentation as a percent of identif ied fragments 83 
6 9 Percent by wt . of burning classes of bone 84 



Vl. 

ABSTRACT. 

The environment next to Scotch Creek ( has changed little since the 

adjacent billabong was formed and the type and variety of animal species 

identified in the faunal material has remained constant since the site was first 

occupied. Changes identified in the archaeological material at Scotch Creek I 

may be the result of adaptations to the environmental transformation that were 

occurring to the west around the Adelaide River since the mid-Holocene. This 

thesis proposes that several different subsistence strategies and site functions 

have been used by the occupants over time to cope with the major 

environmental changes in the region. This interpretation was based on changes 

in the density of artefacts and faunal remains, the different type of implements 

being manufactured and discarded over time and damage to the archaeological 

material . 

Unlike other interpretations proposed for site function and settlement 

patterns in the Northern Rivers Region of the Northern Territory where people 

are following the resources as they become abundant, Scotch Creek I was a 

constant and reliable location for the occupants in an otherwise unstable 

environment. Changes in the organization and contents of the stone assemblage 

and in the faunal remains indicate that the site had different functions and was 

occupied with distinct changes in intensity during different periods. 
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CHAPTER 1. 

THE ANALYSIS OF SCOTCH CREEK I. 

Introduction. 
This thesis examines the artefacts discarded by hunter-gatherers at an 

open stratified site at Scotch Creek I, on the Adelaide River Flood Plain to find 

any chronological change in the artefacts that can be interpreted as changes in 

prehistoric human behaviour at the site. As the cultural material at Scotch 

Creek I consists of both stone artefacts and faunal material it provides an 

opportunity to analyse and compare two different types of archaeological 

material which can then be used for a comprehensive explanation for the 

changes in site function through time. 

As Scotch Creek I appears to have been repeatedly occupied, it has the 

potential for uncovering human activity in an environment and for a period of 

time that has little other archaeological data for this region. 

Most of the previous archaeological research in the Top End of the 

Northern Territory has centred around the escarpment and flood plains in the 

Kakadu Region [see Figure 1 ]. Their interpretations have been closely linked to 

the changing environment following the stabilization of the sea level about 

6,000 years ago and the creation of the flood plains over the next 5,000 years or 

so. 
These environmental changes must have had some impact on the lives of 

the hunter-gatherers which resulted in changes to their economic, social and 

political life. With the changing environment it is highly likely different 

economic strategies were used to exploit new environments. Changes in 

mobility or settlement patterns would be needed to take advantage of the new 

environments. The adoption of a different social organization and /or 

subsistence technologies and activities may have also been used to compensate 

for the unpredictability of the environment. The timing and extent of the 

environmental changes and the models already proposed for human adaptations 

to these changes are discussed in Chapter 2. 

These models also rely heavily on the dichotomy of tlood plain and 

escarpment found in the Kakadu Region . As this landscape difference does not 

occur in the Adelaide River catchment area, the models proposed for the 

Kakadu Region may on ly be a local ised example of past hunter-gatherer 

settlement patterns and subsistence strategies. Chapter 3 describes both the 

past and present environment surrounding the site and also describes the 
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excavation procedures used by Smith [n.d.] in 1980 and the preliminary results 

of the excavation [Smith and Brockwell 1994]. 

Evidence for how the prehistoric people adapted to these environmental 

changes at Scotch Creek I should be visible in the stone and bone remains. Its 

location on the flood plain during a period of intense environmental change 

presents the possibility of identifying how people adapted to these changes 

from direct evidence rather than extrapolating from changes in archaeological 

sites that are situated in other environmental areas. 

The technological analysis of the stone artefacts in Chapter 4 will show 

changes in the abundance and type of artefact being manufactured and how 

the stone artefacts were being manufactured at different periods of occupation. 

The stone artefacts will also be examined for damage in Chapter 5 which may 

indicate periods of more intense processing of the stone and /or periods of a 

more intense use of the site. 

In Chapter 6 the faunal remains will be used firstly to identify changes in 

the species represented which may indicate changes in the local environment 

and secondly the damage to the faunal material will be used to hypothesise 

changes sedimentation rates which, with changes in the density of both the 

stone and bone remains, may indicate changes in the intensity of site use. 

It is hoped, in Chapter 7, that the data from the analysis can be used to 

explain changes in site function and the intensity of site use which can then be 

related to models of settlement patterns and regional subsistence strategies that 

have been proposed for the northern rivers region of the Northern Territory, 

otherwise known as the Top End. 



3 

CBAPTER2. 

THE NORTHERN FLOOD PLAINS. 

The majority of models proposed for hunter-gatherers since the mid

Holocene in the Top End has been derived from archaeological research around 

the Amhem Land Escarpment and the adjacent flood plains of the East and 

South Alligator River in the Kakadu Region. To place the analysis from Scotch 

Creek I into a regional perspective it is necessary to examine these models for 

their strengths and weaknesses and also to determine whether there is any 

relevance in these models for explanations of site function and subsistence 

strategies identified at Scotch Creek I, a site that is approximately 150 km from 

the escarpment. 

These models have been developed from patterns such as the differences 

in the number and size of sites in a particular environmental zone, the presence 

or absence, or varying proportions of particular stone artefacts or faunal 

material at individual sites and temporal patterns interpreted from radiocarbon 

dates from these sites. 

Most changes in the archaeological record in Northern Australia have 

been interpreted as human adaptations to environmental changes, [Schrire 

1982~ Jones 1985 ~ Allen 1989]. Jochim [1976:12] states that resource use and 

scheduling is a primary consideration for any hunter-gatherer group, therefore 

settlement patterns are closely related to the available resources. Therefore the 

long term geomorphological changes on what are now the flood plains and the 

seasonal wet and dry climate that has existed in this area since the mid

Holocene would have been major variables influencing settlement patterns in 

the region. 

The general outcome of these explanations or interpretations in the Top 

End has led to site catchment analyses where sites are assessed on the available 

natural resources and the site's economical potential for one period rather than 

settlement pattern studies which result in a broader perspective of landscape 

use through time. The efforts made to achieve a satisfactory explanation of 

settlement patterns has been hampered by a lack correlation of archaeological 

and environmental data between the separate research studies which would 

help in determining population distribution across time and space. 

The archaeological patterns that Jones [1985 :291] uses to show that there 

was a "sudden explosion of occupation" with an increase in abundance and 

diversity of resources as the flood plains changed from estuarine to freshwater 
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conditions have not been subjected to an analysis that eliminates other factors 

such as environmental, behavioural or temporal, that could have formed the 

same patterns. In Allen's [ 1989] synopsis of all the archaeological data 

uncovered in this area, he proposes that there was a gradual increase in the use 

of the lowlands as the abundance of resources increased during the mid

Holocene and that the escarpment area was abandoned from about 3,000 years 

ago. Hiscock [in press] also suggests that there was a reorganization of 

settlement patterns with a shift away from the rockshelters to the occupation of 

the region northwest of the escarpment towards the coast. 

The geomorphological evidence points to an environment that was 

diverse, a mosaic of freshwater and estuarine resources from as early as 4,500 

years ago and the assumption that the floodplains were bereft of resources as 

the area changed from estuarine to freshwater conditions can not be 

substantiated. When the archaeological record is re-interpreted with these 

factors in mind it can be demonstrated that the flood plains may have been 

consistently exploited since the mid-Holocene and that the model proposed by 

Jones [ 1985] for a large increase in the occupational intensity within the last 

1 ,000 years cannot be ratified. 

Problems in a Regional Analysis. 

The study of settlement patterns involves gathering data from many 

sources, archaeological, ecological and ethnographic. Attempts are then made 

to group data into particular time periods so that comparisons can be made 

between findings from contemporary sites. Interpretations for settlement 

patterns have several problems that must be overcome before any hypotheses 

can be made. When sites within a region are studied over a length of time by 

different people there are many theoretical and methodological approaches and 

research methods and aims that can be used. This may result in distortions of 

archaeological patterns when data from individual sites are compared with each 

other. 

As Smith [ 1978] says there are three variables that must be examined 

before a settlement pattern model can be proposed. These are the environment 

and its resources, population size and subsistence strategies. In the models 

proposed for settlement patterns in the Top End. these three variables have 

played a pivotal role in the explanations of prehistoric people's use of the 

landscape. AJthough it has been realised that the landscape in the Top End has 

changed drastically over the last 7,000 years there is still uncertainty over the 
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rate and extent of these changes and consequently the relationship between 

environmental changes and past human behaviour is still unclear. 

If the environment is seen as a system it is important to understand the 

relationships between different parts of the system. These include the 

geomorphology, climate, plants and animals and also humans. Unfortunately 

any correlations that can be made between environmental and archaeological 

changes do not necessarily imply direct cause and effect [Ellen 1 982: Plog 

1986]. The connection between the environment and the archaeological record 

is often mediated by changes in subsistence strategies or technological 

organization and there may not be a direct relationship with population size or 

any general movement of people across the landscape to take advantage of new 

resources. 

Isaac [ 1 984] describes several different analytical approaches that can be 

used to discern land use patterns. Firstly distribution maps are formed to 

highlight the relationships between location, topography and artefactual 

remains using the assumption that sites with similar characteristics have the 

same site function. This method was used by Schrire [ 1982] which resulted in 

her plateau/ plain dichotomy. A second approach is to examine a single site in a 

catchment area and then locate and list the resources that are available within a 

certain area from the site. This method then assumes that the site represents the 

average resource base for a particular catchment area. Guse [1992] used this 

method to a certain extent in his analysis of the areas surrounding the South 

Alligator and Mary Rivers. A third approach is based on ethnographic and/or 

ecological data was used by Brockwell [ 1989] to some extent on the wetland 

sites of the South Alligator and calculates the expected economic and social 

factors that would effect settlement patterns which will result in a quantitative 

description of the type and placement of sites. 

The interpretation for any settlement pattern relies heavily on the type of 

classifications used to differentiate classes of sites and also the ability to 

identify which sites represent the "average" for a particular classification. To 

use a site classification in a regional context it is important that the definitions 

for these groups are constant so that meaningful comparisons can be made. In 

the Top End sites have been classified most frequently into locational groups, 

that is. plateau, plain, floodplain and sites located on higher ground adjacent to 

the floodplain . When Jones [ 1985:294] compares his findings on the floodplain 

sites which contain a high density of stone artefacts with Schrire's plain sites 

[ 1982] with few stone artefacts, there is the assumption that they are, or were in 

similar environmental areas. However as Schrire's sites [ 1982] are in 
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rockshelters which contain estuarine shell middens and Jones' sites [ 1985] are 

open sites without middens, it would seem that these sites might not have the 

same function, with the different activities resulting in different discard rates 

for stone artefacts. Schrire [ 1982:251] also suggests that shells may have been 

also used as tools at the midden sites, which would reduce the density of stone 

artefacts. Therefore it is very difficult to make any inferences on the 

differences in the intensity of site usage between sites that appear to be in 

similar environmental areas without examining other variables. 

Temporal differences. 
The sites in this area can also be classified on the basis of site structure, 

i.e . as stratified sites, open surface sites and middens. As Plog and Hantman 

[ 1990] discussed, any comparison made between these sites is very difficult, 

unless there are temporal markers to show that they co-existed. Comparison of 

changes between excavated sites can only be done when each site has a series 

of dates radiocarbon dates. The number of dates obtained in the Top End are 

relatively few and have been obtained to answer specific research questions. 

Consequently there is an average of only about two dates per excavated site for 

the period since the mid-Holocene. Schrire [ 1982] obtained nine dates from 

five sites, Kamminga and Allen [ 1973] obtained l I dates from six sites and 

Jones and Johnson [ 1985] bad 16 dates from six sites. This is not enough to 

determine contemporaneity in a settlement pattern analysis, especially when 

two dates within one site can cover a period of 7,000 years. 

There are also problems when surface sites are compared. According to 

Ham [ 1978], there are alternate models that can be used to explain whether 

different sites co-existed. In the first place, all sites in a region may be 

contemporary. Secondly there could be successive occupations by the same 

group of people, thirdly the site could be successive occupations by different 

people, and fourthly the sites could be a combination of the three. In Northern 

Australia there have been debates about which model is most appropriate. 

When Meehan et al . [ 1985] analysed the large open wetland sites on the South 

Alligator River they were interpreted as long term large base camps whereas the 

Hiscock, Mowat and Guse [1992] survey found a continuum in both the size of 

the sites and the density of artefacts and discovered that the larger sites were in 

fact rare and may represent frequent visits of smaller groups of people. 
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Negative Evidence. 

For any analysis of settlement patterns the assumption is that all s ites or 

all types of sites are represented or have been found. Groube [ l 981 ] describes 

areas where no archaeological remains have been located as black holes, and he 

lists several explanations for this phenomena. It may be that these areas were 

not occupied and were avoided because of socio-political or economic reasons. 

The sites may not be located because the sites have been destroyed or hidden 

through environmental processes, or have low archaeological vis ibility because 

there is very little preservation of the artefacts discarded by the prehistoric 

people. The high rate of sedimentation that has occurred in the floodplain area 

since the mid-Holocene may be the reason for the lower number of early sites 

found in this region rather than a low usage of the area by groups of people. 

Theoretically some of these problems can be overcome by more intense 

archaeological surveys or more robust sampling techniques. This has been 

demonstrated by Hiscock, Mowat and Guse [ 1992] who expanded the surveyed 

area around the South Alligator River area and Guse [ 1992] who also surveyed 

around the Mary River Flood Plain. Both surveys indicated the use of a more 

diverse environment than previously detected. The models that proposed an 

intense use of the flood plain areas also used ethnographic date to back up their 

ideas, [Jones 1985 ~ Meehan et al. 1985]. 

Ethnographic Data. 
Reconstructing past human behaviour often uses ethnographic or 

historical data. These approaches are based on Lyell's doctrine of 

uniformitarism, developed in geology. The tenets developed from this doctrine 

say that the physical, chemical and biological laws that operate today have also 

operated in the past, [Tarbuck and Lutkens 1990:5]. It has been realised within 

geological research that the processes which are happening today may not have 

had the same relative importance or occur at the same rate as in the past. The 

use of ethnographic analogy for the behaviour of past hunter gatherers is also 

limited by the fact that ethnographic data is only a record of short term 

behaviour, whereas archaeological analysis usually can only lead to 

interpretations of longer term behaviour. 

Unfortunately these concepts are not often considered when ethnography 

is used as an aid to the explanation of prehistoric behaviour. If, as Allen 

[ 1989: 11 0] observed, there is no comparable analogy existing in the area now 

for the previous environment it does seem unrealistic to compare the behaviour 
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of Aboriginal people over the last 100 years with the activities of hunter 

gatherers who lived in a different environment in the past. 

The environment as a variable. 

In the Top End explanations for the past environment rely mostly on 

infonnation uncovered by geomorphological investigations. These studies have 

found rather drastic changes to the river systems in the area after the sea level 

stabilised around 6,000 years ago, leading to different stages in the landscape 

development. 

According to Woodroffe [ 1985] the river systems in the area have 

undergone three environmental stages since the mid-Holocene sea-level 

transgressions; the big mangrove swamp, then hypersaline conditions followed 

by freshwater conditions that are now present. From research on the central 

South Alligator River Hope et al. [1985] suggest that the hypersaline conditions 

were caused by a build up of sediments which choked out the mangroves. The 

hypersaline conditions may have prevailed until the flood plains and levee 

banks formed which stopped any salt water incursions onto the plains. 

Woodroffe [1985] states that although this model is based on the South 

Alligator River it can also be applied to the Adelaide River with the early 

phases synchronous, but perhaps not the latter because of different sediment 

supplies. 

Whilst this sequence is accepted by geomorphologists and archaeologists 

there is still disagreement as to the rate of these changes. Clarke and Guppy 

[ 1988] who carried out pollen analysis in western Amhem Land suggest that 

the change from estuarine to freshwater conditions was not uniform and could 

have resulted in vegetational changes which were discontinuous and rapid. 

Although the hypersaline stage has not been dated for any area [Hope et al. 

1985 and Woodroffe et al.l985], there is no evidence to show that the 

hypersaline conditions covered the whole area at the same time. W oodroffe et 

al. [ 1985 and 1988] suggest that the disappearance of the mangroves was more 

rapid and that the mangroves had largely disappeared, except along the river 

edges by 4,500 years ago. The Woodroffe et al. [1988:99] discovery of two 

adjacent middens lying on top of freshwater clay on the South Alligator River 

Flood Plains and dated to before 4,000 BP confirm that open freshwater plains 

existed before this time. 

Although there are conflicting estimates of the amount of precipitation 

that occurred from the mid-Holocene [Hiscock and Kershaw 1992:57], 

Wyrwoll [1992:405] states that it is reasonable to conclude that precipitation 
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levels over the last 10,000 years are similar to that of today, with the mid

Holocene's mean annual precipitation for the Kakadu region being "somewhat 

higher" than now. Beeftink [ 1972] has discovered that soil salinity is closely 

related to the amount of flooding and according to Bunt [1984: 129] salt flats 

under favourable wet conditions are able to support a mixed vegetation of 

mangroves, Melaleucas and dense stands of sedges. lf this was the case in the 

mid-Holocene then the increase in precipitation may have lessened the severity 

of the hypersaline stage of the flood plains. 

The uncertainty over the rate of environmental change and whether 

freshwater lagoons existed alongside mangrove swamps for over 4,000 years, 

has major consequences for any archaeological interpretations describing 

human adaptations to the changing environment. 

The archaeological interpretations of both Schrire [1982] and Jones 

[ 1985] considered that there was a gradual seaward displacement of 

mangroves over the area. Jones [1985 :292] is quite convinced that the 

freshwater conditions only formed over the last 1 000-1500 years. This 

conclusion was based on the findings ofHope et al. [1985 :233] from the central 

South Alligator River. What they actually found was a radiocarbon date of 

around 1,400 y~ in one of a series of pits dug in organic muds during a 

geomorphic survey of the area around Kina on the South Alligator Flood Plain. 

The organic muds represent sediments deposited in a fresh water environment. 

As the location of this particular pit was very near the present day position of 

the South Alligator River it must be assumed that this area would revert to 

freshwater conditions much later than an area further from the river bed. 

Therefore the date of l ,400 year ago represents the limit for saline conditions 

on the floodplains in this area. This conclusion was also reached by Hiscock [in 

press]. 
The dramatic climatic changes of the wet and dry in Northern Australia 

control what resources are available at particular times. The timing, duration 

and intensity of the past wet/dry seasons is one variable which may also effect 

regional spatial patterns as it related to the abundance and reliability of 

resources. The amount of precipitation and the timing of the rainfal~ is the 

primary limiting factor for the animal and plant life in a wet/dry climate, 

[Finlayson et al . 1989~ Taylor and Tulloch 1985~ Clarke et al. 1992]. Rainfall 

statistics at Midd.le Point Research Station near the Adelaide River show that 

the mean annual rainfall for 1984/85 was 667 mm between November and 

February compared to an average of 942 mm indicating that yearly rainfall 

levels can be quite variable, [Bowman and Wilson 1986:69]. Related factors 
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such as the flow velocity and water depth of the rivers and floodplains also 

effect the abundance of plants such as Eleocharis which are an important 

resource for both humans and magpie geese. [Bowman and Wilson 1986]. 

Clark et al. (1992: 102] also points out that the lack of rain in September and 

October in this area will effect the dominance of grass on the flood plains. After 

early rainfall in September-October, grass will germinate and if rainfall persists, 

even intennittently, grass will dominate. However if there is an abrupt start to 

the wet season followed by persistant and heavy rainfall aquatic plants will 

dominate the floodplains. This yearly climatic variation which would change 

the abundance and availability of resources may be reflected in settlement 

patterns, however it might be impossible to determine whether archaeological 

patterns have formed from seasonal adaptations or adaptations to longer termed 

geomorphic variations. 

As one of the main detenninants for the location and function of a site 

are the resources available at the site, any environment changes are, in theory, 

discernible in the stone artefacts and the faunal remains at a site and vice versa. 

Determining Site Function. 
The site function is a classification that describes how the sites were 

used in prehistory and is derived from characteristic patterning and densities of 

stone artefact types or attributes, and/or faunal or plant remains found at a site. 

However to use this information in a regional context for settlement pattern 

models Rigaud and Simek [ 1987:49] point out the need for these items to be 

defined and sampled in similar ways. Something as simple as the size of the 

mesh used to sift the deposit can make it difficult to compare findings from 

different sites. The major archaeological investigations in the Top End have 

used different sized sieves. Schrire's [1982] smallest sieve size was 6.35mm, 

while Jones' [ 1985] excavations used 3 mm as the smallest and the Meehan et 

al . [ 1985] surface surveys along the South Alligator and Allen Barton's 

excavation at Ngarradj were sifted through a mesh of 2 mm. This results in a 

sampling bias which will have a higher density of stone artefacts at sites which 

used smaller sized mesh. It is also difficult to compare such ratios as retouched 

to uruetouched flakes. Unfortunately Jones [ 1985] has used this comparison as 

evidence of a more intensive use of the wetland sites. 

As Hiscock [ 198 1] explained, to measure the intensity of site usage using 

only one variable only measures one kind of behaviour. When Jones and 

Johnson [ 1985 :60] discuss the high intensity of site usage at An bang bang I the 

variable measured is organic material as the stone assemblage is small. Jones 
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and Johnson use the unique preservational qualities to classify this site as 

'average' and an example of the increase in population of the area during the last 

1 , 000 years. 

There is only one example of the use of several variables when 

interpreting intensity of use. This was done by Schrire [ 1982:236] who used 

stone artefacts, bone and shell remains from the plains rockshelters to suggest 

that these sites had only been used sporadically and discontinuously since the 

mid-Holocene. 

Very few of the interpretations used to explain the differences in the 

stone artefacts at each site have taken into account the effects of technological 

organization of the stone artefacts. Allen [ 1989] has suggested that an increase 

in small flakes may be the result of bifacial knapping and Jones (1985 :294) 

suggests that stone artefacts are less abundant at sites further from the rock 

source. Using the approaches of Binford [1977], Bleed [1986] and Bamforth 

[ 1986] who classify stone tool assemblages into curated and non-curated tools, 

or reliable and maintainable tools, it is possible to hypothesise different 

subsistence strategies that can effect settlement organization. Using this type of 

approach Hiscock [ 1994] suggests that a change in the form of the stone tools, 

that is the point and the adze/chisels scrapers that dominate many of the sites 

from about 4,000 years ago reflect a change in technology that help to minimize 

risk when exploiting a changing environment. 

Brockwell [ 1989] who analysed the stone artefacts from the Meehan 

wetland sites classified the stone artefacts by using attributes such as use-polish 

and tool shape, and from ethnographic observations of tool use. She concluded 

that the different sites were used for different purposes and/or different seasons. 

The major difficulty in this approach is that most of the tool and site functions 

were determined using analogies from the present Aboriginal behaviour which, 

as mentioned above, is not a very convincing argument given the environmental 

changes. 

Until a stone technological analysis has been carried out at sites, patterns 

that are thought to represent site function, the intensity of occupation or 

manufacturing sites may in fact be caused by technological organization. It is 

also possible that site function changes through time and as the majority of 

archaeological material in Northern Australia are stone artefacts it is this 

material that has provided the most data for interpreting site function. 
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Changes in tbe stone artefacts. 
Identifying changes in the stone tool assemblages from excavated sites in 

the Top End, especially for the period of 3,000 years ago to the present, is 

problematic. The analytical units used by Schrire [ 1982] at Nawamoyn and 

Malangangerr are generally too broad to detect any changes in the midden 

layer, which may or may not represent occupation within the last 3,000 years. 

Ngarradj Warde Djobkeng appears to be abandoned from about 3,0000 to 500 

years ago, [Allen & Barton, n.d:30] and there is little archaeological data from 

stratified sites near the flood plains that represent occupation for this period. 

Nauwalabila, excavated by Jones and Johnson [ 1985] appears to be the only site 

that has a continuous and detailed record of stone artefacts for this period and 

this was not on the flood plains. 

The major change in the stone artefacts in this area has been the 

appearance of points and rectangular adze/scrapers, [described by Jones 

[1985 :206] as smalL flat, tabular, steeply retouched flakes] which occurred 

sometime around the mid-Holocene. Jones [ 1985] states that points may have 

first appeared as early as about 5,800 years ago. Jones and Johnson [ 1985] also 

suggest that the small rectilinear adze/scrapers appeared after the arrival of 

points at their excavation at Nauwalabila, however this interpretation depends 

on the validity of the pre-5,000 year date for the first appearance of points. 

There is no evidence from any other sites in tills area that shows the points and 

adzes appeared at different times, [Schrire 1982; Allen and Barton n.d.]. 

Hiscock [1994:274) claims that it is only safe to say that the points were wide 

spread by 4,000 years ago. 

At Nauwalabila the highest discard rate of stone artefacts, measured as 

number of artefacts, was between 2-2,500 years ago. This period also had the 

highest number of points and rectangular scraper/adzes. The majority of the 

unretouched flakes, over 80%, were less than lcm2, [Jones and Johnson 

1985:204]. As a high percentage of small flakes were present before the main 

body of the points were present, Jones [ 1985 :295] concludes that even though 

all but one of the lower spits had no points, the small flake size represent their 

manufacture. He does not extend this argument to include the adze /scrapers 

which have a similar distribution as the points except for not identifying one of 

these artefacts well below the main concentration. 

The points and rectangular scraper/ adzes at Ngarradj Warde Djobkeng 

are located in the top three levels and their first appearance occurs about 4000, 

years ago. These levels are also associated with an increase in the proportion 
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of small waste flake less than 8 mm in length or width and an increase in the 

density of stone artefacts [Allen & Barton n.d:27]. 

The stone assemblage at Ngarradj Warde Djobkeng indicate that fewer 

points and adzes were being discarded within the more recent past and there is 

a decrease in the density of artefacts, but there is no identifiable change in the 

size of the unretouched flakes. While at Nauwalabila the decrease in the 

number of the points and scraper/ adzes is not as pronounced as at Ngarradj 

Warde Djobkeng, again there is no change in size and there is a decrease in the 

density of artefacts. At the Jimede [Jimeri] sites, [Schrire 1982] the greatest 

density of unretouched flakes occurs when the flakes are the smallest in size. 

The stone assemblages also have several factors in common. The majority 

of points were manutactured from quartzite while the rectangular 

adzes/scrapers were mostly made from chert. 

There are also differences between and within sites in the unretouched to 

retouched flake ratio through time. Schrire [1982:247] uses this ratio as a 

measure of intensity of the amount of manufacturing of stone artefacts at a site. 

Manufacturing sites, located on the plateau, had ratios of 32:1 at Jimede ll and 

20:1 at Jimede 1, while the plain sites had lower ratios under 5.3:1. Allen and 

Barton [n.d: 118] argue that this dichotomy is too simple and that changes 

within a site are a reflection of changing site function and local 

environments. The differences in this ratio between sites may be a a function of 

the distance of quarries from a site and the availability of a raw material. 

Allen and Barton [n.d.], argue that a high ratio may be dependent on the 

amount of retouch necessary to trim an implement rather than just an increase 

in the manufacture of implements. They suggested that when retouched 

implements are being made there will be an increase in the number of smaller 

flakes in the assemblage. The relationship has led AJlen and Barton [n.d:36] to 

suggest that these unretouched flakes are the waste from the manufacture of 

points and adzes and that they represent a "unified technological process" 

where the adzes were used in the preparation of wooden spear shafts on which 

the stone points were attached. Allen and Barton [n.d:42] also suggest that 

these small flakes may also be fonned from using the adzes/scrapers at the site. 

Changes in the retouched to unretouched ratio have been noted for the 

chert artefacts. At Ngarradj Warde Djobkeng there was an increase in the chert 

unretouched to retouched flake ratio between levels. The ratio in Level II was 

4:1 while below this level in Level 111 it was 20:1 [Allen and Barton n.d:42]. 

This pattern for chert was also noted by Schrire [ 1982: 155] at Jimede 1 and 
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both archaeologists suggest that this represents a more careful use of this raw 

material when there are low ratios. 

Meehan et al. [ 1985] who analysed the wetland site on the South 

Alligator Flood Plains found that chert was the preferred raw material for the 

manufacture of retouched artefacts at these sites. This raw material was 

carefully used as can be seen in the high proportion of retouch flakes and the 

small size of the unretouched flakes . As chert is not locally available at any of 

the sites it must have been transported long distances. 

These wetland sites analysed by Meehan et al . (1985] appear to be 

situated an environmental location that is most similar to Scotch Creek I, that is, 

the sites are on the flood plain next to waterholes. Only one site, Kina was 

excavated and thought to have been occupied within the last 500 years. This 

period was derived from one date of 280±140B.P.[ANU-3212] obtained 45-60 

em below the surface from an excavation 80 em deep. As this site has been 

damaged by goanna burrows there is most likely some mixing of the 

archaeological material which may effect any trends in the stone artefact 

assemblage. 

Although quartz was the dominant raw material at the site there was an 

increase in the proportion of chert in the top two analytical units [Meehan et al . 

1985: 148-150]. The only retouched artefacts, were three points and 27 

rectangular adzes/scrapers and there was a rugher percentage of the latter 

artefact type in the upper half of the profile. As these were made from chert 

this may have been a factor in a change in the proportions of different raw 

material. Unlike the rockshelter sites quartzite artefact only make up 4-14% of 

the raw material . Quartz can be found nearby and the quartzite is between 20 to 

40 km away. This indicates that the availability of a raw material is a major 

factor in the proportion of raw material present at a site. 

While there are general trends for an increase in the density of artefacts 

and a reduction in the size of unretouched flakes when points and adze/ 

scrapers are present in the archaeological record, smaller changes in the stone 

assemblage are rarely discussed at all. It is these smaller changes that are most 

likely related to changes in site function or settlement patterns as they represent 

adjustments in activities at the site rather than an adjustment to either regional 

environmental or cultural pressures. 

Settlement Patterns. 

Any analysis of prehistoric regional behaviour assumes that data that has 

been collected from the sites are typical for that particular catchment area. As 
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Conking [ 1987] states most regional analysis do not take into account small 

scale variations, topographic features or local environments. Given Clarke and 

Guppy's hypothesis [ 1988] that there may have been considerable small scale 

variations within the freshwater wetlands, with different sites undergoing 

different rates of erosion and/or sedimentation, any attempt to reduce a regional 

model to explain environmental change over a smaller area such as a site's 

catchment area may lead to the wrong interpretations. 

If a model is used which has the environment around the Top End river 

systems a mosaic of freshwater and estuarine resources at a much earlier date 

than previously accepted by most archaeologists, the archaeological record can 

be interpreted in a different way to show how the hunter-gatherers used the 

resources. 

Woodroffe et al's. [1988] research in the mid to lower South Alligator 

River found that at least parts of the floodplain were used to collect estuarine 

shells. Small numbers of artefacts, such as grindstones, hammerstones, mortar 

and pestles were found on mounds on the black soil plains from as early as 

4,000 years ago, indicating that the area was not only used for the collection of 

shells. 

When these sites are organized into age and site type it can be seen that 

there is very Jittle change in the number of sites through time. The coastal sites 

have not been included in this analysis as they are in a different environmental 

zone and some distance from the sites in Table 2.1 

Table 2.1 . Distribution, through time, of sites on the South Alligator Flood 
Plain located by Woodroffe et al . [1988]. 

Per iod . Mound Palaeochannel Scattered Total 
[years] Hidden Shell 
6-•.ooo 2 l 3 
·-3 .000 l 1 2 
3-2 .000 2 1 1 4 
1.000-present 2 1 3 

While the number of sites for the different periods are similar there are 

two factors which could be used to suggest there were more sites in the earlier 

period. Firstly the large amounts of sediment that have been deposited since the 

mid-Holocene would have covered or destroyed many of the older sites. This 

prograd ing surface has resulted in up to six metres of sediment being deposited 

over the last 6000 years along the South Alligator floodplain, [Woodroffe 

1985: 113]. Secondly as shell is degradable it would also be expected that shell 

middens and scatters would decrease in visibility for older periods. Therefore it 
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is possible that this area was just as intensely prior to 1 ,000 years ago and that 

the wetland site analysed by Meehan et al . [ 1985] represent a change in 

subsistence strategies, site function or settlement patterns after freshwater 

predominated the area. 

The site types also indicate different subsistence strategies. The shell 

scatters may represent 1dinner camps1 or onJy one occupation of the site. The 

middens and mounds represent sites that were repeatedly used and must have 

had a reliable supply of food resources nearby. Interpretations of seasonal use 

that have been suggested by Baker [1982] for sites on the coastal plains of the 

Mary River can also be applied to these sites. While these sites are in a different 

environmental zone to the sites under discussion both areas are flooded in the 

wet. Baker suggests that the sites located along lagoons on the black soil plain 

could only have been used in the dry season as access was obstructed by flood 

waters. 

AJthough the wetland sites found by Meehan et al . [ 1985], mentioned 

above, are further south than Woodroffe et al.ls research area [1988] and are 

more archaeo1ogically visible with diverse and abundant stone artefacts lying 

on the surface, it is very difficult to determine what part they played in the 

overall subsistence strategies over time. Meehan et al . [ 1985] state that these 

sites appear to be much more recent than the sites identified by Woodroffe et al . 

[ 1988] as only very small amounts of estuarine shell are present and thereore 

these sites have been occupied only after freshwater conditions prevailed in the 

area. 

The discovery of these 13 large sites indicated to the Meehan et al . 

[ 1985] that there may have been a large increase in the occupation and use of 

the AJligator River flood plains within the last 1,000 years. They based this 

interpretation on the argument that the freshwater conditions were present only 

from this time. These researchers also suggest these sites represent base camps 

occupied by large numbers of people. Meehan et al [ 1985 ~ 15] used three 

attributes of sites to interpret the settlement patterns: the area of sites, the 

density of artefacts and the inferred availability of resources. As there are no 

clear radiocarbon dates, it is possible using the hypothesis that local 

environments were variable for earlier periods and that some of these sites 

could have formed over several thousand years rather than onJy in the last one 

thousand and would therefore not represent an late increase in population. 

Hiscock, Mowat and Guse, [ 1992] who carried out random surveys in 

the same area as the sites in which Meehan et al. examined, discovered other 

sites of varying size and with varying artefact densities which indicated that the 
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senlement patterns were more complex. They raise the problem of 

distinguishing whether the large sites represent occupation of large groups of 

people at a base camp or whether the sites were formed from the occupation of 

small groups of people over a length of time. Any methods that would 

distinguish the occupational history of a site would depend on finding 

correlations between site size and the horizontal distribution of artefacts, 

[Camelli, 1 989]. This methodological approach has not been attempted in 

Northern Australia possibly because most of this kind of data has been lost 

after the wetland sites were highly disturbed by buffalo and erosion. 

There does not seem to be any evidence to indicate which one of Ham's 

model's for the co-existance of surface sites can be used to explain settlement 

patterns. Both Guse [ 1992) and Brockwell [ 1989], using ethnographic and 

ecological evidence to suggest that these wetland sites could represent seasonal 

camps which were used whenever particular local resources were available but 

as the presence and abundance of resources is very dependent on seasonal 

weather conditions, the sites could represent differences in the use of resources 

that vary yearly rather than seasonally. 

Guse [1992] whose surface surveys found numerous open woodland sites 

on the higher ground surrounding the floodplain thought that these sites were 

synchronous with the large floodplain sites, that is they were occupied within 

the last 1,000 years. Again there is no evidence to indicate that these sites c<r 

existed with the wetland sites. As these sites have not been dated and their 

surface is erosional no determinations can be made about their contemporaneity 

with each other or with the wetland sites occupied within the last 1,000 years. 

The rockshelter sites on the escarpment and its outliers have been 

included in all the settlement patterns so far suggested. Allen's idea [1989] that 

the Aboriginals abandoned the use of rockshelters and shifted to open sites on 

the floodplains and margins after 3000 years ago, seem to have originated from 

evidence from only one site, Ngarradj Warde Djobkeng. However Laville et al . 

[ 1980] point out that a sequence that is valid for a whole region can not usually 

be based on the sequence of occupation from a single site. As it is, there does 

not seem to be any data from other rockshelters in the area to suggest that this 

was a regional phenomena. The analytical units from Nawamoyn and 

Malangangerr, two sites which Allen suggests were abandoned, are too broad to 

detect change for this period. 

Historical evidence [Schrire 1982:23] indicates that the wetlands were 

heavily exploited when Europeans first arrived. As there is no firm evidence 

that this intensity of use occurred only within the last 1000 years as suggested 
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by some researchers, it is possible that the wetlands have been a resource rich 

area for a much longer period. 

Conclusion. 

Although archaeological research in the reg10n of the Arnhem Land 

escarpment has been, by Australian standards, intense compared to other areas 

in the Northern Territory, any regional analysis is still very difficult because 

there are many gaps in the archaeological and geomorphological data that is 

available. 

The present process of localized salt water intrusions that is presently 

occurring in the wetland areas of the river systems in the Top End highlight the 

fragility of these environments and that there can be different environmental 

processes occurring simultaneously in this area. This would suggest that any 

temporal division for environmental stages used by the researchers as an 

interpretational aid are only artificial analytical units that may bear only a gross 

relationship to the actual changes at individual sites. The assumptions about 

environmental change, the worth of particular archeological methods and 

ethnographic analogies have led to settlement pattern models that cannot be 

substantiated. 

Scotch Creek I is a rare site in the Top End as it is an open stratified site 

which contains plentiful stone and bone artefacts indicating it was repeatedly 

occupied during the late Holocene period. It presence confinns the hypothesis 

that at least parts of the flood plain environment were capable of supporting 

people during a period of great environmental change. It has the potential for 

identifying changes in prehistoric human behavior in an environmental area 

that has little continuous archaeological data. The site fills one of the "black 

holes" in the region, that is, a site on the flood plain that has evidence for 

repeated occupation. 

Scotch Creek I cannot be classified into either a plateau or plain site as 

has been done in the Kakadu Region as there is no high ground surrounding the 

Adelaide River Flood Plain to make this distinction. There is no archaeological 

evidence from higher dry ground surrounding the Adelaide River to indicate 

how or to what extent this higher ground was used before or during the 

changes on what is now the flood plain occurred. Therefore models that have 

people concentrating in distinct environmental zones during particular periods 

is not an explanation that can be substantiated at the moment for the Adelaide 

River area. 
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The flood plain adjacent to Scotch Creek I has also not undergone a 

change from salt water to freshwater conditions as it located on a back plain 

away from the main Adelaide River Flood Plain. This feature of Scotch Creek I 

has probably resulted in the lack of shell middens at the site which have been 

used in other analyses to explain changes in the stone assemblage or site 

function. 

Investigating the local environmental changes and the human response to 

these changes at Scotch Creek I may alleviate the problem of relying solely on a 

broad regional perspective of environmental change to interpret the human 

responses. An analysis of the stone assemblage should overcome the difficulties 

in deciding whether greater densities of the stone artefacts represent an 

increase in site use or a change the processing of the raw stone material or the 

manufacture of new artefact types. The faunal analysis will also indicate 

whether there was an increase in site usage and may detect changes in the 

fauna represented changes in the local environment. 
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CBAPITR 3 

SCOTCH CREEK L THE SITE. 

Scotch Creek I was first noted by Ken Dupe, an amateur collector. who 

has located many sites in the area. It was excavated in 1980 by Mtke Smtth as 

part of an investigation into the late Holocene prehtstory of the area. As part of 

the eroded levee bank on which the site was located indicated that btfac1al 

points were more common in the middle of depostts, the stte was excavated "to 

determine whether or not a discrete horizon contaming the flaked stone pomts 

could be identified", [Smith and Brockwell 1 994:88]. The prehmmary results 

were published by Smith and Brockwell in 1994. 

As this thesis only examines a sample of all excavated matenal. the 

following chapter describes the excavation procedures and the results reached 

by Smith and Brockwell. This chapter also contains a descnpt10n of both 

present and past environments of the surrounding area which includes 

information about the resources may have been available at the site or dtscarded 

by the prehistoric occupants. 

Present environment. 
The site is located on a southern levee bank of a 3 krn long freshwater 

billabong. Although Scotch Creek is a tributary of the Adelaide River the 

waters from Scotch Creek only run into the Adelaide River Flood Plain in the 

wet season. The site is surrounded by a small flood plain which ranges from 

half to one kilometre wide and joins the much broader Adelaide River Flood 

Plain about two to three kilometres from the site. The size of the archaeologtcal 

site has been estimated by Smith and Brockwell [ 1 994] to continue at least 30 

metres along the bank and appears to cover most of the small levee along the 

billabong. 

The rainfall of the area is strongly seasonal, most falling between October 

to May, earned by the monsoonal winds and cyclones which peak m January 

and February. Bowman [ 1988:4] notes that 90% of the 1.5 metres of rain fall 

during this period. The remainder of the year is virtually drought cond1t10ns 

MacDonald and McAlpine (1991 : 19] notes that as the rainfall pattern lS 

reliable, the availability of particular resources is predictable. AJso the presence 

of billabongs and depressions arc a reliable although not a great supply of 

freshwater in the dry season. 
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The temperature is more constant with an average maximum of 32°C. 

The other most noticeable change is the humidity, which is very high and 

oppressive in the summer months. 

The low, flat topography of the Adelaide River Flood Plain and the 

seasonal monsoon produces widespread and prolonged flooding in the area 

with the intensity of the floods depending on the rainfall for any particular wet 

season. The flooding on the eastern side of the main Adelaide River Flood 

Plain occurs from January to May and the water level is 0.254).50 m above the 

general ground level, [Kingston 1991:37]. Compared to rivers further east 

flooding is relatively short lived and shallow. 

From a report by Kingston [ 1991] on the hydrology of the Adelaide 

River basil\ Scotch Creek is flooded by streamflow, rather than direct rainfall 

and the local flood plain is inundated by both runoff and periodic overflow from 

the creek. Kingston [ 1991 : 132] also observed that some of the perennial 

waterholes in the upper reaches of the Adelaide River, a description which 

would include the Scotch Creek billabong, are sustained by ground-water 

inflow. 

There are four mainland types of land within close proximity of the levee 

bank which would have provided diverse resources for the occupants of the 

site. Their descriptions below are based on Story et al. 1969. 

1. The main flood plain, the Adelaide River Flood Plain, is sedgeland and 

herbaceous swamp vegetation. It is flooded seasonally and in the dry the 

surfaces is covered in black cracking clays. This area has been highly damaged 

by the presence of feral buffaloes which have destroyed much of the plant life 

in the area. 

2. The higher back plai~ is the small flood plain adjacent to Scotch Creek. It is 

a swamp in the wet and savannah grasslands in the dry, with various grasses 

and scattered with E. polycarpa and E. papuana with some Pandanus. The 

soil is silty alluvium. 

3. The lowlands are the higher ground surrounding Scotch Creek and are the 

remnants of the Koolpinyah Surface. They are deeply weathered, slightly 

eroded and gently undulating. This landform usually supports tall open forests 

or woodland eucalyptus, dominated by E. miniata and E. tetradonta, although 

Story et al. [ 1969: 123] note that E. tetradonta is absent or rare in the area 

surrounding Scotch Creek, 

4. The tract of land between the lowlands and the main Adelaide River Flood 

Plain are the sloping margins of the deeply weathered lowlands. It is covered by 



22 

patchy grassland, and scrub dominated by non-eucalypts of Melaleuca. 

Grevillea, Acacia, Calytrix and /or Pandanus. 

About three IGiometres south of the site is a large patch of }vfela/euca sp. 

and Smith and Brockwell [1994:87] note that there is a monsoon forest about a 

IGJometre away from the site on the eastern side of the billabong. Plants that are 

presently growing in the vicinity of the site and along the edge of the billabong 

include Acacia auriculiferrus. Nauclea orienta/is, and A1elaleuca sp. The 

vegetation has changed from its natural state by the presence of exotic grasses 

and the weed Mimosa pigra which is present along the levee bank. 

While this description may be relevant for the more recent past it may not 

be relevant for earlier periods when the river systems in Northern Australia 

were undergoing substantial changes. 

Past Environment. 

The Adelaide River Flood Plain was formed by the infilling of a drowned 

estuary during the last Pleistocene rise in sea level. Although there has not been 

the same amount of geomorphological research carried out along the Adelaide 

River as the South Alligator River it appears that it did go through the same 

series of changes. As there is a lower sediment supply in the Adelaide River 

(Woodroffe 1985] the changes possibly occurred more slowly than those along 

the South Alligator. 

The Scotch Creek flood plain is contemporaneous with the mature levee 

banks along the main Adelaide River channel [Story et al . 1969]. Freshwater 

conditions have probably always existed in the billabong as it not situated on 

the main Adelaide River Flood Plain but on a narrow band of lower land 

between the higher Koolpinyah land surface about 15 km from the Adelaide 

River. Although no geomorphologist has examined the sediments at Scotch 

Creek, there is no sign of relic mangroves in the lower section of excavated 

squares at the site. Therefore this local area may not have had mangrove or 

hypersaline stages at all in its evolution. 

The scarcity of a dry season freshwater supply in the region was observed 

last century by Leichhardt [1980:503] when he saw wells, six to eight feet deep, 

dug by the occupants on the South Alligator River. The lack of fresh water 

would have been more pronounced in the mid to late Holocene period when the 

main flood plain had estuarine conditions and the environment was unstable. 

Scotch Creek. a perennial waterhole, would have been a location with a reliable 

supply of fresh water during a period when the main flood plain was unstable 
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and consequently, a reliable location for finding animal prey and plants that also 

require freshwater. 

The resources that were discarded by the occupants of the site that are 

archaeologically visible were the faunal remains and the stone material. The 

different types and species and their present distribution are discussed below. 

Distribution of the Raw Stooe Material. 
There are three main types of raw stone material that were discarded at 

Scotch Creek~ quartz, Gerowie Tuff and silcrete. Quartzite, chert and dolerite 

were discarded to a lesser extent. The silcrete, chert and Gerowie tuff are all 

found in the South Alligator geological unit which is found less than 20 

kilometres south of the site in the ridges and foothills of resistant strike ridges 

of Early Proterozoic sediments [Pietsch & Stuan-Smith 1987: 16]. While the 

outcrops of Gerowie Tuff are relatively sparse, it is found in large pieces 

which, when broken are homogeneous inside with a distinct colour change 

from the dark gray interior to the lighter coloured weathered surface. The 

quartz is found locally outcropping in veins on the Koolpinyah land surface and 

is found in small nodules which have many fracture plains. The gray quartzite 

was identified as most likely coming from the Acacia Gap formation [Smith and 

Brockwell I 994] which outcrops approximately 50 kms from the site. The 

availability of the different raw materials and the distance from the quarries to 

the site will influence any patterns in the stone assemblage at Scotch Creek I. 
The other archaeological material found at the site was the bone fragments 

which indicate the use of varied environments by the occupants of the site. 

FaooL 
The diversity of the local habitats within a few kilometres of the 

billabong mean that there is a wide range of land animals present. The most 

common large land animal in the area are the Agile Wallaby, [Macropus agilis] 

and the Antilopine Wallaroo, [Macropus antilopinus]. Both are gregarious 

animals, living in groups of up to ten although the Agile Wallaby may aggregate 

into larger groups on feeding areas [Strahan, 1983]. Medium sized marsupials 

include the Northern Brown Bandicoot, [Isoodon macrourus], and the 

Northern Quoll, [Dasyurus hal/actus], which both live in varied habitats. There 

are also a range of small marsupials mice and rats which live on or near the 

alluvial plains such as the Dusky Rat, [Rattus collelli] and the Black Footed 

Tree-rat, [Mesembriomys gou/dii]. This diversity in both size and type signify 
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that the area around the billabong provided a rich and variable source of 

terrestrial animals that could be hunted. 

The Scotch Creek billabong is known to contain crocodiles, [Crocodylus 

porosus], freshwater turtles [Chelodina longicollis] and a variety of freshwater 

fi sh, some of which spend their entire life in freshwater [Bishop and Forbes 

1991 ], for example, catfish, barramundi, rainbow fish, perch lets, grunters and 

gudgeons, while others are flushed out in the wet season to feed and breed in 

the flood plains and migrate back in the dry season. 

Plants such as Eleocharis and Oryza which are used by magpie geese as 

food and for breeding purposes are not a dominant plant around the site as they 

need shallow water to e,Ust, [Bowman and Wilson 1986]. As the billabong is 

deep, the abundance of birds, especially the Magpie geese is not as great as on 

the more shallow flood plains of the Adelaide R.jver. It is possible that the geese 

only used the grassland next to the site during the mid wet season, when the 

grass seed provided an important food resource. 

The Excavation. 

Two one metre squares, J8 and Ll1, were excavated over two weeks, by 

dividing these squares into eight 50 em squares. These squares represent 3-6% 

of the site area [Smith and Brockwell1994:88]. Each spit contained 8-13 kg. of 

sediment and ranged from 1-3 em in depth. 

The excavation notes provided by Smith [ n.d.] indicate that the 

excavation was delayed considerably by the hardness of the deposit. The 

excavation was expected to take four days and it eventually took 13 days. As 

the deposit was extremely hard a water spray was used to moisten the soil 

making it impossible to dry sieve, so the procedure was to wet sieve each entire 

bucket through 1 mm mesh. The residue was then removed from the site and 

sieved through a pair of 6 and 3 nun sieves to sort the artefacts into separate 

sizes. The artefacts were then further separated and placed into bags of either 

bone, and quartz or chert stone artefacts. lndividualised artefacts were bagged 

separately at the site. 

Stratigraphy. 

According to [Smith and Brockwell 1994:90] the maximum depth of 

excavations in J8A was 70cm and this uncovered two units both of which are 

alluvial sediments. The upper unit was a black soil which contained the 

archaeological material . The only variations noted in the black soil was a 

sandier and slightly lighter colour in the lower regions. This unit overlies a 
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yellow sandy clay substrate which is archaeologically sterile. This second 

substrate was probably formed during an earlier wet period which was followed 

by a period of deep weathering [Story et al. 1969:88]. This interpretation is 

confirmed by sediment analysis carried out by the Land Conservation Unit, 

Conservation Commission of the Northern Territory, [Smith and Brockwell 

1994 ). The panicle size results indicate that the black soil has formed through 

a series of alluvial depositions during flooding of the site. In square J8A coarse 

sands are slightly more prevalent below 45 em while above this depth to the 

surface fine sands and clays dominate the sediment. Storey et al . (1969:82] state 

that this change is the result of both the distance from the river and because the 

site is situated on a higher back plain. The levee bank may have been formed in 

the beginning by the deposition of larger sized particles in more rapidly flowing 

water. A change to smaller sized particles occurred after the area was covered 

in sheet flooding when the main flood plain had built up and obstructed free 

flowing water along the Scotch Creek channel. Unfortunately this data can only 

be used to interpret how the levee bank was formed, it cannot help to determine 

if the rate of sedimentation has changed during the occupation of the site. 

Although gravel sized particles and pisoliths were common throughout 

the black soil they were not found in layers which are formed when the 

sediment experience periods of erosion. When the distribution of different sized 

stone is examined rr able 3.1] there is no concentration of heavier pieces in any 

area of the stratigraphic profile. This also suggest that there was no major 

period of erosion which localized vertically the larger weighing objects. 

Table 3.1 Number of different sized artefacts that were individually weighed, 

by spits of five in square J8A. 

Spits Depth em. <1 . Og 1.1-1. 9g 2.0-S .Og >5g Total No . 
1-5 11 170 6 2 1 179 
6-10 21 169 5 1 0 175 
11-15 32 311 10 4 3 328 
16-19a 45 676 18 14 5 713 
20-24 61 866 11 8 5 890 

Table 3.1 does indicate a trend for both a higher number of the heaviest 

stone pieces and a higher proportion of pieces less than 0.1 g when compared to 

pieces weighing 1.1-1 . 9g in the lower levels. As the raw material types of these 

stone materials indicates that these pieces are unlikely to have arrived at the site 

without human help, the change in size probably indicates changes in stone tool 

technologies that will be examined in Chapter 4. 
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When the site was being excavated there was a zone between spits 7 and 

13 in J8A, B, C and 0 that consisted of hard compacted sediment, and was 

particularly difficult to excavate with the excavation notes reporting trowel 

damage was fragmenting the artefacts. Archaeological sediments can become 

compacted when the site is only occupied infrequently. Sites that are more 

intensely occupied tend to have a higher rate of sedimentation as the deposit 

builds up from the refuse of food preparation, cooking and other activities. 

As the stratigraphic data does not provide sufficient information that can 

be used to detect any changes in the sedimentation of the deposit, explanations 

will be derived from particular attributes on the stone artefacts and the bone 

remains will be used to find any changes in the rate of sedimentation. 

Site Dating. 
All radiocarbon dates were estimated from bone sample located about 

between 39 and 43cm from the surface where Sntith [1995] estimated the stone 

points were concentrated. The bone sample was composed of all the on

individualised bone specimens from square J8A spit 19 and 19a, square J8B 

spit 19a, square J8C spit 18 and square J8C spit 19. The results are shown in 

Table 3.2 . Smith [1995] was informed by the radiocarbon laboratory that the 

collagen fraction was more reliable than the apatite. 

Table 3.2. Radiocarbon dates from bone sample. 

Bone Radiocarbon Lab. cal . BP cal. 
Fraction Date Code Ranges 

Apatite 2.360 t 190 BP ANU-9070 2339 2711-2075 

Collagen 3.000 t 300 BP ANU-9070 B 3157 .3151.3138 38336-2349 

3126.3109 . 3090 ' 

3078 . 3062 .3061 

These two dates were calibrated using the computer calibration 

programme rev. 3.0.30 based on the Stuive and Reimer [ 1993] decade} treering 

data set to calculate an average. Forty years were deducted from the 

radiocarbon date for the Southern Hemisphere, and average age was 2504± 161 

B.P was calculated, with no significant difference between the two, [t=302, at 

95% probability]. 

The date for the first occupation at the site can only be estimated through 

geomorphological or environmental evidence. Story et aJ . [ 1969] state that 

billabongs form from either remnants of former river systems or are the result of 
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solution and subsidence of underlying rock. As the bilJabong is part of the 

Scotch Creek system it was most likely formed by the first process. As the 

billabong can have only formed after the Adelaide River Flood Plain had been 

built up to a height that obstructed a free flow of water it may be fairly safe to 

predict that the site was first occupied before 3,000 years ago. Until 

geomorphological work is carried out along the creek there is no concrete 

evidence available that can be used to estimate when the site was first used. As 

there is no mangrove shell in the deposit Smith and Brockwell [1994:93] 

predicted that this site can only have been occupied after 4,000 years ago when 

the mangrove forests were no longer present in the area As mentioned above 

the absence of mangrove shell may have occurred because there were never any 

mangroves nearby. 

As there have been large environmental changes in the area over the last 

3.000 years the archaeological material at the site may indicate how the 

occupants of the site changed their subsistence strategies to adapt to these 

changes. 

The archaeological remains from Scotch Creek L 
The excavation produced more than 34,000 stone artefacts greater than 

3mrn and many thousands of artefacts less than 3mm. Smith and Brockwell 

[ 1994] asserted that the points were found vertically restricted to the middle of 

the deposit from which they identified three analytical units~ the deposit below 

points, the deposit containing points and the deposit above points. They found 

that artefact density was 2-3 times greater in the middle, point level. The stone 

artefacts were made from white quartz, Gerowie Tuff , silcrete, quartzite, ochre 

and dolerite. [The raw material that Smith and Brockwell [ 1994] called chert is 

described as Gerowie Tuff in this thesis.] Tuff, silcrete and quartz were the 

predominant raw material, with the tuff making up 40% of the total assemblage 

by weight. 

Smith and Brockwell found that the retouched artefacts made up a 

relatively small part of the assemblage and were classified as points, cores 

fragments, redirecting flakes and miscellaneous retouched artefacts which 

included rectangular scraper/adzes. Ground edge stone axes and fragments of 

ground cylindric~onicaJ implements were found on the surface, however 

none were found in the excavation. 

As the excavation carried out by Smith [n.d.] was to confirm that the 

points were discarded in a discrete band, only the points were analysed with 

any degree of thoroughness by Smith and Brockwell [ 1994]. The majority of 
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the points were bifacially trimmed and only 17 of the 83 points were complete. 

As there were equal proportions of point tips and butts and they identified 

partially finished points Smith and Brockwel1 [ 1 994:98] conclude that the 

points were manufactured as well as being repaired at the site. When the points 

were compared to other assemblages in Northern Australia, i.e. Yarar, Ngarradj 

Warde Djobkeng and the South Alligator wetlands, it is noted that they tend to 

be smaller and squatter than at other site. This may be related to the different 

raw materials used at different areas. Smith and Brockwell [ 1994:98] also state 

that "the most striking feature of the points" is the size variability. However 

when the coefficient of variation is calculated for different point dimensions at 

Scotch Creek I and compared to other sites, it appears that there is no more 

variability in these points than elsewhere. 

Sl1llth and Brockwell [1994] did not identify any large technological 

changes in the profile. This conclusion is to be expected as the only 

comparisons made between the their levels were the proportions of the 

different raw materials used and the mean size of all tuff artefacts. The other 

retouched stone artefacts and the unretouched flakes were not analysed at all by 

Smith and Brockwell. 

Over 150g of fragmented and charred bone was excavated from the site. 

One small ground bone point was identified which Sl1llth and Brockwell 

[1994:99] suggest was part of a multi-pronged fishing spear. Their preliminary 

analysis indicate that the resources from the waterhole and nearby woodlands 

were exploited. 

As the only obvious change in the artefacts found by Smith and Brockwell 

was the concentration of points, they conclude that there is basically very little 

change in the economic activities or in the socio-idealogical organization at 

Scotch Creek I since it was first occupied. The only thing that appears to alter is 

the rate of manufacture of the points which they suggest may be related to 

increased tensions between groups. Obviously they see the points as being used 

for conflict or ceremonial activity rather than for hunting. 

As Smith and Brockwell [1994:84] state their interpretation is derived 

from only a preliminary analysis of the archaeological material which 

concentrated on the points. Very little is discovered about site function or 

subsistence strategies used by the occupants of the site. While much is made of 

the change in the number of points in the profile the lack of analysis of the other 

archaeological material results in a seemingly unchanging use of the site for the 

length of its occupation. 
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Consequently there are gaps that need to be filled and questions to 

answer. The most obvious question to be asked is, was there any change in the 

density in the use of the site which can be interpreted from changing densities 

of the stone and bone remains and different proportions of damage to these 

remains, the result of trampling. 

Both the past and present local environment suggests that the resources 

were varied, and unlike other sites in the Kakadu region, there may not have 

been a targeting of particular resources at the site. If there are any changes in 
the stone technology and organization which can be related to changes in site 

function, these changes may be a response to changes further a field. Therefore 

any changes in the archaeological material may be related to environmental 

changes occurring on the main Adelaide River Flood Plain. 
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CHAPTER 4. 

THE STONE ASSEMBLAGE, A TECHNOLOGICAL 

ANALYSIS. 

As the organization of stone technology is only one small part of the 

total activities of a hunter gatherers' life any changes in one activity may modify 

how things are done in another. Therefore the aim of a technological analysis is 

to gather data about the manufacture, the use and the discard of the stone 

artefacts and then use these findings to explain site function and subsistence 

strategies. 

The basis of technological approach to the analysis of stone artefacts is to 

understand the relationship between the unretouched flakes, the cores and 

retouched flakes, [Baumler 1988:257] and how changes in one type of artefact 

changes the archaeological record of another type. The reasons for the changes 

are related to such things as the availability and physical properties of the raw 

material and how these restraining factors are dealt with in the organization of 

the stone tool technology. While the most obvious criteria of a stone tool 

assemblage is the type of task for which the stone tools were made for [Jelinek 

1976], other factors such as the size of the group, length and frequency of 

occcupation at a site also influence the stone assemblage, the type of artefact 

and their distribution. However it is only after the physical qualities of a raw 

material are controlled can cultural variables be inferred. 

As tools are made for a function, the first step in developing a model to 

explain why a particular stone tool assemblage exists is to find the problems 

faced by the people who discarded the artefacts. Bamforth [ 1986], suggests that 

maintenance and recycling of stone tools are seen as a response to raw material 

shortage. This hypothesis extended those by Binford [ 1977] who related these 

activities mainly to organizational variations in tool manufacturing necessary 

because of subsistence strategies and settlement patterns, and Torrence [ 1989] 

who related curation to time stress. As all of these factors form pressures that 

are related to activities other than just the manufacture of stone tools, an 

explanation using just one or two factors seems simplistic. 

This analysis concentrates on the unretouched flakes which are the major 

artefact type in the assemblage. As Turner and Bonica, [1994] observed these 

flakes can provide better data on the stone working activities as they are 
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unlikely to have been removed by fossickers and are a less biased sample than 

retouched artefacts which may have been used and discarded elsewhere. 

Met bod. 
The approach used in this analysis is to examme two different 

processes that cause the formation of the stone in the archaeological deposit. 

The first occurs when people manufacture, use and discard the stone 

implements and the second is the changes to the assemblage by events which 

occur after the stone artefacts have been discarded. Even though it is reaJised 

this approach may not be able to distinguish between the two processes, a two 

pronged method is used in the analysis, by examining the intentional and 

accidental changes to the stone artefacts. The first approach is used in this 

chapter and involves a technological analysis that examines the manufacture 

and discard patterns on the artefacts. Attributes such as the sizes of both 

retouched and unretouched artefacts were measured. Any changes in the 

dimensions of the artefacts may indicate a more carefu.J use of the raw material 

or it may be related to a change in what is being manufactured. Methods of 

manufacture and the amount of retouch were measured to help identify changes 

in manufacturing techniques which may or may not be related to the 

maintenance or recycling of artefacts. The second approach examines breakage 

and damage that can occur at any time in the 1ife cycle' of an artefact. The 

method and results appear in the next chapter. The data from these 

investigations will then be used to interpret changes in past human activities at 

the site. 

Square J8A. 

Only the artefacts from Square J8A were analysed in this research. The 

square was 62 em deep and was excavated in 25 spits. These spits were 

grouped into three analytical units, called Level 1, 2, and 3, see Table 4 .1. This 

division was based on Smith and Brockwell's observations [ 1994:91] that the 

points were concentrated in a layer approximately 1 0 em thick in the deposit. 

They estimated that the point layer was 10-15 em above the older yellow 

alluvium and between 35-45 em below the surface. Using this data, and the 

distribution of the points in Square J8A, the analytical units used in this 

analysis were made up of Level 3 which consisted of three spits in the lowest 

1 Ocm of the deposit and Level 1 consisted of sixteen spits above 35cm and 

Level 2 was made up of six spits which contained the majority of points. 
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Table 4. 1. Division of spits used in the analysis of Square J8A. [Level 2 

contained spits numbered 19 and 19a.] 

Level Spi t 

l l-16 
2 17-21 
3 22-24 

Depth be low 
sur face [em] 

0 - 36.5 
36.5- 52. 0 
52 .0 - 62 .0 

Level1 

Level2 

Level3 

Radiocarbon 

date. 

Figure 1. Analytical units in square JBA. 

Attributes Measured oo tbe Stooe Artdacb. 
A series of attributes were either measured or identified to find any 

chronological changes in the stone tool technology. 

1. Raw Material Type Raw material types had already been divided into 

separate bags of either quartz, chert and siJcrete by Smith [n .d.]. The majority of 

the Smith's "chert" was identified by the author as Gerowie Tuff which ranged 

in colour from black to a weathered stage of very light gray, [Munsell Colours 

2.5YR8/0-2.5YR2/0]. The real chert that was present occurs in a range of 

colors, brown, red and pink and white and together with the small quantity of 

quartzite material was renamed as fine grained siliceous. Silcrete was mostly 

orange in colour with a small amount of a dark gray si lcrete. 

Only the tuff and silcrete artefacts were analysed in this analysis. The 

main change observed by Smith and Brockwell, [ 1 994] in their preliminary 

analysis was the concentration of points. As the majority of points were made 

from tuff, changes related to the points would be more likely to be located in the 

tuff assemblage. Because of the time constraints the silcrete artefacts were 
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chosen to be analysed rather than the quartz which is a difficult raw material in 

an archaeological analysis. 

2. Type of Artefact The types identified were core, unretouched flake, 

retouched flake, flaked fragment and flaked piece. Definitions follow Hiscock 

(1984: 129]. 

Definition: Cores are pieces of stone which had one or more negative scars and 

the absence of positive flake scars. 

Unretouched flakes are pieces of stone that have been struck off another 

piece of stone and ideally possess platforms, positive bulbs of percussion, 

concentric ripples, ring cracks and /or erailJure scars on the ventral surface. 

Flaked fra&ments are broken flakes that had no measurable attributes but were 

identified as being produced by knapping, through such attributes as parts of 

platform, termination, concentric ripples, retouch , etc. 

Retouched flakes are flaked flakes. They are identified by the presence of 

negative scars that must have been created after the ventral surface of the flake 

bad been created. There will be either negative scars on the ventral surface or 

negative scars on the dorsal surface which have been formed by the flake being 

hit on the ventral surface. 

Flaked pieces are stone artefacts that have been formed by knapping but 

cannot be identified as either a core or a flake. 

3. Retouched Flake Measurements The length, width and thickness were 

recorded as the maximum dimension for these attributes. The width was the 

maximum distance between the lateral margins, at right angles to the length and 

the thickness was the maximum distance between the two surfaces 

perpendicular to the length. 

4. Unretouched Flak;e Measurements 

Any changes in the means for the measurements of unretouched flakes 

may reflect changes in the efficiency of the use of the raw material with smaller 

flakes often interpreted as indicating more conservation of the raw material . 

Changes in size of any of the attributes may also indicate different 

manufacturing techniques which may be related to the presence or absence of 

different types of the retouched artefacts or cores. 

Weight - measured to the nearest 0 .1 gm. Those flakes that were less than 

0.1 gm and did not record a measurement on the scales were recorded as 

0.05gm. 

Distance was measured to the nearest 0.01 mm. 

Length - distance along the percussion axis from the ring crack to the distal 

margm. 
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Width -distance between the lateral margins at right angles to the percussion 

axis midway between the ring crack and the distal margin. 

Thickness- the distance between the ventral and dorsal surface also measured 

midway along the percussion axis. 

Platform width - the distance along the platform from one lateral margin to the 

other. 

Platform thickness - the distance from the outside edge of the ring crack across 

the platform to the dorsal surfaces perpendicular to the percussion axis. 

Four measurements were derived from the above measurements to 

identify changes in flake size and shape. 

Area- flake length multiplied by flake width. 

Platform Area - platform width multiplied by platfonn thickness. 

Flake Elongation -flake length divided by flake width. The nearer the figure is 

to one, the less elongated the flake. 

Parallel lndex - platform width divided by flake width. The nearer the figure is 

to one, the more square is the flake. 

5. Nominal Attributes of Unretoucbed Flakes were recorded as "present" or 

"absent". The percentages were calculated by using the total of only those flakes 

in each level that retained the particular attribute under investigation, not the 

total number of flakes in each level. 

a Heat Dama&e--the identification of accidental heating can be observed by 

the creations of potlids, crazing and microfracturing and an increase in lustre. 

b. Platfoon surface. 

Cortical - surface was part of the core's cortex. 

Conchoidal - single flake scar on the platform surface. 

Several - several negative scars were on the platform surface. 

Faceted -the platform has a series of smalJ [relative to the platform] negative 

scars. 
Different platform surfaces have different advantages to the knapper 

[Hiscock 1986:49]. Cortical platforms are unmodified surfaces and indicate 

minimum platform preparation. Platforms with several negative scars indicate 

some attempt to alter the platforms surface. Conchoidal and several platforms 

being smoother allow more control over the platform angle. However they 

provide less friction than the cortical platform which reduces the efficiency in 

the transfer of force. Faceted platforms provide even more control over the 

platform angle as well as better friction as it strengthens the platform. The end 

result is that the desired flake is more forthcoming than if no platform 

preparation occurred. 
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c. Oyerhaoa Removal This appears as small negative scars adjacent to the 

platform on what will be the dorsal surface of the new flake. This is the result of 

the knapper striking the edge of the platform to remove platform overhang. 

This reduces the risk of platform shatter and of step terminations (Hiscock 

1986:49]. It may also represent previous shaping of the core or retouched flake. 

Either way the consequence of overhang removal is conservation of the raw 

material as the stone working either rejuvenates cores, prepares a core to 

obtain a higher rate of success for flake removal or shapes the retouched flake 

for further flake removal. 

The presence of both platform preparation and overhang removal 

increases the efficiency of knapping and as Bamforth [ 1986] suggests that this 

could be related to raw material availability. Towner and Warbuton [1990], 

after carrying out experimental work to differentiate between point manufacture 

and point rejuvenation concluded that platform preparation was present in the 

manufacture of points but not in their rejuvenation. 

d. Iennination Three termination types identified were feather, step and 

hinge. Knapping skill is often assessed using the flake termination type 

[ShepparcL 1993: 131 ]. with terminations other than feather being seen as 

knapping errors. Apparently when a flake is removed it is the force and angle of 

the blow that determines the type of termination. Therefore applying the label 

of skill to a particular termination would seem a rather subjective determination 

without knowing what the prehistoric knapper had in mind. Consequently the 

importance of termination type can only be assessed in relation to other 

attributes. 

e. Curvature - using a cross sectional view of a flake it is the perpendicular 

distance from the centre of the flake to an imaginary line drawn from the 

ventral edge of the platform to the dorsal margin of the flake. Curvature is often 

used to infer that flakes have been removed by bifacial flaking or bending 

initiation. SuUivan and Roze~ [ 1985] suggest that combination of the flake 

attributes, small size, curvature, lip and angles on the platform wi1l identify 

flakes produced from bifacial flaking. 

fLip,- a projectipn on the proximal ventral surface of a flake, [Crabtree 1972]. 

g. Dorsal cortex- the presence or absence of cortex was noted. Any changes in 

the frequency of this attribute may imply that raw material was more or less 

available during particular periods of site occupation. 

6 . AniJe.- This was the angle between the platform surface and the ventral 

surface and was recorded as either "acute" or "obtuse". 
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Results of tbe Stone Artefact Analysis. 
The total number of tuff and silcrete pieces found in square J8A was 

2,980. Undiagnostic pieces of stone made up 8% [n=239] of this assemblage 

and they had an average weight of 0.13g. This classification represents stone 

pieces which had no attributes that could identify them as being fonned from 

any knapping activity. Given that the area around the site was fonned by 

accumulation of sediments in times of flooding it is unlikely that these pieces 

were deposited by natural events and must have been brought to the site by 

humans. The undiagnostic pieces are therefore considered to be an indication of 

human activity. No further analysis was carried out on them. 

There was a small percentage of a raw material c1assified as fine grained 

siliceous and as it makes up less than 2% of the total non-quartz artefacts in 

square J8A no further analysis was carried out on them. 

When subdivided into the three levels in Table 4.2 the majority of tuff 

and silcrete artefacts are in Level 2. The number of artefacts per kilogram 

indicates that the density is three times greater than Level 3 and over four times 

greater than Level 1. When density is compared using the weights of the 

artefacts in each level the differences are more pronounced as the weight is 

affected by artefact size. 

Table 4 .2. Density of tuff and silcrete artefacts, by number and weight, per 

kilogram of sediment. 

Level No . of 
ar tefacts 

1 905 
2 1465 
3 368 

No . of Artefacts 
11<g of 

Sediment 
6.39 

26 . 93 
11 95 

Wt . of 
Ar tefacts 

[g . J 
213 .04 
408 .00 
69 .69 

Wt . of Artefacts 
I Kg of 
Sediment 

1. 50 
7.50 
2.26 

If it is assumed that the sedimentation rate is equal, the rate of artefact 

discard is greatest in Level 2. As the difference in the densities between Level 

2 and the other levels is so great, even if the sedimentation rate does vary 

between levels, Level 2 would probably still have the highest discard rate. As 

Level l and 3 are similar, changes in the sedimentation rate may influence 

which level had the more artefact discard. Changes in the sedimentation rate 

are discussed in Chapter 7. 
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Raw Material. 
The selection of a particular raw material by prehistoric people is 

dependent on two factors, its availability and the raw material's physical 

characteristics. 

Tuff is fonned from volcanic deposits of fragmentary rock and volcanic 

dust which solidifies and then undergoes the same formational process as other 

sedimentary rock. Its cryptocrystalline structure results in an exceptionally hard 

material which fractures conchoidally with no cleavage plains. Conchoidal 

fracture ensures a predictable end result when knapped [Flenniken and White 

1985: 132]. 

The silcrete develops after quartz particles have been cemented together 

by a silica rich solution that percolates through the rock or sediment [Bell and 

Wright 1994]. Although silcrete fractures conchoidally, the quartz particles may 

act as impurities in any knapping activity, making designed fractures more 

difficult to attain than for the tuff. The preference for the tuff raw material may 

be related to its greater reliability in obtaining the required edge or shape of a 

stone artefact needed for particular purposes. 

The presence of cortex on flakes is generally recognized as being 

associated with early reduction efforts in the manufacture of stone artefacts, 

[Bawnler 1988:262]. Therefore a high proportion of cortical flakes in an 

assemblage may indicate that the raw material was close by. The raw material is 

reduced at the site to either reduce the weight or make it easier to carry. Often it 

is k:napped at the quarry to test the quality of the raw material., [Flenniken and 

White, 1985]. As the distance from the rock source increases, the amount of 

cortical surface decreases. However as Sullivan and Rozen [ 1985] warn, other 

factors can also influence this pattern. The amount of cortical surface will 

depend on the raw material type and availability, core size, intensity of 

reduction, and the method of raw material procurement. 

As mentioned in Chapter 3, the exact location for the sources of either 

raw material is unknown, but both silcrete and tuff are found within a 20 km 

range of the site. The percentage of artefacts that were identified as retaining 

any cortical surface was very low in Square J8A. Both Level 1 and 3 had 2% 

and Level 2 had 4%. Only nine of these were on silcrete artefacts, one on fine 

grained siliceous and the remainder, [n=68], were on tuff artefacts. This low 

percentage indicate that stone raw material was prepared away from the site 

with only the final knapping occurring at the site. 
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Changes in the Use of the Raw Materials. 

The relationship between the raw material and the type of different 

artefacts manufactured can be seen in Table 4 .3. The unretouched flakes are 

the major artefact type in the Scotch Creek I stone assemblage and they make 

up 74% of the tuff and silcrete artefacts in Square J8A. As the ratio of 

unretouched to retouched flakes for silcrete [ 1 11: 1] is twice that for tuff [ 63 : 1] 

indicates the likelihood that the silcrete and tuff were used differently. 

Table 4.3. The number of silcrete and tuff artefacts for J8A. 

Cores 
Unretouched flakes 
Retouched flakes 
Flaked fragments 
Flaked Pieces 

Total 

Silcrete 
1 

222 
2 

124 
2 

351 

Tuff 
1 

1815 
27 

s•s 

2388 

Total 
2 

2037 
29 

669 
2 

2739 

There are several possible reasons for the two different ratios. The 

different physical characteristics of the two raw materials may have been a 

factor in the selection of a particular raw material by the prehistoric knappers to 

manufacture retouched artefacts. These characteristics would also require 

different stone working techniques to obtain the required shape or edge of a 

retouched flake and consequently there would be differences in the number and 

size of waste, [ unretouched] flakes. 

Table 4.4 shows the results of Smith and Brockwell's analysis of the 

excavated material. As Smith and Brockwell do not report which spits make up 

each group, it is difficult to make any comparisons between the two sets of data 

which may represent two different sets of spits. When quartz artefacts are 

included in the analysis the percentage by weight of what they called chert, 

[Gerowie Tuft], is the preferred raw material in all levels however it is 

proportionately less abundant in the more recent levels than in the earlier levels. 

It is the quartz raw material that is used more in the upper levels, with only a 

gradual increase in the use of silcrete in the upper levels. 

Table 4 .4 . Percentage by weight of different raw material, from Smith and 
Brockwell [ 1994:99] 
Level \Tuft \Quartz \ Silcrete 

Above Po1nt Horizon 
Po1nt Honzon 
Below Po1nt Hor1zon 

48 
52 
62 

H 
41 
32 

8 
7 
6 

Total 
Wt . [g ] 

293 
377 
203 
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The greatest change in this trend is between the point horizon and the 

horizon below the points. When only the tuff and silcrete artefacts from Square 

J8A are examined [see Table 4 .5] the trends using the weight of artefacts are 

different to those found by Smith and Brockwell, with a higher ratio of tuff 

artefacts being discarded in Level 2. This may be the result of the smaller 

sample size in this analysis or because, by using the weight of the artefacts 

biases occur which are related to size differences in the unretouched flakes. 

The trend using the number of artefacts indicate an increase in the use of tuff in 

the upper levels with the largest change from Level 3 to 2. 

Table 4.5 . Ratio of tuff to silcrete artefacts in Square J8A. 

Level . 

1. 
2. 
3. 

Tuff : silcrete 
[by weight ) 

5 : 1 
11 1 
4 : 1 

Tuff : silcrete 
[by number ) 
9. 4 : 1 
7. 3 1 
3. 2 : 1 

These different trends in the two types of ratios suggests that the two 

raw materials were processed differently, and may be related to differences in 

the way they were knapped or in what type of artefacts were being 

manufactured. It is also possible that the change in the frequency of a raw 

material was the result of a changing availability of the raw material. This may 

be caused by changes in the environment or changes in settlement and mobility 

patterns which make it more difficult to obtain the raw material when required. 

The different patterns found above confirms the need to analyse the two 

raw material types separately. This will provide some control over the effects 

of the different physical qualities of the raw material which may influence any 

attribute patterns that are identified in the stone assemblage. As the physical 

properties of raw material can also be altered by being treated with heat to 

improve the flakeability [Domanski & Webb 1992~ Schindler et al . 1982~ 

Akerman 1979], the use of a particuJar raw material may be related to this 

property. 

Hfat Damagf. 

The proportion of artefacts at Scotch Creek that showed heat damage 

was very low. Less than 2% of the artefacts had signs of being heat damaged, 

mostly small potlid scars. Only one silcrete flake and four fine siliceous flakes 

were identified as being heat damaged, the remaining 30 artefacts were tuff 

flakes or flake fragments. No heat damaged artefacts were identified in Level 3, 
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Level 2 had Jess than l% of the artefacts heat damaged and Level I had just 

over 2%. 

As there are only small differences in the percentage of heat damaged 

artefacts between the levels, there does not seem to be enough data to propose 

any change in human activity at the site that is related to heat and the stone 

artefacts. 

Cores. 
The small number of both silcrete and tuff cores leave little to be said 

except that for the large number of unretouched flakes found, the expected 

number of cores would be much higher. One silcrete core was located in Level 

1 and one tuff core in Level 3. Both of these artefacts were broken and only had 

four and five negative scars on their surfaces. 

The absence of cores may be caused by their removal from the site. This 

is a distinct possibility as the flood plain location of Scotch Creek I would 

guarantee that suitable raw material does not exist close by and therefore it 

would be necessary to carry the raw material to the site. Byrne [ 1980] suggests 

that the greater the distance of a site from the quarry, the greater is a core's 

value and consequently the criteria for the core's discard changes at different 

distances from the quarry. 

Three other cores were found which were made of the fine grained 

siliceous material. This raw material only made up 2% of the unretouched 

flakes and there were no retouched flakes of this raw material. The ratio of 

unretouched flakes to cores for the fine siliceous material is 12.6 :1, indicating 

that the processing of this raw material was very different to the tuff. This 

pattern could be explained if it could be shown that the source of the fine 

siliceous material was very close and therefore their value was low compared to 

the tuff and silcrete artefacts. Alternately the attributes of this raw material may 

not have been suitable for manufacturing of retouched flakes that could be used 

as tools. It is possible that only unretouched flakes from this raw material were 

used as tools. 

It is also possible that the points were used as a core to manufacture small 

flakes, [Kelly, l 988]. According to this theory, this strategy lessens the problem 

of the distance of the raw material from the site. This can occur either during 

long logistic forays where the less that is carried is the better, or the availability 

of the raw material is unknown~ or at residential sites where there is an actual 

scarcity of raw material. 
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The lack of cores may also indicate that only flakes of suitable size were 

brought to the site where the final shaping and retouching occurred. 

Retoucbed Tuff Flakes. 

As shown in Table 4.6 there were 29 retouched artefacts in Square J8A 

which are grouped into three categories~ points, rectangular retouched flakes 

and amorphous flakes. No retouched flakes were found below spit 21 , that is, 

Level 3. 

Table 4.6. Distribution of tuff retouched artefacts. 

Spit Point Rectangular Alnorphous Tota l 
4 1 1 
5 1 1 
9 1 1 
11 1 1 
12 1 1 
13 1 1 2 
15 1 1 
16 1 1 
18 1 1 3 
19 2 3 5 
19a 1 2 3 6 
20 1 1 
21 3 3 
tota l 7 8 12 27 

The rectangular retouched flakes were first identified in northern 

Australia by Schrire [1982] who called them rectangular adze/chisels. As this 

implies a function that has not been demonstrated the name rectangular 

retouched flake is thought to be more suitable for a technological analysis. The 

termination and platform are not visible as they have been either broken off or 

lightly retouched and they are steeply retouched along the lateral margins of the 

flake, often producing concave margins. 

The remainder of the 12 retouched flakes, classified as amorphous 

retouched flakes, were mostly flakes that had been retouched along the lateral 

margins, some had been retouched to the extent of producing concave margins. 

Eight of these artefacts were broken and appeared to be fragments of larger 

artefacts. 

There were no complete points in Square J8A and only one was 

unifacial, [in spit 16]. The patterns uncovered in Square J8A for the location of 

points accord with the findings of Smith and Brockwell [ 1994] in that the 
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points are concentrated in the middle of the stratigraphic profile, that is 

between spits 17 and 21 , grouped together as the analytical unit, Level 2. 

ln Level I there was one point butt. and four butts and two tips in Level 

2. The ratio of tips and butts have been used to interpret site function. It is 

assumed that the points were used as the projectile point on the ends of spears 

although there has not been any use wear analysis that can confmn this, 

[Kamminga, 1982]. According to Holdaway [ 1989] habitation sites would show 

a relatively high proportion of butts as a broken point would more often be 

removed from the haft and repaired or replaced at these site types. The presence 

of point tips indicates that the points were manufactured at the site as their 

presence indicates knapping errors. Jones and Johnson, [1 985 : 200] suggests 

that tips may also be brought into a site after it had broken off in the body of the 

prey. The absence of any complete points and the high proportion of butts 

suggest that points were carefully used and only discarded when the butts could 

no longer be repaired or rejuvenated. 

When the retouched artefacts are grouped into the analytical units in 

Table 4.7, Level 3 has no retouched flakes and there was twice as many 

retouched flakes in Level 2 as in Level 1. 

Table 4.7. Types ofRetouched Tuff Flakes. 

Level Po ints Rectangular flake Other Total 
No . Average No. Average No . Average Number 

Wt[g] Wt[g] Wt[g] 
1 l 3 2. 2±0 . 4 5 2. 4± 1. 0 9 

2 6 4. 6±1. 9 6 3. 5±0. 5 6 1. 5±0. 9 18 
3 

Total 7 9 11 27 

It is difficult to draw any conclusion about changes in size for any of the 

points and amorphous retouched flakes, firstly because of the small sample size 

and secondly, they consisted of incomplete points, either tips or butts and only 

three of the amorphous flakes unbroken. Seven of the rectangular retouched 

flakes were unbroken [two in Level I] therefore the change in the average 

weights for these artefacts may indicate a trend for smaller rectangular flakes 

in the Level 1. This may represent either a more economic use of this 

implement in the later period or a change in what the flake was used for. 

When the density of retouched artefacts are calculated Level 2 is six 

times greater with 0.37 retouched artefacts per kg of sediment while Level I 

has only 0.6 indicating that perhaps retouched artefacts were a more profitable 
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or advantageous tool m Level 2 than at any other period of occupation. 

However the higher number of retouched flakes in Level 2 may be caused by a 

change in site function. 

To a much lesser extent the occupants of the site also used silcrete to 

manufacture retouched flakes and bone to manufacture bone points. 

Retouched Silcrete Flake9. 
Only two retouched artefacts in Square J8A were made from silcrete, one 

of which was a point tip and the other a broken retouched flake, both were 

located in Level 2. The near absence of silcrete retouched flakes indicate that 

either this raw material was not considered to be as suitable for the manufacture 

of retouched artefacts as tuff, or that the silcrete was not as available as the tuff. 

The Bone Points. 
There were three broken bone points found in Square J8A, two in Level 1 

and one in Level 3. The distribution between levels is quite different to the 

stone points with no bone points identified in Level 2, although this pattern may 

only be a consequence of the low number of bone points. 

They were all unipoints broken at the end opposite the tip. They appear to 

have been cut and ground into shape. The point in Spit 4 was split 

longitudinally. The point tip from spit 8 was indented by impact in the centre, 

and the third point from spit 23, the tip was destroyed by many step fractures. 

Smith and Brockwell [ 1994: 1 00] located another bone point in Square 

J8C which they described as being similar to the small bone points found by 

Schrire [1982) on the Kakadu wetlands and suggests that the point may have 

been part of a mUlti-pronged fishing spear. 

Relationsbip between Retoucbed and Unretoucbed Flakes. 
The ratio of retouched to unretouched artefacts in an assemblage has 

been used as an indicator for site function . In Schrire's analysis [1982] of the 

stone artefacts at the South Alligator region, she used a high unretouched flake/ 

implement ratio to indicate the implements were manufactured at the site. 

Allen and Barton [n.d.], however argue that a high ratio may be dependent on 

the amount of retouch necessary to trim an implement. 

Table 4.8 shows that Level I has a higher ratio of tuff unretouched to 

retouched flakes than Level 2 and the absence of any retouched flakes in Level 

3 indicates a major difference in stone technology during this period. 
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Table 4.8. Ratio ofunretouched to retouched tuff flakes. 

Level No of unretouched No of retouched Unretouched : 
flakes flakes Retouched 

flakes 
1 611 9 68 : 1 
2 973 19 51 l 
) 23 1 231 : -

When this ratio is compared to other sites in the region, for example , 

from Schrire's research, (1982:242], the highest ratio was at Jimede II, Level 1 

with a ratio of 32:1, Scotch Creek I appears to have always been used to 

manufacture or retouch stone artefacts, even after adjusting the number of 

unretouched flakes at the Scotch Creek I to compensate for the different mesh 

sizes used. 

As the ratio is so high at Scotch Creek I compared to the excavated sites 

in Kakadu, the use of this ratio as a marker for the changes in the intensity of 

stone tool production is not very successful. The main problem in the 

comparison between the levels is in the interpretation of negative evidence, 

that is the apparent low numbers or absence of retouched flakes. 

This is the same problem that arose when the ratio of cores to 

unretouched flakes were analysed and the same answers are relevant here for 

the retouched: unretouched ratio. The absence of retouched flakes in the lowest 

level, occurred either because they were not manufactured or because the 

retouched flakes were discarded elsewhere. The differences between Level l 

and 2 may be related to changes in discard practices rather than any change in 

the amount of retouch or manufacturing occurring, that is, more retouched 

artefacts were discarded away from the site in Level 1 than in Level 2. 

To understand the relationship between the retouched and unretouched 

flakes it was decided to estimate how many flakes had been removed from the 

points, or rectangular retouched flakes when they were being manufactured or 

repaired. This was done by counting the number of negative scars present on 

the surface of both implement classes. The amorphous flakes were not used in 

the analysis because of the lack of standardisation in their morphology and the 

high proportion of broken flakes in this group. 

The number of scars will represent only the minimum number of flakes 

removed from each specimen because these scars have been formed by the 

removal of flakes in the latter part of the manufacturing process, and flakes 

removed earlier in the process may be undetectable. Only flakes greater than 

3mm were recorded as this was the minimum length recorded for the 

unretouched flakes. 
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There were two nearly complete points, only the tips were absent, and 

they had 20 and 23 negative scars, that is a ratio of scars to points of about 

20: 1, while the largest number of negative scars for the rectangular retouched 

flakes were l 0 and l l, a ratio of about l 0: I. As the unretouched to retouched 

ratios in the upper levels are 68 :1 and 51:1 there are 30 to 40 unretouched 

flakes unaccounted for. While some of these unretouched flakes may represent 

waste from the early stages of the manufacturing of the retouched flakes this 

ratio would suggest that either some of the retouched artefacts were discarded 

elsewhere in Levels 1 and 2 or that many of the unretouched flakes are not the 

result of the manufacture of retouched flakes. 

The absence of retouched si1crete artefacts in Level land 3 [see Table 4.9] 

raises the problem of whether this represents a sampling bias because of the low 

number of silcrete in the assemblage or whether the unretouched silcrete flakes 

were not formed from the manufacture of retouched flakes. 

Table 4.9. Unretouched to retouched flake ratios for silcrete. 

Level No of No of Unretouched : 
unretouched re touch Retouched 

flakes flakes flakes 
1 50 50 
2 112 2 56 1 
3 60 60 : -

As there is uncertainty in why there are so many unretouched flakes in 

comparison to retouched flakes for both the tuff and silcrete, the unretouched 

flakes are examined to see if there are any changes in the shape, size and 

platform attributes that may suggest a relationship between the two artefact 

types. 

Unretoucbed Tuff Flakes. 

By using t-tests, the metric measurements of the tuff unretouched flakes 

indicate that at the 0.05 probability level the flakes in Level 2 were longer, had 

thicker and wider platforms and were more square in shape than in the other 

two levels. 

These figures were confirmed when a standardized sample of the flakes 

was produced to reduce any distortion created by outliers. The sample was 

standardised by only using flakes that were longer than the largest minimum 

length and smaller than the shortest maximum length of the unretouched 

flakes found among the three levels, that is > 3mm and <22. 7mm in length. 
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Table 4.1 0, ll and 12 are the results from the statistical analysis and 

indicates that there were more differences in the size and shape of the 

unretouched flakes between Levels 2 and 3 than there was between Levels l 

and 2. 

Table 4.10 . Mean weight [g] and dimensions [mm] of Level 1 and 2 

unretouched flakes. Those that are significantly different between levels are 

underlined. 

Leve l 2 
Attri bu t e Prob~bility 

Me~n No Mean No 
Weight 

0 19 • 0 ) )85 0 21 • 0 4 )89 0 28 
Length 

z il ' l 7 lD~ 8 g~ l !! 6~~ .Q...ll 
Wid th 

7 3l t 3 . 7 35 9 7 . 66 t 3 6 567 0 . 17 
Thickness 

1 . 35 t 0 . 8 ) 8 3 1 . 40 t 0 . 8 6 44 0 . 41 
Area 

6 ) . 2 t 66 )59 70 . 0 1 70 567 0 . 14 
P latf orm Ar-e~ 

~ ~g ' 6 a l66 z lZ !! ~ ~!ll U,.Q. 
Plat fo r-m Wi dth 

~ ll . z z lU 5 liZ ' z ~ ~ ll ~ U,.Q. 
Pl a t fo r-m Th1 ckness 

ll ' ll z HZ 1 z~ ' g a 6Zll .Q...ll 
Par-allel Index 

ll u ' !I l lH g I zz ' Q ~ ~u .!I......OJl. 
Elongat ion 

1 11 t 0 . 5 359 1 1) t 0 . 6 567 0 59 

The unretouched flakes are longer, more square and have larger 
platforms in Level 2 than 1. These differences may be the result of changes in 
the availability of the raw material, with the tuff artefacts being used more 
economically in Level 1 or it may be related to changes in the number of 
retouched artefacts between levels. 

Table 4 .1 1. Mean weight [g] and dimensions [mm] of Level 2 and 3 
unretouched flakes. Those that are significantly different between levels are 
underlined. 

Leve l 2 3 
Attr'lbUte Prob~bility 

Mean No Mean No 
We1 ght 

!I Z1 !I i 6~~ ll a g l 121 ~ 
Lengt h 

8 g~ l !! '~~ 7 u l :t Ul ~ 
Wi d t h 

7 . 6? t )) 56 ? 7 23 t ) . 6 168 0 21 
Thlckne•• 

1 l2 ll a 6U l 25 ll z l!ll ~ 
Ar-ea 

70 01 t 6 9 56? 64 . 09 t ? 4 16 8 0 )6 
Plat f OI"m Ar-ea 

z H !! ~ ~2J 5 u ~ l lU LQ..O.. 
PletfOr'lll Widt h 

s liZ .r. z ~ 
P la t fo rm Th1ckne•• 

6 Q ~ ll :t U i .!I......OJl. 

1 z~ ' g u 6Zll !l6 !l ~ lU .!l....!lJl. 
Par-allel Index 

Q zz ' !I Hl a 
f longa t 1on 

6i .r. g z Ul .Q...ll 

1 1) • 0 6 ~ 67 1 08 • 0 5 16 8 0 )0 
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The differences between Levels 2 and 3 again demonstrate that the Level 

2 flakes are longer, more square and have larger platforms. The Level 2 flakes 

are also significantly heavier than the flakes in Level 3. 

Table 4.12. Mean weight [g] and dimensions [mm] of Level I and 3 

unretouched flakes. Those that are significantly different between levels are 

underlined. 

Level t 
At tri bute Probabll1 ty 

Mean No. Mean No 
We ig ht 

l . H t 0 ) )85 0 1 6 1 0 ) 19 1 0 20 
Le ng th 

7 4) I 3 7 385 7 H t 3 9 191 0 98 
Width 

7 . 31 I 3 7 3S9 7 26 t 3 6 168 0 86 
Thickness 

t 35 I 0 8 )83 l. 25 l 0 7 191 0 12 
Area 

63 2 l 66 359 5 4 1 I 7 4 168 0 90 
Platform Ar ea 

5 . 50 I 6 . 8 366 5 . 16 t 5 1 18 4 0 . 52 
Pl a tform Width 

4 . l3 t 2 . 2 368 4 . 33 I 1.9 184 0 27 
Pl e tform Thickness 

1.13 t 0 . 7 372 l. 06 I 0 . 5 18 8 0 . 18 
Parallel Index 

0 . 61 t 0 . 3 346 0 . 64 t 0 . 2 16 3 0 07 
Elonge tion 

t 11 t 0 5 35 9 l. 08 t 0 . 5 168 0 56 

There are no significant differences in the dimensions of the Level 1 and 

3 flakes, although there is a trend for squarer flakes in Level 3 than 1 . 

The analysis of the nominal attributes of the unretouched flakes, that is 

platform preparation and flake terminations, is used to identify changes that 

may be related to the changes in the size of the flakes . Tables 4. 13 , 1 4 and 1 5 

indicate that while the dimensions of the flakes in Levels l and 3 are the same, 

there were different knapping techniques used to form the unretouched flakes. 

These flake attributes indicate a more careful reduction process in Levels 

1 and 3 than in Level 2. Platform preparation increased between Levels 1 and 2 

represented by an increase in the proportion of faceted platforms and platforms 

with several scars. The proportion of cortical platforms is low and remains 

constant through time. 

Table 4 . 13 . Percentage of platform types on unretouched tuff flakes. 

LEVEL PLATFORM 
~ 

Conchoidal Faceted Several Cort 1cal No 
l. 70 9 19 2 471 
2. 81 3 13 3 783 
3. 83 2 13 2 195 
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The largest change in the proportion of different flake tenninations occurs 
between Levels 2 and 3 where there is a higher proportion of step tenninations 
in the upper level. This trend continues into Level 1 where feather tenninations 
are further reduced by a proportionate increase in hinge tenninations. 

Table 4.14. Percentage oftennination types on the tuffunretouched flakes. 

LEVEL TERMINATION 
% 

Feather Hinge Step No . 
l. 48 7 45 463 
2. 52 4 44 707 
3. 59 5 36 176 

Table 4.15 shows that there was a marked reduction in the proportion of 
flakes with overhang removal in Level 2 and similar proportions in Levels 1 
and 3. 

Table 4.15. Percentage oftuffunretouched flakes with overhang removal . 

OVERHANG ROOV AL 
% No . 

31 475 
13 800 
32 196 

It would appear that the increase m the length and thickness of 

unretouched flakes in Level 2 from Level 3 coincide with a lower proportion of 

overhang removal, an increase in step terminations and no change in the type of 

platform. The method used to increase the size of flakes in Level 2 from Level 

3 seems to have been to remove flakes further from the edge of a core which 

resulted in larger platform widths and platform areas. The more square shape of 

the flakes may be the result of the increase in step terminations. 

The decrease in flake size from Level 2 to Level 1 seems to have 

occurred through the initiation of different knapping practices again. Platform 

preparation and core preparation increase and the percentage of overhang 

removal increases to the same proportion as in Level 3. 

If, as Shepperd [ 1993: 13 l] suggests, step and hinge terminations reflect 

knapping errors, the flake platform attributes do not indicate that these errors 

were recognised and I or attended to until Level 1 when platform preparation 

was increased. However as the increase in platform preparation did not 

decrease the proportion of step and hinge terminations, these errors may have 

been caused by an increase in the difficulty in what was being knapped, i.e. the 
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manufacture of retouched flakes. Therefore the changes in flake size and the 

proportion of platfonn preparation may represent a more careful use of the raw 

material in the upper level. Baumler [ 1988] observed that minimizing waste can 

be accomplished by limiting the size of the flakes being removed and by 

limiting the amount of unuseful preparatory flakes by a more careful 

preparation of the platfonn. 

As these changes may be connected to the presence of retouched flakes, 

two approaches were used to identify any relationship between the retouched 

and unretouched flakes. Firstly the attributes of the scars on the retouched 

flakes were compared to the attributes of the unretouched flakes and secondly 

unretouched flakes were analysed for attributes that may indicate bifacial 

flaking needed to produce the points in Level 1 and 2. 

Scan on Tuff Retouched Artefacb. 
It was decided to examine the negative scars on the retouched artefacts to 

compare these scars with the unretouched flakes found in the assemblage. 

Unlike the analysis of the unretouched flakes where definite artefacts were 

measured this method could only measure the outline of a scar on the surface of 

an artefact. As only complete scars were measured biases will develop in the . 
data as the sample is only obtained from flakes that have been removed at the 

end of the knapping sequence and will therefore not be representative for the 

whole process of point, rectangular flake or amorphous retouched flake 

manufacture. It is also possible that these negative scars are the result of 

rejuvenation rather than initial manufacture. 

The length, width and platfonn width of complete negative scars on all 

three types of retouched flakes in square J8 and L 11 scars were measured and 

then compared. Definitions for the attributes measured are the same as 

described for those on the unretouched flakes. It was only in the length that 

there was any significant difference in a t-test at the 0.05 probability level. 

Points had scars with a mean of 5.68 nun [s.d. = 2.18, n = 47] and rectangular 

retouched flakes mean length was shorter at 4 .23mm, [s.d. = 1.49, n = 23]. Only 

the amorphous retouched flakes in J8A were measured and were found to be 

even shorter at 3.74mm [s.d. = 1.34, n = 9]. 

The type of tenninations for these negative scars was also analysed and it 

was found that the percentage of points with feather tenninations scars was 

63% while rectangular retouched flakes had 70%. The remainder of 

tenninations were step for rectangular flakes while points also had 2% hinge 

tenninations scars. 
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Keeping in mind the limitations of having only the measurements of the 

last scars removed from an artefac~ when there are more points in Level 2 there 

is a corresponding increase in the length of scars. In Level 1, where the size of 

the retouched flakes are smaller than Level 2, the majority of retouched flakes 

are rectangular flakes and amorphous retouched flakes. Therefore the 

differences in size between Level 1 and 2 may be related to the type of retouch 

artefacts that are being manufactured or rejuvenated. 

Unrdoucbed Tuff Flakes Produced by Bifacial Flaking. 
The changes in the attributes of the unretouched flakes between levels 

may be connected to the manufacture of retouched flakes. Flakes formed from 

the manufacture of the rectangular and the amorphous retouched flakes do not 

have any attributes that would distinguish them from flakes formed from other 

knapping practices. However Sullivan and Rozen [ 1985] suggest that there are 

a set of attributes which characterise unretouched flakes formed from the 

manufacture of bifacially retouched artefacts. As the majority of bifacially 

retouched artefacts are made from tuff in Level 2 it would be expected that 

these attributes are more frequent for this raw material in this level. 

According to Sullivan and Rozen [ 1985 :758] it is reasonable to conclude 

that flakes struck from bifaces will be small and thin flakes which are lipped, 

have pronounced curvature along the ventral surface between the platform and 

the termination, and the angle between the platform and the ventral surface will 

be obtuse. The size of all the unretouched flakes in the assemblage are "small" 

and as Rozen and Sullivan do not quantify how small "small" is, this attribute is 

too vague to be used a measurable trait in this analysis. The same problem 

applies to defining what is a thin flake. The attribute, of an obtuse angle on the 

ventral side of the platform is also not one that isolates flakes of bifacial 

retouch, as most flakes removed from a core will have an obtuse angle. Sullivan 

and Rozen [ 1985:7 58] suggest that these attributes should be used as a set 

rather than as individually. Therefore an attempt was made to identify this type 

of flake using the attributes of the presence or absence of lips, curvature and 

obtuse angles for both the tuff and silcrete unretouched flakes . The results are 

shown in Tables 4.16 and 4 . 17 for the tuff and silcrete respectively. 
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Table 4. 16. Percentage of attributes present used to identify bifacial flaking on 

tuff unretouched artefacts, by level. 

LEVEL LIP OBnJSE QJRV.A.TI.IRE 
A~LE 

% No % No % No 
1 19 90 50 23 4 24 107 
2 18 10 36 279 13 111 
) 20 39 37 71 17 34 

The results for the tuff artefact shows that the proportion of lipped 

flakes remains constant between levels, while the proportion of curved flakes 

and flakes with obtuse angles increases in the upper levels. The trends are 

different for the silcrete where the proportion of lips on silcrete flakes increase 

through to the upper level. There is very little change in the percent of flakes 

with obtuse angles, while there are fewer curved flakes in Level2. 

Table 4.17. Percentage of attributes present used to identify bifacial flaking on 
silcrete unretouched flakes, by level. 
LEVEL LIP QBnJSE QJRVATI.IRE 

AtG.E 
% No % No. % No 

1 22 37 34 36 14 50 
2 11 90 33 88 9 112 
3 9 53 38 52 15 60 

When these attributes are examined separately they do not show the 

expected pattern of higher proportions of lipped curved flakes with obtuse 

angles between the platform and the ventral surfaces. Even when the flakes are 

examined for the presence of either two or three of these attributes on a flake 

[see Table 4.18] there is no evidence that concurs with the model suggested by 

Sullivan and Rozen. While Level 2 has the highest percent of both tuff and 

silcrete flakes with two of the attributes, it has the lowest percent of flakes with 

three of the attributes. 

Table 4.18. Percent of silcrete and tuff unretouched flakes that have two or 

more attributes that may represent bifacially formed flakes. 
Level TVo attr ibutes Three Attributes Total Number 
Raw mater ial Tu ff Si lcrete Tuff Silcrete Tuff Silcrete 

\ \ \ % 
1 12.7 2.1 5.4 4.0 66 1 50 
2 12 .8 8.9 3.4 2.6 973 112 
3 6.9 1.6 5.6 6.6 231 60 

It would appear then that if there are quantifiable attributes that identify 

bifacial flaking they are not the ones used in this analysis or there was less 
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bifacial knapping in Level 2 than both the other levels. The second proposition, 

however, does seem to be the least likely. 

The attributes used to identify bifacially knapped flakes are also relevant 

to the trends found in the amount of platform preparation and terminations. 

Muti , [ 1971 ~ 70] states that thinning flakes, which he calls flakes formed from 

bifacial knapping, wil1 exhibit platform preparation either in the form of 

faceting or overhang removal. These are needed to move the platform in line 

with the flake face and to strengthen and shape the platform. For both tuff and 

silcrete unretouched flakes the proportion of overhang removal and faceted 

platforms is greatest in Level 1. 

If the majority of the flakes have acute angles between the ventral and 

platform surfaces then consequently the core from which it was removed would 

have an obtuse angle remaining. Flenniken and White [ 1985: 13 3] state that a 

core with an obtuse angle between the platform and working face would 

require platform preparation in order to avoid the following flakes removed 

from tenninating abruptly. Therefore faceted platforms and overhang removal 

may have also been used to overcome these problems rather than to prepare a 

flake for bifacial knapping. 

Unretouched Silcrete Flakes. 
If there is a relationship . between the type of artefact being 

manufactured and the size and other attributes of the unretouched flakes it 

wouJd be expected that these attributes on the silcrete unretouched flakes wouJd 

vary less than the tuff as there are very few retouched flakes in the assemblage. 

Table 4. 19 shows that the only significant difference between levels in the 

metric measurements for the silcrete flakes is that the unretouched flakes in 
Level 1 are thicker than either Level 2 and 3. The means for each level are as 

fol1ows: 
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Table 4.19. Mean weight [g] and dimensions [mm] of Level 1,2 and 3 silcrete 

unretouched flakes. Those that are significantly different between levels are 

underlined. 
tevel 
Attr ibute 

Weight 

Leng t h 

Wldth 

Th i ckness 

Area 

Pl a tf orm Area 

Pl at fo r m Width 

P l atform Thi ckness 

Para l lel I ndex 

Elonga t ion 

tevel 
Attribute 

We1ght 

Leng th 

W1dth 

Thl ckness 

-'rea 

Pl at form Ar ea 

Platf onn Width 

Pl a t fo rm Thickness 

Parall el Index 

Elongat ion 

Mean 

0 37. 0 . 8 

7 6 4 t ) 6 

7 H t 4 . 2 

8 3 1 a 

5 9 )7 t s 4 

lJ . 35 l 29 

5 32 l 3 . 5 

1.76 .l 1 6 

0 6 ] .t 0 2 

1 . 19 l 0 5 

Mean 

037 s 0 . 8 

7 . 6 4 t 3 . 6 

7 H t 4 . 2 

1 83 a 

59 39 t H 

13.35 l l9 

5 . 32 t 3. 5 

1. 76 l 1.6 

0 . 67 l 0 2 

1 1 9 t 0 s 

No 

so 

2 8 

..u 
2 8 

35 

36 

35 

32 

28 

No 

so 

28 

41 

4) 

28 

3 5 

36 

35 

32 

28 

tevel 2 
At t r ibut e 

We i ght 

Length 

Width 

Thi ck.nees 

Area 

Plat fo r m Ar ea 

Pla t to rn~ Width 

Pl atform Thickne ss 

Pare lla! Index 

El onga tion 

Mean No . 

0 1 7 t 0 . ) 

7 26 t 2 . 9 

7 . 29 t ) . 6 

1. 4 3 t 0 . 7 

53 9 I 46 

8 42 t 8 . 9 

11 t 2 1 

1 . 46 t 0 9 

0 84 t 0 6 

1 1') I 0 8 

112 

61 

78 

102 

52 

80 

80 

9 0 

59 

5 2 

2 

Mea n 

0 . 17 t 0 . 3 

7 26 t 2 . 9 

7 28 t ) 5 

0 7 

s) 9) 

8 . 42 l 8 

5 10 t 2 1 

1 . 4 6 0 . 9 

0 8 4 0 6 

1 15 t 0 . 8 

3 

Mean 

0 . 17 l 0 . 3 

7 7 5 .l 4 . 1 

7 00 t 3 2 

1 45 ' 0 8 

63 47 l 6 4 

6. 06 t 5 

4 . 57t 17 

1 . 24 t 0 . 6 

0 72 t 0 . 2 

1 0 8 t 0 

) 

Probabi l i t y 
No . 

112 0 10 

61 0 60 

78 0 8 6 

52 0 65 

80 O. H 

8 0 0 7 4 

90 0 . )1 

52 0 . 78 

Probabll i ty 
No . 

60 

40 

35 

52 

53 

53 

35 

0 . 11 

a. 9l 

0 . 61 

0 79 

a . 16 

0 . 25 

0 . 08 

0 . 31 

0 29 

Probability 
Mean No 

0 1 7 t 0 . 2 

7 . 7 5 t 4 . 1 

7 . 0 0 t 3 . 2 

1 . 45 t 0 . 7 

63 s l 6 4 

6 . 0 6 t 5 . 5 

4 57 t 1 7 

1. 24 t 0 . 6 

0 7 2 t 0 2 

I 0 8 t 0 ) 

60 

40 

35 

52 

53 

5 3 

43 

35 

0 . 91 

0 . 52 

0 6 5 

0 . 91 

0 4 5 

0 . 06 

0 . 10 

0 . 0 7 

0 16 

0 57 

Although there is only one change through time in the size or shape of 

the silcrete unretouched flakes there are small changes in knapping practices 

NORTHERN TERRilURY OHIHRS iTY LIB !? ftRY 
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[see Tables 20, 21 and 22]. While the percentage of conchoidal platforms 

remains high, there is an increase in platform preparation from the lower to the 

upper levels. Overhang removal is rare in Levels 2 and 3 but increases 

substantially in Level 3. Feather terminations increasing through time and step 

terminations becoming less frequent. 

Table 4 .20. Percentage of platform types on silcrete unretouched flakes. 

liVE!. PLATFORM 
% 

Conchoidal Face ted Several Cortical No. 
1 86 6 8 36 
2 91 3 5 87 
) 94 6 5) 

Table 4 .21 . Percentage of termination types on silcrete unretouched flakes. 

LEVEL TERMINATION 
% 

Feather Hinge Step No . 
1 63 5 32 40 
2 53 1 46 80 
3 54 45 47 

Table 4 .22. Percentage of platform types on silcrete unretouched flakes. 

LEVEL 
1 
2 
3 

~ROOV.l.L 
\ No . 

27 37 
2 90 
4 53 

These attributes cannot be used to explain the increase in flake thickness 

in Level 1. In fact the Level 1 increase in the platform preparation would 

usually be used to remove thinner, not thicker flakes. Therefore the extra 

platform preparation may have been carried out to ensure a higher proportion 

of feather terminations or a more careful use of the raw material . The patterns 

for the silcrete unretouched flakes suggest that the tuff and silcrete raw material 

was processed quite differently. 

Tbe Variation! between the TufT and Silcrete Artefacts. 

Tuff was preferred to silcrete in the manufacture of stone artefacts at 

Scotch Creek I. It was also the preferred material for the manufacture of the 

retouched artefacts. The unretouched to retouched flake ratios for the two raw 

materials in the upper two levels are relatively similar to each other especially 

in Level 2 where the unretouched to retouched flake ratio are 52:1 and 56:1 
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respectively for tuff and silcrete. Therefore both the s1lcrete and tuff 

unretouched flakes may be the product of discard of similarly manufactured 

retouched artefacts. It is only the small sample su..e of the Silcrete that causes 

the low number of retouched artefacts found in the assemblage. 

The silcrete unretouched flakes do not show the same variation m s1ze 

between levels as the tuff flakes and this may also be a consequence of a 

smaller silcrete sample size which is not large enough to detect small 

statistically significant changes in size. When the tuff and silcrete artefacts are 

compared [Table 4.22] there is relatively very little difference, in fact there are 

fewer differences between the two raw materials than there are between levels 

for the tuff flakes. The silcrete platforms are thicker m all three levels. the 

silcrete flakes are thicker in Levels l and 2, but the tuff flakes are longer and 

have greater areas in Level 2. 

Table 4 .23 . Measurements, with probability levels, of the significantly different 
dimensions for the tuff and silcrete unretouched flakes . 

Thickness 
Tuff 
Silcrete 

Platform Width 
Tuff 
Silcrete 

Level 1 
Mean No. 

1.35±0 .9 567 
1. 83±1 .0 0 

[t=2.9 . P=0 .01] 

4 .14±2 .1 4 7 2 
5.32±3 .5 36 

[t=l.9. P=0 .05] 
Platform Thickness 
Tuff 1.13±0.8 475 
Silcrete 1.76±1.6 35 

Tuff 
Silcrete 

Aw 
Tuf f 
Silcrete 

Parallel Index 
Tuff 
Silcrete 

[t=2.2. P=0 .03] 

Level 2 
Mean No . 

Level 3 
Mean No . 

1.17±0.7 216 
l. H±0 .7 58 

[t=2 .4.P=0 .02] 

1.21±0.7 799 1.03±0.5 196 
1.46±0 .9 90 1.2tt0 .6 53 

[t=2 .7. P=O .Ol] [t=2 .2.P=0 .031 

8.22±4 .5 596 
7.20±2 .9 61 

[t=2.2. P=0 .03] 

74.4±76 514 
53 .9±56 52 

[t=2 .7 .P=O .Ol] 

0 6 3±0 2 153 
0. 72±0. 2 43 

[t=2 4.P=0 .02J 

Most of these differences, for example. flake and platform thickness, are 

probably related to the different knapping practices used to compensate for the 

dissimilar physical properties of the two raw materials. When there are 
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differences in size the silcrete unretouched flakes are larger than the tuff 

except in Level 2. If the increase in the size of the tuff unretouched flakes are 

related to an increase in availability there would be the same increase in the 

silcrete flakes as the two raw materials are found in the same land unit type. 

Therefore the difference in size may be related to different knapping procedures 

for the two raw materials resulting from either the manufacture or rejuvenation 

of retouched flakes . 

The percent of platform preparation and overhang removal in each level is 

much lower for the silcrete flakes, while the proportions of these two attributes 

for both raw materials is highest in Level 1. As overhang removal is also more 

frequent for both raw materials in Level 1 this suggests that the raw materials 

were used more economically perhaps because it was less available. It is also 

possible that the increase in platform preparation and overhang removal ts 

because there was an increase in the repair of the unretouched flakes. 

Manufacture or Rejuvenation? 
Experimental work done by Towner and Warbuton [ 1990:318] found the 

debitage from point production and rejuvenation were different. Firstly the 

weight of the flakes produced from the manufacture of points was 8.5 times 

greater than for the rejuvenation process. Secondly the production flakes were 

larger than rejuvenation flakes with 91% of rejuvenation flakes retained in the 

smallest sieve, of 1.6mm mesh, while only 73% of production flakes were 

retained. 

As Level 1 has the lowest density of stone artefacts and the highest 

proportion, 53%, of flakes which are less than O.lg, while Level 2 and 3 only 

contain 4 7% of these very small flakes, this may represent more rejuvenation 

than manufacture of artefacts in Level I . 

Conclusions. 

There are changes between levels in the density of artefacts, the 

proportions of the different artefact types and the attributes on the unretouched 

flakes which point to changes in how the stone artefacts were manufactured 

and discarded. The near absence or cores in the assemblage indicate that there 

were always stresses in the availability of the raw material as the cores were 

rarely discarded and/or majority of stone knapping was done on flakes that had 

their preliminary shaping done elswhere. As there are no retouched artefacts in 

Level 3 but the unretouched flakes are similar in size to those in Level I it 

would appear that an important function of the site was the manufacture, rather 



57 

than the use of retouched flakes in Level 3. The presence of three types of 

retouched flakes in Level 2 indicate that they were manufactured and discarded 

at the site which suggests longer visits to the site where the activities were more 

varied than in Level 3. The increase in size of the unretouched flakes, and a 

decrease in the amount of platform preparation during this period indicate a 

shift in what was required from stone artefacts during this period. The best 

explanation is that the size of the flakes is related to the manufacture of the 

points which are most abundant in this level. As the majority of unretouched 

flakes in Level 1 are rectangular or amorphous retouched flakes there appears 

to be another change in site function where scraper or adze type tools were used 
and discarded. The unretouched flakes for both silcrete and tuff in Level l have 

the highest proportion with platform preparation and overhang removal 

indicating that the availability of the raw material was more of a concern than 

in Level2. 

The change in density between levels indicate more stone was processed 

in Level 2, and the least in Level 1. While the small size of the unretouched 

flakes in all levels indicates that the changes in density may not related to any 

large change in stone tool technology, there is still not enough evidence to 

indicate changes in the intensity of site use between levels. Therefore the 

damage to the stone artefacts will be examined to identify and quantify damage 

that was caused by stone manufacturing which may indicate more intensive 

periods of manufacture and from trampling which may indicate more intensive 

use of the site. 
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CHAPTER 5. 

BROKEN AND EDGE DAMAGED FLAKES. 

This chapter looks at the patterns in the stone assemblage caused by the 

breakage or edge damage to these artefacts. Although most breakage and edge 

damage is usually accidental any changes between levels can reflect changes in 

past human behaviour, [Hiscock 1985 & 1989] with any changes in frequency 

of particular types of damage reflecting changes in the intensity of either s ite 

use or the processing of the raw stone material . Theoretically it should be 

possible to isolate particular attributes of broken and edge damaged flakes and 

correlate them to particular types of events. The problems in the analysis of 

broken and edge damaged artefacts can be reduced to two major difficulties. 

One is how to differentiate between the agencies causing the edge damage, and 

the second is when the damage occurred. 

There are four kinds of damage recognised here: manufacturing damage, 

use wear damage, damage after d iscard either from prehistoric events such as 

trampling or from excavation damage. It is important to identity damage caused 

by excavation damage before any conclusions about past human behaviour are 

made. Part of the original proposal of this thesis had been to analyse use wear 

patterns, however it was soon realized that the condition of the artefacts, 

especially those manufactured from tuff were unsuitable. The majority of this 

raw material has been highly weathered making it very difficult to determine 

the presence of use wear damage on the edges of the artefacts. Fortunately the 

tuff present at Scotch Creek 1 had another attribute that could be used to 

distinguish the proportions of fresh or old edge damage. When the weathered 

tuff is broken it reveals a "skin" of the lighter coloured weathered material 

surrounding a dark unweathered interior. This phenomena means that 

accidental edge damage caused by excavation damage or bag damage after the 

artefact had been excavated can be easily distinguished from damage which 

occurred during the prehistoric period. 

Identifying tbe Causes of Damage. 

Excavation activities can damaged artefacts through trowel damage 

when they are removed from the sediment, when the artefacts are being s ieved 

or when the artefacts are stored in bags and analysed. Kamminga [ 1982:1 0] 

after experimentation with trampling, sieving and bag damage concluded that 
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the majority of scars produced in this way were less than 1 mm wide and scars 

Jmm wide occurred only occasionally. 

Identifying the other three main types of damage is more difficult. 

Very little work has been published that gives quantitative results from 

experimental data when comparing deliberate retouch, use wear and damage 

after discard such as trampling. All the experimental work on edge damage 

seems hampered by the fact that as accidentaJ fractures are random and can 

happen very easily, there appears to be large overlaps in the measurement of 

any variables used to identify accidentaJ or deliberate edge damage. As Jelinek 

[ 1976:3 1] concludes there is no single satisfactory scheme for the observation 

or description for edge damage morphology. Although Kamminga, (1982 :9] 

warns that differentiating between accidental or intentional edge damage is to 

a degree subjective and relies on the size and regularity of the scars, there has 

not been any other method proposed that isolate the different variables 

responsible for any particular type of edge damage. 

Use wear analysis resorts to looking at the relative size of edge damage 

within an assemblage or by differentiating size by its visibility, whether 

macroscopic or microscopic [Vaughan 1985]. Accidental edge damage is 

vaguely described as "larger" or "less regular" than deliberate edge damage. 

However even when edge damage scars are classified into size ranges, Keeley 

[1980] found that there were several possible types of damage that resulted in 

any particular size range. 

Moss [1983 :232] states that recurrent edge damage on "tools or on 

similarly shaped edges of debitage" signify human behaviour, of which there 

are two kinds, use wear and deliberate retouch when a flake's margin is shaped, 

rejuvenated or blunted. Tringham et al . [ 1974: 175] suggest deliberate retouch 

produces scars that are larger, more regular in shape, size and distribution along 

the edge, have sharper edges and cover more of the surface of the flake than 

scars produced by usage. However as there are so many different modes of use 

and different surfaces that a tool interacts with, the variations in the resulting 

frequency and form of edge damage scars make it difficult to form any 

defmitive distinctions. 

Prehistoric accidental damage can occur during manufacture when a 

flake is removed from a core or retouched artefact and then it strikes a hard 

surface after dropping to the ground. Moss [ 1983] found that the most frequent 

edge damage from dropping are half moon breaks along the edge. However 

Keeley [ 1980] observed that half moon breaks were also present on flakes that 

had been experimentally trampled. 
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Accidental damage can occur through trampling. While Tringham et al. 

[ 1974] conclude that this type of edge damage can be distinguished from use 

wear because the edge damage scars tended to be elongated and are irregular 

in shape and size. However Flenniken and Haggerty's [ 1979] experiments 

showed the presence of polish is the only attribute that can distinguish between 

use wear and trampling as random patterns may also appear after an artefact has 

been used for a short time or for different functions . 

Prehistoric damage also occurs after flakes are altered by heat which may 

suggest an increase in the use of hearth fires [Hiscock 1985]. However as 

discussed above, [Chapter 4], the proportion of heat damaged artefacts 

identified at Scotch Creek is very low and eliminate any opportunity for further 

any interpretations about prehistoric activities. 

Damage on stone artefacts can occur as either broken flakes, flaked 

fragments and edge damage. These three types of damage will be analysed 

separately. 

Broken Flakes and Flak£d Fragments. 

Any interpretation made from flaked fragments in this analysis is difficult 

as they have been classed as a separate group because of the lack of measurable 

attributes rather than as the result of attributes which identify how they were 

formed. However as flaked fragments are stone artefacts that are so damaged 

that they had none of the measurable or qualitative attributes used in this 

analysis, any changes in frequency of these artefacts may represent a change in 
the intensity of activities at the site. What these activities are, is unknown. 

Flaked fragments make up 24% of the total number of artefacts and have 

an average weight of 0.08g and therefore make up a considerable proportion of 

the stone assemblage. Table 5.1 shows that while there is a higher proportion of 

silcrete flaked fragments than tuff for all three levels, there is a trend for both 

the raw materials for the highest proportion of flaked fragments in the upper 

level and least in Level 3. 

Table 5. l . Proportion of flaked fragments as a percentage of total artefacts, by 

level and raw material. 

Level 

1 
2 
) 

Tuff 
~ No . 

24 818 
23 1289 
18 28) 

Silcrete 
~ No . 

41 87 
35 176 
30 86 
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These patterns are not reflected in the changes in broken flakes, [see 

Table 5.2]. Broken flakes are un.retouched flakes which retain one or more 

measurable attributes. Only a handful of the broken tuff flakes were broken 

when excavated and analysed and these were easily identified by the presence 

of the contrasting unweathered and weathered colours. Therefore the breakage 

results reflect prehistoric damage. 

For both tuff and silcrete, Level 2 has a higher proportion of broken 

flakes, while the proportion of broken flakes are similar in Level 1 and 3. 

Table 5.2. Percent of broken unretouched flakes, by level and raw material . 

Leve l 
1 
2 
3 

Tuff 
~ No . 

49 611 
58 973 
52 231 

Silcrete 
% No . 

46 so 
60 112 
0 60 

The changes in the proportion of flake fragments and those of broken 

flakes are different, therefore it would appear that there is no identifiable 

relationship between the two types of damaged artefacts. The analysis of 

broken flakes and flaked fragments does not result in any patterns that can be 

used to isolate changes in prehistoric activities at the site. This is probably 

because the flakes have been damaged by more than one event either during 

manufacture or after the flake was discarded. 

Hiscock [ 1985: 89] suggests that trampling may be identified by noting 

changes in the frequency of transverse snapping on flakes of similar size. Any 

changes in the proportion of these flakes may be inversely related to the rate of 

sedimentation. as the longer a flake remains on the surface the more chance it 

has of being broken by treadage. Table 5.3 indicates that when all unretouched 

artefacts are analysed there are only very small changes between levels in the 

proportion of transversely snapped flakes. Therefore there is no strong evidence 

to imply changes in the sedimentation rate. The slightly lower proportion of the 

transversely broken flakes in Level 2, may hint at a higher rate of sedimentation 

during this period. 

Table 5.3. Percent of transversely broken flakes, by level. 

Level 
1 
2 
3 

\ 
13 
11 
14 

No 
66 1 

1085 
291 



62 

The frequency of broken tools in different assemblages have been used 

by Bam forth [ 1986:48] to help explain variations in the amount of maintenance 

and recycling of tools at different sites. He suggests that stone from more 

distant sources will be more frequently broken because of the difficulty in 

obtaining more raw material, resulting in a high proportion of tools being 

recycled. As the majority of retouched artefacts were broken at Scotch Creek I 

this may indicate pressures in the availability of the raw material in the two 

upper levels. 

The analysis of broken flakes and flaked fragments does not indicate 

any major changes between levels in damage that may have occurred during the 

manufacture of the flakes or from trampling after the artefacts were discarded. 

The analysis of edge damage may be a more successful approach as there has 

been more experimental archaeology done which has attempted to distinguish 

between different patterns of edge damage and their causes. 

The Method for Edge Damage Analysis. 
As with the stone and bone analysis the same analytical units were used, 

Level 1, 2 and 3. The analysis was carried out on the attributes of the edge 

damage scars, that is the negative flakes on the edge of the artefacts. Only tuff 

flakes were used in this analysis and three attribute types on the artefacts were 

analysed. 

l . The age of scars which are defined as either new or old. 

New scars were identified as scars with sharp edges and/or revealed a 

darker colour in the interior. Old scars had rounded edges with no colour 

change from the exterior to the interior. 

As the weathering rate of the tuff raw material is unknown there could 

be one problem in this classification of new and old scars. What appears to be a 

new scar may have formed several hundred years ago. 

2. The type of scars, either single or multiple. 

Multiple scars were a series of scars that overlapped while single scars 

were isolated. 

3. The size. 

The length was measured from the centre of the proximal margin of the 

flake scar, to the centre of the distal margin of the flake scar, that is, it measures 

the percussion axis and represents the relative difference in the force needed to 

remove the flake. Only the largest edge damage scars on each artefact were 

recorded and the length of these scars were classified into four groups with 

ranges from; 



A < I. 0 mm B = 1 . 0 - 2. 9 mm 

C = 3.0-4.9 mm D > or = 5.0 mm 
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These length classes were decided after the scars on the unretouched 

flakes from two spits were measured and the lengths fell into these four main 
groups. 

As flakes that have been retouched by prehistoric knappers are easily 

1denttfied. they have not been included in the final results for edge damage. 

However the1r edge damage attributes were recorded separately and compared 

to the other findmgs. 

Rnulb of Edg~ Damag~ Analysis. 

The edge damage anaJysis on the artefacts in Square J8A records that 

overall there were more new [n = 228] scars than old scars [n = 163] and there 

were more multiple scars [n =207] than single scars [n = 184]. Table 5.4 

below, records the percentage of artefacts that have been edge damaged in each 

level and ind1cate edge damage is more prevaJent in the older Level 3, and 

Levels I and 2 are quite similar. Retouched artefacts, which make up only 1% 

of the total assemblage, are not mcluded. 

Table 5.4. Artefacts with old and new edge damage. 

:.evel 

2 
3 

Old New io tal 
l Ho l No l No 

59 
7 92 
5 14 

10 84 
8 98 

16 46 

17 810 
15 1272 
21 283 

Most of the edge damage in Level 3 occurred after the artefacts were 

excavated, whtle Level 1 and 2 have simtlar proportions of new edge damage. 

Thts may indicate that the excavation activities were different in Level 3. There 

ts hnJe chronological change in the proportion of old edge damage to the 

artefacts, with Levels 1 and 2 having the same proportion of old edge damage 

and Level 3 only slightly lower. 

N~w Damage. 

To see 1f there was any bias in the results caused from the possibility that 

some of the scars classified as new in the upper level may be prehistoric, the 

ratio of the new to old scars in the top five spits were compared to this ratio for 

Level I The ratio is 1.4: I in Level I and I : I for the top five spits. This means 

that there was relat ively less fresh scars identified in the top five spits of Level 

I than for the whole level. Therefore the proportion of prehistoric fresh scars in 
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the top level will not influence any chronological trends identified between the 

three levels. 

Table 5.5 shows that while new edge damage is more frequent than old 

edge damage in all levels there are changes in the type of edge damage 

occurring. When multiple or single scars are analysed there is a h igher 

proportion of single scars with the new edge damage in Levels 2 and 3 and the 

reverse in Level l. 

Table 5.5. Changes in multiple and single scars with new edge damage for each 

level, as a percentage of all edge damaged artefacts except retouched flakes. 

Leve l 

, 
" 
) 

Mu l t1p le 
\ No 

)7 53 
22 41 
35 21 

S1ngle Total 
\ No \ No . 

22 31 59 84 
30 57 52 97 
42 25 77 46 

As the proportion of new multiple scars is not insignificant it confirms 

Flenniken and Haggerty's findings [ 1979] that small, regular edge damage does 

not necessarily represent deliberate prehistoric activities and that it is unwise to 

claim that all small multiple scars are the result of use wear. 

The results in Table 5.6 show that 88% of all the fresh scars both multiple 

and single were less than 1 nun [size A], in length and there was only one scar 

greater than 3rnm in length. This suggests that all scars greater than 3mm were 

formed before the artefacts were excavated. 

Table 5.6. The size distribution of new scars for all levels, as a percentage of 

either single or multiple scars in each level. 

Level 
Type 
S1ze 
/.. 
8 
c 
D 

1 
Single Multiple 
n=)l n=53 

87 83 
10 17 

) 

2 ) 

Single Mu ltiple Single Mult iple 
n=57 n=41 n=21 n=25 

87 86 92 95 
1) 14 8 5 

There is very little difference in the distribution of size classes for both 

new multiple and single size in Levels I and 2, although Level 3 which has 

slightly more scars in the Size A range. Overall it would appear that either 

excavation or bagging accidents produced only scars that are less than 3mm 

[size A and Bl in length, the majority are under 1 mm in length. 
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Causes for New Damage. 

As noted in Chapter 3 the excavation was slowed down considerably by 

the compactness of the deposit. The field notes for individual spits also noted 

that areas of compact sediment were more severe in Level 1 where the artefacts 

received trowel damaged. Therefore the small difference in the proportion of 

new scars between Levels 1 and 2 may be the resuJt of more trowel damage in 

Level 1. Trowel damage may also be the cause the highest proportion of new 

damage in Level 3. These lower spits were excavated at the end of the field 

work which had taken nine days longer than expected. The last day of 

excavation was carried out by two workers who managed to excavate 15 spits 

which suggests that the excavation was carried out more hurriedly than for the 

upper spits causing more damage to the artefacts. 

If the new scars are the result of bag damage or from sieving then an 

assumption couJd be made that there will be proportionally more damage in 

spits that contained the most flakes, as each flake is in contact with more flakes. 

However this proposition does not stand up when tested. The average number 

of stone pieces in each bag for the three levels was 60 for Level 1, 236 in Level 

2 and 13 7 for Level 3. Therefore there shouJd be more new edge damage in 

Level 2. However this level has the least damage of the three, with only one in 

thirteen artefacts having edge damage while Levels l and 3 have one in ten and 

one in six respectively. As the stone was separated and bagged according to 

size it does not appear that the crowding of small flakes next to large and 

heavier artefacts in the bags caused any damage. 

As all the new damage is accidental which only have a couple of possible 

causes, these distinct patterns may be helpful in explaining patterns in the old 

edge damage analysis. 

Old Scan. 
While Level 1 and 2 have the similar proportions of artefacts with old 

edge damage in each level there are more flakes with old edge damage in Level 

2, [see Table 5.7]. The number of old multiple scars in Level 3 is very small 

and signifies a major change with the stone artefacts in Level 2. The proportion 

of old multiple scars increases from the lower to the upper level, while the 

proportion of single scars is much higher in Level 2 where it is equal to that of 

the multiple scars. 
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Table 5.7. Changes in the proportion of multiple and single scars on old edge 

damage for each level, as a percentage of all edge damaged artefacts except 

retouched flakes . 

level 

1 
2 
3. 

Mul t iple 
\ No . 

29 42 
24 45 
8 5 

Single Total 
\ No . % No . 

12 17 41 59 
24 45 48 90 
15 9 23 14 

When the ratio of multiple to single scars are calculated, the trend for a 

gradual increase in the proportion of multiple scars in the upper levels is more 

noticeable. The ratios multiple to single scars for Levels 1, 2, and 3 are 2.5:1, 

1:1 and 0.6:1 respectively. 

The size distribution of old edge damage, as shown in Table 5.8, is 

similar to the new in that the majority of old scars are in the smallest range for 

all levels. However there is a much higher proportion of scars that are in the 

size B and greater range. Level 1 has the lowest proportion of the small, size A 

scars in the profile and there is very little difference in the size distribution 

between the multiple and single scars. Level 2 has slightly more single size B 

scars than multiple scars of the same size. The size distribution of single scars 

in Level 3 is similar to that in Level 2, however this level is quite different to 

the upper levels in that there are no multiple scars, larger than 1 mm in this 

level. There is a trend between levels for an increase in the proportion of scars 

over I mm through to the most recent period, Level I , where 41 % are larger 

than I m.m. 

Table 5.8. The size of old scars for aJl levels, as a percentage of artefacts with 

old edge damage in each level, except retouched flakes. 

Level l 2 ) 

Type Mult i ple Single Mul t iple Single Multiple Single 
n=42 n=l 7 n= 45 n=45 n=S n=9 

S1ze 
A 60 59 73 69 100 67 
B )) )5 22 29 22 
c 7 2 11 
D 5 

Causa for Old Edge Damage. 
As it would be highly unlikely that one scar was removed from a flake to 

rejuvenate an edge or to shape a flake it is proposed that single scars, with new 

scan represent accidental damage. As the size distribution of old single scars 
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are similar between levels it could be hypothesized that the types of prehistoric 

accidental damage was similar. The size distribution of the old single scars is, 

however different to the recent edge damage. Over 30% of old scars are larger 

than l mm in all levels, while only around 10% the new scars are over 1 mm. 

The higher proportion of larger prehistoric single scars suggests that more 

artefacts were damaged by stronger forces applied to their margins in the past. 

There are two processes that would have occurred to the artefacts in the 

past that would not occur in recent handling of the artefacts, that is, damage 

caused when the flakes or artefacts were dropped during stone tool manufacture 

and repair, or if they were trampled. Both of these types of damage involve 

more force applied to the flakes resulting in larger edge damage scars than that 

expected from damage caused by bag or trowel damage. Level 1 has the highest 

proportion of larger single scars indicating that there was more of one these 

activities at the site during the period. 

The causes for the formation of old multiple scars are more difficult to 

isolate. One of the attributes used to identify use wear is the presence of small 

reguJar edge damage. As small multiple scars are in the majority in the new 

edge damage it is possible that the majority of old small scars have been formed 

through accidental damage rather than from use wear. Unfortunately the 

artefacts in Scotch Creek I assemblage are generally too weathered for a use 

wear analysis this avenue of examination is closed. 

All retouched artefacts, by definition, have edge damage and to isolate 

the characteristics of this type of edge damage, the scars on the retouched 

artefacts were analysed using the same attributes of old, new, single, multiple 

and size. 

It was found that the majority of retouch scars, that is, 80%, had edge 

damage scars that were size C [3mm or longer]. All were multiple scars and 

only one had size A [less than 1 mm] scars. Therefore it is concluded that when 

stone flakes are retouched to change the shape or edge of a flake, multiple scars 

greater than 3 mm are formed . 

Therefore it would appear then that there is very little edge damage on 

the unretouched flakes that can be attributed to retouch. Although the number 

of multiple scars greater than 3mm are small in Levels 1 and 2 the absence of 

any scar over 3mm in Level 3 may be an indication that there was little or no 

retouch occurring during the earliest period of occupation. 

The small multiple scars may be caused by bag damage. As transport of 

stone artefacts has been ethnographically recorded, [Thompson 1964], some of 

the edge damage may be prehistoric bag damage. However the majority of the 
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old edge damage recorded in this analysis was on small flakes which are 

unlikely to have been transported and therefore prehistoric bag damage will 

only be negligible. 

Conclusions. 
Edge damage caused by prehistoric behaviour is similar to modem 

damage in that the majority of scars are small [Size A ]. However there are 

several differences that should be noted. 

Prehistoric edge damage is larger than new damage, for both multiple and 

single scars. The exception occurs in Level 3 where there were no multiple 

edge damage scars greater than I mm. The similarity in the size distribution of 

all new scars both multiple and single, and between levels suggest that the 

flakes underwent similar types of damage while being excavated. 

The size distribution of old scars are more variable. The size distributions 

are only similar within the multiple and single types in each level. There is a 

trend for larger scars in the upper levels. This implies that the stone artefacts 

were damaged by different actions in the past than in the present. 

There is possibly only one process that could make this pattern and that 

is damage through trampling. If the larger scars were caused by flakes falling to 

the ground it would be expected to fmd a similar proportion of the larger old 

flake damage in each level. What occurs is a higher proportion of larger [size 

B] damage in the upper levels, with larger flakes scars occurring in Level 1 than 

2. If trampling is the cause, the flakes were less protected from damage as the 

site gets younger because there was a decrease in the sedimentation rate and/or 

there was an increase in the intensity of site usage between levels. If there was 

no change in the rate of sedimentation the increase in the proportion of larger 

scars may be the result of a more intense use of the site in the upper levels. 

These models are discussed in the fmal chapter. 
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CBAPTER 6. 

THE BONES. 

The conclusions from the stone analysis are not complete because of the 

difficulty in interpreting whether the density of the stone artefact has been 

affected by changes in the rate of sedimentation, and whether the distribution of 

the different retouched artefacts between the levels is related to changes in the 

presence of animals used as food . Because of the highly fragmented nature of 

the bone, the analysis concentrates on the changes in the proportions of 

fragmented and burnt bone to interpret changes that are indirectly related to 

changes in the intensity of occupation at the site. 

Scotch Creek I is unusual in that there are very few open sites that have 

been excavated in the Top End which contain any organic material. The two 

1m x 1m squares excavated by Smith [n.d.) had approximately 400g of skeletal 

remains which were highly fragmented and had undergone various stages of 

being burnt. Bone fragments are found throughout the stratigraphic profile and 

appear to represent the remains of animals, birds, reptiles and fish (Smith and 

Brockwell 1994 ], indicating exploitation by people of both the billabong and 

the nearby open forest and woodland. No shell remains were found at this site. 

Faunal remains have been used in past archaeological research to explain 

past diets, environmental change and how the environment was used [Frankel 

1991]. In the Kakadu Region the most abundant faunal remains have been 

shellfish which have been used as time markers for environmental changes on 

the flood plain regions. Schrire [ 1982] noted a lack of organic material in her 

plateau sites and any faunal remains older than 6-7,000 years in the plain sites. 

At the plain sites the total number of individuals are too small for any statistical 

analysis to be used to help in the development of any meaningful hypotheses, 

however Schrire does suggest that the remains do not indicate any significant 

change in species since the mid-Holocene. 

Nonetheless, the low number of individual species at Schrire's sites 

[ 1982:236] led her to hypothesize that the lack of such food such as fish, goose 

eggs and flying foxes which she considers as food collected in bulk, seem to 

indicate that these sites were only used sporadically by individuals rather than 

by large groups of people. This hypothesis, based on the ethnographic 

behaviour of present day inhabitants, assumes that this type of group 

harvesting, cooking and consumption was also present in the past. Also lacking 
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is any consideration of the different preservational properties for fish, mammals 

and birds. 

The animals represented at Schrire's sites are similar to those mentioned 

by Smith and Brockwell [1994] at Scotch Creek I, with the exception of geese 

and shellfish which have not been identified at Scotch Creek I. 

White [ 1968] also excavated a mound on the western side of the 

Adelaide River Flood Plain and found that this mound contained a large 

amount of faunal remains including shell. Even though there was no in-depth 

analysis of the remains they appear to represent a diverse range of animals 

similar to the faunal remains at Scotch Creek I except the mound had shellfish 

rematns. 

Patterns of the discarded bone material in an archaeological site have 

been used to detennine such behaviour as the choice of prey, butchering 

techniques, cooking methods, and the amount trampling. All of these factors 

produce particular characteristics and patterns in a bone assemblage. However 

over the last 20 years especially it has been realized that patterns observed 

within a bone assemblage have been affected by processes other than just past 

human behaviour. These taphonomic occurrences will be considered and 

eliminated before any interpretations of human activities are made. This will be 

done by examining the physical and chemical properties of bone, how the bone 

accumulated and the possible taphonomic processes that may have altered their 

appearance and abundance. 

Physical Properties of Bone. 
Bone comprises of an organic part, largely made up of collagen and 

inorganic hydroxyapatite which makes up about 70% of fresh bone. This figure 

does vary slightly with species and the type of bone [McPhail 1982]. While 

living bone is very strong, this strength is reduced after burning and over time 

by either weathering or diagenesis. The environment in which bones are 

discarded is also an important factor in their destruction. Properties of the 

sediment such as the amount of moisture present, pH values, temperature and 

the presence of organisms that attack bone will all reduce bones in strength. 

Humid conditions accelerate the decay of the organic portion of bone 

while a dry environment dehydrates the bone leaving cracked and split 

specimens [Behrensmeyer 1975]. Gifford [ 1982:499] reports that after repeated 

wetting and drying of bones they develop split lines which in moist conditions 

soon develop into cracks. When faunal remains are buried compaction of the 

sediment will crush and distort the bone especially when wet and in clay rich 
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sediments which undergo considerable expansion and contraction when 

changing from waterlogged to dry conditions. Smith and Brockwell [ 1994] 

suggest that the highly fragmented state of the bone at Scotch Creek I may have 

been caused by the flooding and drying of the sediments during the change in 

seasons. While this process probably caused for some of the fragmentation of 

the bone at the Scotch Creek I, other processes either from human, natural or 

animal intervention may also have contributed to fragmentation and density. 

Booe Accumulations. 
Bone accumulations can occur through three main events, geological, the 

result of animal predation or by humans. Bones found in flood plain deposits 

are more likely to be preserved as the flood sediments can cover the bone and 

protect them from surface weathering and levee banks, such as the Scotch 

Creek site, will act as a trap for bone during floods with a high potential for 

burial in the sediments from the flood waters. Flowing water also has the 

potential to transport bone with winnowing effect occurring when bone of 

certain size and shape being sort into groups as they reach their potential for 

transport by flooding waters. It is unlikely that any sorting has occurred at 

Scotch Creek I as this would entail a corresponding increase in the flow of 

water as the levee increased in height. 

There are onJy three predators in the Top End that are capable of killing 

the animal species found at Scotch Creek. Crocodiles consume all parts of an 

animal either immediately or after the prey has been stored. There are no 

skeletal remains after a meal as acid in the crocodile's stomach dissolves all 

bone tissues which is excreted as a white fluid similar to bird droppings. A 

dingo's diet usually comprises of 60% mammal and the rest consists of reptiles 

and birds. As I have found no evidence of dingoes capturing fish, only the 

scavenging of fish remains after human consumption, [Thomson 1985: 166], it 

appears that the bone accumulation as found at Scotch Creek I is the result of 

human activities. 

The close relationship between humans and the dingo has been noted 

since first contact with Aborigines [Hamilton 1972; Hayden 1975] and it would 

seem likely that the dingo will have some impact on any patterns found in bone 

assemblages, especially those that are related to the size of bone fragments . 

Solomon and David [ 1990] lists several dingo behavioural traits that will affect 

any archaeological deposit. Dingoes scavenge food, bring to a camp their own 

refuse and their eating habits will remove certain anatomical parts from a site. 

Archaeological sites that have been scavenged will have few remaining bones 
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and those that are left should show some type of tooth marks. They also 

observed [1990:238] that dingoes are not noted for gnawing and playing with 

bone which would leave fragmented bone at a site. Unfortunately Solomon and 

David did not carry out any measurements on bone in their experiments to 

enable them to discuss the amount of fragmentation that results from dingoes' 

eating habits. Therefore it is possible that some of the fragmentation of the bone 

at Scotch Creek I was the product of scavenging dingoes. 

As burnt bone is more susceptible to fragmentation than unburnt bone and 

there is usually a high frequency of burnt bone from campfires at archaeologjcaJ 

sites, it is possible that fragmentation occurred through heating at Scotch Creek 

I. 

Burnt Bone. 

When bone is burnt it undergoes a series of changes that depend on the 

intensity ofheat, the duration of the heat and the moisture content. Experiments 

carried out by Shipman et al. [ 1984] showed that different types of bone and 

teeth all undergo the same changes in colour and microscopic morphology 

when heated and they concluded that the colour changes is related to the 

decomposition of the collagen content of the bone. The heating of bone also 

decreases its mechanical strength which Stiner and Kuhn [1995:235] observed 

resulted in the size range of burnt bone generally being smaller than for unburnt 

bone. 

Bone probably goes through progressive stages of dehydration, 

oxidation, reduction, inversion and fusion [Shipman et al . 1984]. These 

changes can only be observed macroscopically as two major changes of 

burning. carbonization and calcination. Carbonisation occurs after reduction 

and appears as black charring and calcination when the bones are gray, white, 

blue or bluish green and occurs after the hydroxyapatite fraction on the bone 

has melted and possibly recrystallized. 

The changes in bone colouring has been note by several authors 

[Shipman et al. 1984~ David 1990~ Stiner and Kuhn 1995] who have used 

different colours to imply different types of fires or different human activities. 

These stages were developed by incorporating microscopic or chemical changes 

with the colour stages. The general trend of these categories progresses from 

unburnt [cream] to carbonized [black] and then to calcined [white]. These 

colour changes were standardised by using the Munsell Colour Chart. The 

interpretations about the relationship between colour and bone temperature, 

however, varied between the different authors when more elaborate 
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classifications were constructed. This is probably the result of different methods 

used to prepare and classify the bone. There are several other problems in a 

classificatory system that is based on subjective decisions and then used to 

represent particular temperature ranges. Firstly different observers will not 

necessari ly perceive the same hue, value or chroma for the same sample. 

Secondly most bone is not heated evenly resulting in some fragments displaying 

the complete colour range. Thirdly colour on bone can develop from staining by 

mineral elements in the deposit, for example reddish stains wilJ develop in soils 

that are iron rich as is found in the Top End. 

Another important fact mentioned by Nicholson [ 1993] is that while 

mammal and non-mammal bone undergo similar colour changes with heating, 

the temperature at which each stage occurs may vary. Both Shipman et al. 

[ 1984) and Stiner and Kuhn (1995] conclude that any colour classification is 

not very sensitive and that the colours only represent the maximum temperature 

of a bone and the minimum temperature of the fire. Therefore in this analysis 

only the three major classifications will be used, unburnt, carbonized and 

calcined. 

This method is not helpful in detecting bones that have been used in 

cooking as the temperature reached by the bone may not be sufficient to detect 

colour change. From ethnographic evidence of Aboriginal cooking methods 

[Walters 1988] meat is usually cooked by placing the meat directly in a fire 

protected by paper bark or soil. As the desired end result is cooked meat, not 

cooked bone, the colour of any bone would result in very little colour change or 

at the very most a light brown shade, except perhaps at the ends of a bone 

which may be in direct contact with heat. 

When David [1990] carried out his experiments he used both fresh and 

dried bone and be observed that it was only the fresh bone which became blue 

rather than white when calcined. Blue colours are part of Shipman et al's [1984] 

colour classification which consisted of what appears to have been fresh bone 

in the analysis. Stiner and Kuhl's experiments [ 1 995] used bone from both 

modern and archaeological sources. The modern bone was not "fresh" but had 

been collected from skeletonized animals in the open that had died 3-6 months 

previously. The colour code on which they based their results do not have any 

blue shades, even though they mention that the ''fresh" bone appeared to be still 

greasy. 
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Arcbaeologicallnterpretation5 from Colour. 

In open sites such as Scotch Creek ( there is a much higher possibility 

that any burnt bone may be the result of bush fires rather than from any 

domestic activity by humans. David [ 1990] carried out experiments in AustraJia 

to test for the differences in burnt bone through bushfires and campfires. The 

results indicate that generally the intensity and duration of bush fires will only 

bum bone to the carbonization stage and very rarely will the bones calcine. 

From this he proposes that when large proportions of calcined bone are present 

it is indicative of campfires, that is prolonged fires of high temperature. Thts ts 

confirmed by the results of overseas experiments by Stiner and Kuhn [ 1995: 

235] who found that bones are readily calcined in open campfires. They also 

found from their experiments that bone buried a few centimetres below a 

campfire are never calcined and only reach the carbonised stage. 

Trampling. 

Trampling can either break bone or bury bone into the ground. Both 

ethnography and experimental archaeology have been used to investigate this 

action. Gifford [ 1982] suggest that in loose or moist sediments smaller, dense 

bone are pushed into the substrate leading to better preservation than larger 

bone which will be fragmented especially on harder substrate. As burnt bone is 

less strong than unbumt bone it will be more affected by trampling. 

Stiner and Kuhn [ 1995] also suggest that trampling is probably the 

major factor in bone breakages when a site is used repeatedly or for long 

periods. This is the basis of their hypothesis which states that it may be possible 

to use patterns of bone fragmentation and burning intensity to uncover the 

intensity of site use. Although they do not suggest a method, it would involve 

examining the proportions of blackened to calcined bone [blackened bone 

represents bone that has been burnt under the surface and the calcined bone 

represents bone burnt on the surface] and the amount of fragmentation that has 

occurred. As Scotch Creek I is an open site there is a very high probability that 

the area has been regularly burnt by bushfires which aJso result in a high 

proportion of blackened bone. At this time there is no way of differentiating 

these two causes of carbonised bone. 

However, by comparing densities, the amount of fragmentation, the 

proportion of the different burning stages of the bone fragments and the 

proportion of different taxons present in each level, it may be possible to detect 

changes in site function and I or intensity of site use. 
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Mttbod. 
All of the available bone in square J8A was used in the analysis. Smith 

and Brockwell [ 1994] used bone samples from spits 1 9 and 1 9a [Level 2] to 

obtain radiocarbon dates for the site. As this destroys the bone the final results 

do not include bone from these two spits. Most of the bone from each spit had 

been combined into one bag for each spit. In the early part of the excavation 

some fragments were given individual identification numbers and were bagged 

separately. This practice was abandoned at the excavation as it was deemed 

unproductive and time consuming [Smi~ pers. comm.]. 

In this analysis the bone was first grouped into four colour categories and 

the fragments were counted and then weighed as a group. The four categories 

were: 

l . Pale yellow to light brown, Munsell Colour, 1 OYR 8/4-5/4 

2 . Dark brown , Munsell Colour IOYR 3/ 1-2/1 , to black value 2.5, chroma, 0. 

3. Blue, Munsell Colour, gley 7/1-4/1 

4.White, Munsell Colour 5YR 8/1. 

Group 1 represents unburnt bone, Group 2 represents carbonised bone, 

Group 3 calcined fresh bone and Group 4 calcined bone. The group "unburnt" 

may include bone that has been heated but is it is not possible to distinguish 

from bone that has been stained light brown from the high iron content in the 

surrounding soils. The unbumt bone category will also incJude bone that has 

been cooked, which, as mentioned above, is undetectable in any colour 

analysis. 

The majority of bone fragments had at least two colours present and it 

was decided that as the analysis was interested in the intensity of heat that was 

needed to change the colour, the bone was grouped by the colour present on a 

bone that represented the highest temperature. 

As the bone appeared to be either highly processed and therefore only 

represent parts of animals which may have been discarded in a secondary or 

tertiary context, or damaged by taphonomic events, bone identification was 

quantified by N.I .S.P. counts. Amorosi et al. [ 1996] noted that the method for 

quantification depends on the research questions and the nature of the bone 

material . They compared N.I.S.P. with M.N.I. and R.F. [RF. is relative 

frequency of skeletal parts. lt is the means of elements summed up after they 

have been divided by the number of times they appear in the animals skeleton]. 

The results showed that when N.l .S.P. counts of different species were 

compared as percentages of the total faunal assemblage, the results were similar 

to the other count methods, with M.N.I. counts tending to inflate assemblages 
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when there has been differential transport of skeletal elements. They concluded 

[Amorosi et al . 1996: 138] that direct counts of whichever method is used 

represent only an indicator of past fauna and it is more important to understand 

the patterns generated by the transformed bone fragments of dead animals than 

to get actual counts. 

Results. 
Booc idcotificatioo. 

Mammals. 
The only macropod bones identified were the molar and incisor teeth. 

Frequently they were broken and therefore the count includes both fragmented 

and complete teeth counts. Several Macropus agilis were seen near the 

billabong. Three bone specimens were identified as small mammals from a 

phalange, claw, and jaw bone in spits 13, 16 and 18 respectively. The claw was 

identified as a small possum and further classification was not possible on the 

other two. 

Fish. 
It was impossible to identify fish species from the vertebrae as all lacked 

the identifying protrusions. The fork-tailed catfish, from the Ariidae family, 

however has distinctive spines, mouth plates and craniums which resulted in 

this species being readily identifiable. This freshwater species is common in the 

rivers and billabongs in the area. 

Bird. 

Bone was recognized as bird from hollow long bone fragments and again 

no species were identified. 

Reptile. 
Fragments of post cranial shell of freshwater turtle possibly [Chelodina 

longicollis] were found throughout and there were two vertebrae of a very 

small unidentifiable reptile in spit 13. 

As the bone fragments are so fragmented the calculation of minimum 

numbe~ of species would be unproductive. Table 6.1 indicates that there was 

no change in the major taxa present throughout the occupancy of the site and 

indicated that the people were relying on the resources of the billabong, the fish 

and turtles, the more open country, the macro pods, and to a lesser extent, the 

scrub and woodlands, the smaller mammals, (Frankel 1991]. It should be 

remembered that the low number of identified bone in spits 19 and 19a are the 

result of the majority of bone being destroyed for radiocarbon dating. 
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Table 6.1 List of identified bone fragments and their NISP, by spit. 

Spit 
Mar;:rQ~Qd fish fQr~-tai led r;:at1isb Bill Il1rlli Small 
teeth vertebrae Spine Skull Mouth- !iarsug 

plate 
1 3 
2 8 
3 4 5 
4 1 6 
5 4 5 2 1 8 
6 3 1 2 5 
7 2 3 4 5 6 
8 7 5 2 6 5 9 
9 1 4 2 2 4 

10 7 3 2 4 
11 8 5 3 3 7 8 
12 7 10 1 5 6 
13 8 4 4 1 1 5 1 
14 2 1 3 1 1 3 6 
15 5 2 1 1 3 5 
16 6 7 4 3 4 5 
17 4 2 8 
18 10 8 3 2 2 8 1 
19 2 1 2 
19a 2 
20 10 1 1 1 4 
21 7 3 2 3 
22 6 2 2 2 
23 2 2 1 
24 3 3 1 
Totals 

108 69 25 33 7 46 120 3 

Distribution ofTuon. 
Table 6.2 shows a general trend from the lower level to the upper levels 

of an increase in the proportion of resources from the billabong and a decrease 

in land animals. As marsupial teeth are more likely to survive than any skeletal 

part of fish, bird or reptile, it is impossible to determine whether this trend is 

related to the preservational properties of the different skeletal fragments and 

lor a change in the abundance of the different taxons. It is also possible that the 

fish bone is under represented in the lower levels as Gifford [1982:517] 

observed that fish bone breaks down faster than mammal bones. 
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Table 6.2 Distribution of major taxon, as a percentage of all bone fragments 

[N.I.S.P.] per level. Spits 19 and 19a are not included. 

Level Macropod Fish Bird Turtle Total 
NISP % NISP % NISP % NISP % NISP 

1 64 2.0 102 3.3 36 1.1 93 3.0 3136 
2 27 3. 4 26 3.3 5 0.6 23 2.6 778 
3 13 ~ . 1 7 2.2 5 1. 6 4 1. 2 316 

There is a decrease in the proportion of identified bird bones in Level 2 

when compared to the other levels. This may represent either a change in the 

abundance of birds in the area and/or a change in hunting strategies during this 

period. The proportion of fish in each level is always larger than the other 

taxons that were not identified by dental parts. This suggests that the fish from 

the billabong were always an important part of the diet. 

Seasonality. 

As all these resources are available throughout the year the data does not 

provide any clues about seasonal use of the site. The only statement that can be 

made about seasonal use at Scotch Creek I is that as the area surrounding the 

site would flood regularly during the wet season, the site would not have been 

used during this time. Altman (1984], Meehan [1982] and Pickering [1994] all 

provide ethnographic evidence that camp location, type of residential grouping, 

degree of mobility and type of productive activities are conditioned by seasonal 

variations in the availability and abundance of resources. 

As any interpretation about changes in the use of different animals 

between levels is limited by the highly fragmented state, this attribute of the 

bone assemblage is used to suggest indirect relationships between the density 

and the damage ofthe bone and prehistoric behaviour. 

Quantifkation of tbe Bone Fragments. 
Table 6 .3 shows that each spit contained highly fragmented bone with 

all stages of unbumt, carbonized and calcined bone. The average weight of all 

the bone fragments in the assemblage was 0.04g. 
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Table 6 .3 . NISP and weight of different burning stages of bone, by spit. 

Sp1t 
UnBurn t Bone Black Bone Blue Bone Whi te Bone Totals 

NISP Wt NISP Wt NISP Wt NISP Wt NISP Wt 
1 10 0.6 8 0 . ~ 4 0.3 7 0.3 29 1.6 
2 2 0.1 8 0.6 6 0.4 33 1.5 49 2. 6 
3 26 1.0 28 0.9 42 1.3 42 1.6 138 5.1 
4 38 1.9 28 1.1 48 1.9 32 1.2 146 6.1 
5 55 1.9 52 2.1 40 1.3 69 3.4 216 8.7 
6 57 2. 7 20 0. 7 46 2' 4 52 2.4 175 8.2 
7 17 1.2 7 0.4 28 1.6 49 2.3 101 5.5 
8 58 1.7 42 1.4 59 2.0 92 3.9 251 9.0 
9 52 1.8 24 0.8 51 1.8 76 3.0 203 7.4 

10 56 1.7 73 2.0 72 2. 2 102 4.0 303 9.9 
11 63 1.9 66 1 8 69 2.5 125 5. 3 323 11 .5 
12 49 1.5 )4 1.2 67 2. 3 88 3.6 238 8.6 
l3 97 2.9 63 1.7 105 4. 1 111 3.5 376 12 .2 
14 49 1.0 37 1.1 69 2.8 92 3.2 247 8.1 
15 30 1.3 19 0. 7 31 1.0 75 3.2 155 6.2 
16 57 1. 2 18 0.6 44 1.6 67 3.1 186 6.5 
17 21 1. 9 13 0.7 19 0.7 49 4.5 102 7.8 
18 113 5.1 72 2.8 81 3.8 57 6.4 423 18 .1 

19 262 22 .2 
19a 78 6.8 
20 16 0.9 16 0.8 20 0.8 24 1.6 76 4.1 
21 73 1. 8 42 1.0 34 1.0 28 0.8 177 4.6 
22 24 1.3 9 0.5 8 0.4 8 0. 3 49 2. 5 
23 87 2.5 62 1.9 24 0.8 24 0.9 197 6.1 
24. 33 1.2 12 0.5 15 0.7 10 0.3 70 2.7 
Totals 

1083 39 .1 753 25.7 982 38.0 141 2 60 .3 4570 192.1 

The greatest difference in the total weight of bone in each spit occurs in 

spits 18 and 19, where the bone is approximately three to six times heavier than 

other spits. As the taxon present in spit 18 [see table 6 .2], indicates the presence 

of the whole range of animals, the bone is not the result of a single discard 

event which would result in a high proportion of the identifiable bone 

representing only one taxa. 

Using the figures in Table 6.3, the relationship between size, the different 

burning stages and density are examined separately. 

D~nsity of Bone. 
As Smith and Brockwell provided the number and weight of the bone in 

spits 19 and 19a, it was possible to calculate the density of bone and the 

average weights. 
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Table 6.4. N.I.S.P, weight and density of bone, by level. 

Level NISP Wt of Bone NISPil<g Wt of bonell<g 

of sediment of sediment 

3136 117 .2 22 . 13 0.83 

2 1118 63.6 20.55 1.17 

3 316 11. 3 10 .26 0.36 

Table 6.4 shows that the density of bone appears to vary throughout the 

three levels. Density is highest in the middle level and nearly three times greater 

than the lowest density in Level 3. 

Changes in the density of bones may be the result of several processes 

that are not related to changes in the intensity of use of a site. A change in 

density may be related to the different proportion of species or parts of the 

skeleton in each level as there is a great variation in the strength of particuJar 

skeletal parts. This may have occurred at this site as is hinted by the decrease in 

the proportion of the well preserved macropod teeth in the upper levels. 

As bone is an organic material it is slowly destroyed through time by 

chemical attack from the soil solutions and from soil compaction, the longer a 

bone is buried the less evidence will be found for its existence. Therefore the 

expected pattern for bone density in a stratified site is that there will be a 

decrease in density in the lower levels. The results from Scotch Creek 1, 

however indicate that the highest density of bone occurs in Level 2 which may 

represent a more intense use of the site during this period. 

As bone undergoes chemical changes after being burnt there can be an 

incr~ase the preservational properties of the bone and also a decrease in a bones 

resistance to mechanical pressure which are related to different burning stages. 

Therefore the different proportions of burnt bone in an assemblage will also 

influence the density of bone. When the density of the different stages of burnt 

bone are compared between levels in Table 6.5 Level 2 has the highest density 

for all except for blue bone, where the density is only minimally different 

between Levels 1 and 2. Therefore the different stages of burnt bone do not 

alter the pattern of a higher density of bone in Level 2. 

Table 6.5. Density of different burning classes, weight of bone [g) I kg of 
sediment, by level. 

Leve l . Unburnt Bone 
1 0. 172 
2 0.278 
3 0.162 

Black Bone 
0.123 
0. 152 
0. 094 

Blue Bone 
0. 210 
0.181 
0.062 

Wh i te Bone 
0.321 
0.381 
0.048 

Total 
0.826 
0. 992 
0.366 
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Any interpretations made from a change in denssty between levels must 

also take into account whether the sedimentation rate was constant or not. If 

constant then there was more bone discarded in Level 2. However sf 

sedimentation was higher during this period, then the bone density would 

decrease. Changes in sedimentation may be detected by the amount of 

fragmentation that has occurred. Behrensmeyer [ 197 5] observed that bone 

weathers more quickly when it remains on the surface than when it is buried. 

Therefore any change in the size of bone fragments may be the result of 

different sedimentation rates, with less destruction occurring to bone that has 

been covered more quickly by sediment. 

Preservational Properties of Burnt Bone. 
Aplin [ 1981 :39] in his analysis of the effects of heat on bone found that 

after a bone is calcined chemical changes occur which makes the bone resistant 

to chemical attack and consequently there is better preservation of the calcined 

bone. Changes in density may then be a factor of the different preservational 

properties of burnt bone rather than a reflection of different intensities of site 

usage. However Table 6.6 shows Level 2, which has the highest density of 

bone, has a lower ratio of burnt to calcined bone than in Level 1. 

Table 6 .6. Ratio ofunburnt bone to calcined bone. 

Rat ios by weight 
Level Calcined 
1 3.08 
2 2.02 
3 0.68 

Unburnt 
1 
1 
1 

Therefore the higher bone density in Level 2 is not related to a larger 

proportion of the better preserved calcined bone. The low bone density in Level 

3, however may be the product of having a lower proportion of the calcined 

bone. It is also possible that as the calcined bone is less strong, the bone may 

have been destroyed through fragmentation. 

Bone Fragmentation. 
Fragmentation can occur either through physical force or because a 

bone has been chemically altered and loses strength. Taphonomic effects on 

buried bone through natural phenomena such as diagenesis and soil compaction 

result in expected patterns in any bone analysis. Through time the discarded 
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bones becomes more fragmented as they lose their strength and this is usually 

compounded if the bones had been heated or burnt prior to or after burial. 

When the average weight of bone fragments is used to reflect the amount 

of fragmentation that has occurred in any level, the larger the average weight, 

then less fragmentation has occurred. T-tests (unpaired, with significance 

placed at the 0.05 probability level] indicate that there was no significant 

differences in the average weights between any of the levels or any of the bone 

groupings. This is probably due to the very small size of the average weights. 

As there is no significant difference, between the average weights of the 

different burning stages of the bones, the different proportions of burning 

classes will not affect the density of bone when measured as weight of bone per 

kilogram. 

Table 6. 7. Average weight of different types of bone for each level. 

Level 

l 
2 
3 

Unburnt 
[g) 

0. 034 
0. 043 

0.035 

Dark brown! 
black [g) 
0.033 

0.037 
0.035 

Blue 
[g) 

0.038 

0.040 

White 
[g) 

0. 041 
0. 041 

0.036 

All burnt 
bone (g ) 
0.038 

0.052 
0.037 

All Bone 
[g) 

0.037 
0.045 

0.035 
0.044 

These average weights, however do indicate a pattern of larger bone 

fragments in Level 2, [see Table 6.7]. As the average weights for all 

classifications of burnt are larger in Level 2, the different chemical and physical 

properties of burnt and unburnt bone have not effected this trend. When bone 

from spits 19 and 19a are included the average weight is even higher at 0.056g. 

Mountain [ 1990] suggests that the amount of fragmentation that has 

occurred on bone can be measured by examining the proportion of identifiable 

bone using the assumption that as fragmentation increases there will be less 

identifiable bone. From Table 6.8, Level 2 has a higher percent of identifiable 

bone than either Level 1 and 2 which have the same proportion of identifiable 

bone. 

Table 6.8. Fragmentation rate measured as a percentage of identifiable 

fragments to the total number of bone fragments, by level. 

Level Number of To tal number of \ 
identifiable bone fragments 

bone fragments 
l 287 3136 9.2 
2 88 778 ll . 3 
3 29 316 9. 2 

NORTHERN TERRITOiH Ut\ \11£RSITY UB nARY 
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The trends emerging from both methods of measuring fragmentation are 

the same and indicate two deviations from the expected. Taphonomic effects on 

buried bone through natural phenomena would result in an increase in 

fragmentation with depth. The expected pattern here would be the presence of 

bone with smaller average weight in the lower level, the result of the bone 

undergoing more soil compaction and diagenesis. However both tests show 

that the bone fragments in Level 2 are larger and have a higher proportion 

identifiable specimens, whereas Levels l and 2 are similar, with smalJer 

average weights and a lower proportion of identifiable bone. As the Level 3 

bone fragments have the expected lowest average weight and the lowest density 

of bone fragments, the question to be asked is why, with its higher density of 

bone, the average weight of bone fragments in Level 1 is not greater. This may 

be answered by examining the effects of human activities on these patterns. 

The Relationship between Burnt Bone and Fire. 
Another indicator for an increase in site usage is the presence of 

campfires. At Scotch Creek I no charcoal was saJvaged from the excavation nor 

were any hearths noted in the excavation reports . However there is another 

indicator that campfires were present and that is the presence of bone that has 

become caJcined from the heat of campfires. The onJy natural way a bone could 

become calcined is if it was adjacent to a long burning tree trunk. As Scotch 

Creek I is on a levee bank it is highly unlikely that it has ever been covered in 

enough trees that have burnt to provide the amount of calcined bone that is 

found throughout deposit. DunJop and Webb [ 1991] observed that the cycle of 

water logging and excessive drying excludes woody plants from the area. The 

woody plants will onJy occur along margins of pennanent billabongs where 

water is available throughout the year. 

When the percentage by weight of the different stages of burnt bone are 

analysed [Table 6.8] there is a trend for an increase in the proportion ofunbumt 

bone as the bones increase in age. This pattern is expected as burnt bone loses 

mechanical strength more quickJy than unburnt bone when it ages. However as 

the amount of fragmentation for the different burning stages was found to be 
similar between Levels 1 and 3 it would appear that weathering and diagenesis 

has not seriously reduced the amount of bone and the high proportion of 

unburnt bone in the lowest level may represent a decrease in the frequency of 

fires during this period. 

As Level 3 also has the highest proportion of blackened bone, and the 

lowest proportion of calcined bone, [see Table 6 .9],this may indicate that the 
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discarded bone were burnt more often than other levels by bushfires. That is, 

the bones have only been in contact with temperatures that can be attributed to 

natural ftres not the intense and longer term temperatures attributed to 

campfires. 

It is possible, as Stiner and Kuhn [ 1995] discovered, that the blackened 

bone in level 3 may have developed because of its location in the sediment 

under a campfire. However, if all the carbonized bone in Level 3 is taken as 

being burnt in the sediment, when the proportion of all calcined and carbonized 

bones in this level are totaled it is still lower than just the calcined bone in the 

upper levels. Therefore, if sedimentation rate was the same for all levels there 

were less campfires in Level 3 than in Level 1 and 2. 

Table 6.9. Percentage, by weight of different burning stages of bone, by level. 

Level Unburnt Darkbro'iTV Blue Whi te All 
Black Calcined 

Wt g ~ Wt g \ Wt g % Wt g ~ Wt g % 
1 24. 4 21 17 .5 15 29.8 25 45.5 39 75.3 64 
2 9 7 28 5.3 15 6.3 18 13 . 3 39 19 .6 57 
3 5.0 H 2.9 26 1.9 17 1.5 13 3.4 30 

As Levels land 2 have similar proportions of the different categories of 

burnt bone, it is more difficult to identify changes between these levels. They 

appear to have undergone the same regime of bushfires and campfires. The 

largest difference is in the proportion of the blue bone between each level, with 

more fresh bone being burnt in Level 1. There is slightly more calcined bone, 

i.e. blue and white bone, in Level l than 2 and this may be the result of a higher 

sedimentation rate in level 2 with the bone evading the heat from campfires. 

As mentioned above the blue colour may indicate that when the bone was 

burnt it had retained its fats and not dried out. The bone change may represent 

different food discard behaviour with the people in Level 3 discarding their 

bone in the fire after eating whereas the people in the upper level discarded 

their bones elsewhere. As Walters [ 1988] noted it is unusual for bone to be 

discarded in a cooking fire as it is always kept clean, an alternate explanation 

could be that there is more blue bone present when a site is used frequently. 

The bone discarded from a previous camp has not had time to dry out before 

undergoing the intense heat from campftres. [f this hypothesis is applied, then 

there were shorter periods between visits in Level 1 than in Level 2. 
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Changes in Intensity of Site Occupation. 

While the different densities of bone in each level seem to indicate that 

there was more bone discarded in Level 2 than the other levels, changes in the 

size of the bone fragments and the proportions of different burning stages of 

bone indicate that other changes in prehistoric behaviour were occurring at the 

site. There may be some taphonomic processes that have influenced these 

panems, but they appear to be minor relative to the panems fonned as a 

consequence of past human activities. 

Level 3 has the lowest density of bone and the lowest frequency of 

campfires. The average weight of the bone fragments in this level are similar to 

those in Level 1. This data suggests that the site was used with less intensity 

during this period than at any other. 

The bone fragments in Level 2 were larger, and denser than in other 

levels. The combination of these two findings suggest that during this period 

even though more bone was discarded it was less damaged. As already 

mentioned the larger size of the bone fragments could be caused by a faster 

sedimentation rate during this period which protected the bone from the effects 

of weathering and/or trampling . 

As the average weight of the bone fragments in Level 1 tend to be smaller 

than Level 2, it may be that the sedimentation rate was slower during the more 

recent period. Consequently the difference in the density of bone fragments will 

not be as great between Level 1 and 2 as the number of artefacts in Level 2 will 

be reduced when sedimentation rates are equalized to the Level 1 rates. 

If trampling played a major part in the fragmentation of the bone then the 

decrease in fragmentation may also represent different seasonal use of the site. 

As Gifford [ 1982:515] mentions that while small fragments of bone are likely 

to be buried in the sediment after being trodden on, this process will alter if 

there is a difference in the moisture content of the sediment. A dry sediment 

does not so easily allow fragments to be buried in the surface. As the seasonal 

variations at Scotch Creek I are very intense, ranging from monsoonal to 

drought conditions it is possible that the site was used in a wetter part of the 

year in Level 2 where the bone fragments are larger. As there is no other 

evidence for seasonal use, except for when the site may have been flooded, and 

unapproachable, this hypothesis has little potential as an explanation. 

The higher density of bone in Level 2 and the proposed changes in the 

rate of sedimentation are compatible with the findings from the stone analysis 

which concluded there was a more intense use of the site during this period. 
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CHAPTER 7. 

CHANGES IN THE SCOTCH CREEK I ASSEMBLAGE AND 

THEIR RELAIIONSIDP TO REGIONAL PATTERNS. 

Although Scotch Creek I appears to have been a site where stone tools 

were always manufactured and where the availability and diversity of animal 

food resources was little changed for the whole period of occupation, there 

were variations in the stone and bone material that indicate changes in the 

intensity of occupation and the organization in the manufacture of the stone 

artefacts. 

Thr Constants at Scotch Creek I. 
While the aim of this thesis was to identify and interpret chronological 

changes in the archaeological material, there were several components of the 

assemblage that remained constant. These similarities can be related to the 

actual location of the site in relation to the resources used at the site. 

The faunal analysis indicated that as the same animal taxa appear in all 

levels there cannot have been any large changes in the local habitats 

surrounding the site. The highly fragmented state of all the bone indicate that 

they have been changed by natural taphonomic processes that have remained 

unchanged since the site was occupied and if the main taphonomic cause for 

the fragmentation is the large change in the moisture of the sediment, then the 

seasonal changes have occurred regularly at the site. 

The small size of the unretouched flakes throughout the site is more 

than likely related to the availability and consequently the value of the raw 

materiaL The site was not close to either the source of the tuff or the silcrete, 

both of which are found in outcrops south of the site. 

Scotch Creek I is situated between the raw material source and the 

flood plains which suggest that the site could be used as a location to prepare 

for trips into the flood plains, that is to manufacture artefacts and/or to recover 

from trips, that is to repair the artefacts. Therefore the raw material was always 

used carefully to avoid waste. The importance of the site as a "manufacturing" 

site for all its occupation is seen in the large number of waste flakes in relation 

to the tools in all levels. 
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Problems in Detecting and Interpreting Change. 

There are several factors which make it difficult to develop a model for 

the function of Scotch Creek I over the last 3,000 to 4 ,000 years . Firstly this 

analysis did not examine the quartz artefacts which are the second most 

abundant raw material at the site. Consequently this analysis fa1ls to identify 

how changes in the tuff stone assemblage relate to the quartz assemblage and 

vice versa. This could be important in understanding mobility patterns as the 

quartz. unlike the tuff and silcrete, is found locally. The increase in quartz at the 

site in the upper levels identified by Smith and Brockwell [1994] may indicate 

that the occupants were less mobile as they were relying more on quartz that 

was found nearby. 

Secondly any changes in the assemblage may be the result of a different 

use of plant materiaJ , either as food or for the manufacture of wooden artefacts. 

As no plant material was found at the site, this avenue for investigation is 

closed. Even examining use wear patterns which can often be related to the use 

of plants cannot be used because of the highly weathered condition of the tuff 

artefacts. 

The third complexity in developing a model is that there is very little 

archaeological or geomorphological data from the Adelaide River region that 

relates to the same period of occupation as Scotch Creek I. This restricts any 

interpretations using chronological connections between the environmental and 

archaeological changes. 

The lack of other archaeological research in the area precludes 

resolving whether Scotch Creek I was a typical site for the region, with the 

changes here reflecting a wider pattern, or whether the site was atypical and 

represents only a very localised subsistence strategy. Smith and Brockwell 

[ 1994] note that the Scotch Creek site is rare because it is an open stratified 

site, but whether this is only because of the preservational factors of the si te . 

because this type of site was rare in prehistory or because sites of this type have 

not yet been discovered, can only be determined by more research in the area. 

It also seems reasonable to expect that there is an overlap between the 

long term changes in an archaeological record caused by envi ronmental 

changes and the accumulation of short term changes resulting from the socio

political arrangements between groups of people (Bailey: 1983]. This approach 

has been used successfully by Tacon [1993] who suggests that some of the 

changes in the archaeological record in the Kakadu region are the result of an 

increase in territoriality. Smith and Brockwell, [ 1994] also use this approach to 

suggest that the presence of points at Scotch Creek I retlects a period of 
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increased territoriality with the points used either as weapons or as part of 

ceremonial activities to defend and /or protect resources. 

Whi le the final interpretations from this analysis of Scotch Creek I rely 

heavily on human adaptations to environmental changes either long term or 

short term, there are probably some patterns that are formed from the socio

political relationships between different groups of people that have developed 

and disappeared over the last 3,000 years. 

Changes in Sedimentation Rates. 

One of the most obvious patterns to look for in an excavated site is a 

change in the density of archaeological material through time. The density is 

then used to imply changes in the discard rate between analytical units to 

determine if there were changes in the intensity of site usage. As density is 

measured by comparing the weight or number of artefacts per kilogram of 

sediment, there is the assumption that the rate of sedimentation during the 

formation of the site is the same. However changes in sedimentation rate 

between two levels will affect any comparisons between the discard rate. If two 

analytical units are being compared and they have the same artefact discard but 

different sedimentation rates, the artefact density of the unit with a faster 

sedimentation rate will be reduced. Therefore it is necessary to isolate patterns 

in the archaeological record that indicate changes in the sedimentation rate 

before any interpretation can be made about the discard rate from changes in 

artefact density. At Scotch Creek I changes in the rate of sedimentation have 

been detected from the bone and stone analysis. As there is only one 

radiocarbon date for the site, an age/depth curve cannot be used to identify 

changes in the sedimentation rate. There are also no indications of change in 

the stratigraphy or depositional history of the site that indicate changes in the 

rate of levee bank build up. 

Baker [ 1981] suggested that the mounds on the coastal areas between 

the Mary and Adelaide Rivers were probably built up by the practice of using 

termite mounds in camp tires which increases the amount of sediments when the 

site was used more. Also when sites are used more there is an increase in the 

discard of organic material which would also increase the rate of sedimentation. 

Therefore, the hard compacted sediment noted by Smith [n,d.] in the upper 

spits of the excavation may suggest a decrease in the sedimentation rate during 

this period. 

The analysis of the transversely broken tlakes, which Hiscock [ 19851 

suggests is caused by trampling, although not conclusive, indicate that as there 
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was a lower proportion of this type of damage in Level 2 the artefacts may have 

been more protected by an increase in the sedimentation rate. 

The bone analysis also indicates that the sedimentation rate was lower 

in Level I . The size of the bone fragments were similar to Level 3 and there 

was the same proportion of identifiable skeletal parts, that is, there was a 

decrease in the rate of sedimentation in Level I which provided less protection 

to the bones from trampling or weathering than in the other levels. If 

sedimentation rate had been constant throughout the occupancy of the site then 

Level 3, the lowest level, would have more fragmentation of the bone than 

Level 1. 

In contrast, Level 2 which has the largest average weight and the highest 

proportion of identifiable bone, the sedimentation rate was higher than other 

levels. Therefore as Level 2 has the highest density of both stone and bone 

material and these were discarded when sedimentation rate was faster than at 

any other period of occupation, the rate of discard was greatest during this 

period. 

The Changes in the Manufacture of Stone Artefacts. 
Hiscock [ 1981] explained that any increase in the discard rate of stone 

artefacts cannot be automatically linked to a greater use of the site. If there is a 

change in knapping techniques or a change in the type of artefacts being 

manufactured there may also be a change in the amount of debitage which is 

discarded at the site. It is only after examining all changes in the archaeological 

material that interpretations can be made about changes in the intensity of site 

occupation. 

While the analysis of square J8A confirmed that there was a 

concentration of points in the middle of the profile, it also found that the 

majority of all retouched artefacts were located in Level 2 which has twice as 

many retouched flakes than Level 1, while there were none in Level 3. 

Unretouched Flakes. 
Research on stone artefacts m Kakadu have found that the size of 

unretouched flakes decreases in size when points first appear in the 

assemblages [Allen and Barton n.d . and Jones 1985]. This change marks the 

change from the mostly unretouched artefacts used in the area before about 

5,000 years ago. 

They suggested that when retouched implements are be ing made there 

will be an increase in the number of smaller tlakes in the assemblage. At 
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Ngarradj Warde Djobkeng, a rock shelter site on the escarpment where Allen 

and Barton [n.d:42] carried out a technological analysis on the stone 

assemblage, they found that when the implement to flake ratio was the highest, 

there were more small flakes under 8 mm2. 

The same pattern would not be expected at Scotch Creek I which was 

only occupied at the earliest, 3,000 years ago. All the unretouched flakes at 

Scotch Creek I were small , the average surface area was between 6.3 - 7.4 

mm1.However there are more flakes under 6 mm in length in Level 3 [75%] 

where there were no retouched fl akes and Level 2, which has the concentration 

of points, has the lowest percent of these small tlakes [63%]. 

As the size analyses of the unretouched flakes at Ngarradj Warde 

Djobkeng [Allen and Barton n.d:36) and at Nauwalabila [Jones and Johnson 

1985: 188] were not individually measured but grouped into set size ranges of 

weight and area, they were not able to detect the finer changes that were 

detected in this analysis which measured individual unretouched flakes. 

Changes in the size of waste flakes or any stone artefacts are often 

explained as a change in the value of the raw material . When a raw material is 

scarce it is used more carefully to manufacture artefacts and there is a higher 

proportion of retouched artefacts as the flakes are rejuvenated or repaired. This 

strategy also results in smaller unretouched or waste flakes. 

While the Level 2 unretouched flakes were larger on average than the 

other two levels the difference is really quite small , for example the Level 2 

flakes were on average only about 1 mm longer. As it was statistically 

significant it does represent a change in stone tool manufacture. It seems 

unlikely that this difference would be a conscious strategy used by prehistoric 

knappers to conserve the raw material . Therefore the change in length is 

probably related to a change in knapping techniques and this has been 

explained as an increase in the manufacture or repair of the points in Level 2. 

Points were found to have longer flake scars on their surface than either the 

rectangular retouched or amorphous flakes and flake fragments in the 

assemblage. 

The non-metric characteristics of the tuff and silcrete unretouched 

flakes also indicated that there were technological changes in knapping 

procedures. When the attributes of platfonn preparation and overhang removal 

on the tuff artefacts were examined it was found that Level 2 had the lowest 

proportion of these attributes which resulted in a signiticantly larger platfonn 

surfaces. While the silcrete artefacts had lower proportions of these attributes 

than the tutT artetacts for all three levels there was also a signiticant increase in 
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the proportion of overhang removal and platform preparation in the uppermost 

level. As there was more preparatory knapping occurring to ensure less errors 

in the removal of flakes this suggests a more economical use of both raw 

materials during this period. 

While the Level 1 and Level 3 unretouched flakes are not statistically 

different in any of their measurements, the techniques used to obtain this size, 

identified from the non-metric attributes, were different and indicate that 

during Level I the conservation of the raw material was a more important 

consideration. The small size of the flakes in Level l is also probably related to 

the presence of retouching as part of the conservation strategy. As there are 

fewer retouched artefacts in Level 1 and the unretouched flakes were smaller 

than Level 2, this also suggests that the occupants of the site at this time were 

conserving their raw stone material, either because they were less mobile than 

in previous periods or because less time was spent in the area south of the site 

where the raw material was available. 

When Jones and Johnson [ 1985:20 I] were arguing the case for the 

early date for the presence of points they relied on the small size of the 

unretouched flakes as evidence to propose that points were being 

manufactured. Level 3 at Scotch Creek I also has small unretouched flakes but 

no points. However the edge damage analysis and the other attributes of the 

unretouched flakes examined in this analysis are different enough from the 

attributes when points are present in Level 2 to cast doubts on a model which 

only uses the size of flakes as an indicator for the presence of points, [see 

Hiscock 1993]. 

The Poinu 
The distribution of points at Scotch Creek I is similar to the sites 

further east in the Kakadu region, however the pattern is more pronounced. The 

concentration of the points at Scotch Creek 1 is unlike the other excavated 

sites where the number of points decreases more gradually in the top level of 

the excavations. For example at Ngarradj Warde Djobkeng, [Allen and Barton, 

n.d:56] there is a "battleship" type distribution for the density of points from 

their first appearance in Level III to the upper Level I from 22 to 34 to 25 

points/m3 of deposit and also Jimede I [Schrire 1982:107] of 12.2 to 22 .5 to 5.3 

points /m3 of deposit from the lower to upper levels. In other words, there is a 

gradual increase and decrease in the density of points through time. As these 

points were manufactured until the protohistoric period (Allen and Barton 

n.d: 1251, the absence of points in Level 3 and their near absence in Level I at 
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Scotch Creek I indicates that the stone artefacts were being used somewhat 

differently to the sites further east in the Kakadu region. 

The main difference between the points in the Kakadu Region and 

Scotch Creek I is that the majority of the more easterly points were frequently 

made from quartzite. The quartzite was a locally quarried raw material found in 

outcrops of the Kombolgie sandstone, on the edges of the escarpment (Jones 

and Johnson 1985: 188; Schrire 1982:154] and therefore more available than 

the tuff used at Scotch Creek l. Perhaps if the cost of obtaining the tuff had 

been not so great the points may have been more abundant in Level I and 3. 

In Square J8A there are two and a half times as many butts than tips and 

no complete points. This is quite different to the ratios in the Kakadu sites 

where there are nearly equal proportions of butts and tips [Schrire 1982:246]. 

Broken points can be the resuJt of several different series of events in either the 

manufacture or use of the points [Jones and Johnson 1985:200; Schrire 

1982 ·59] which inhibits any interpretations on the manufacture, use or discard 

practices. The higher proportion of butts at Scotch Creek I than at other sites 

suggests that the repair rather than the manufacture of the points was more 

important. The lack of any complete points suggest that the points were used 

more carefully and only discarded when the damage was irreparable. 

Only 2 of the seventeen points [12%] in Scotch creek were unifacial. 

This corresponds to sites in the Kakadu Region where bifacial points are in the 

majority although this can vary from 10% at Jimede I to 41% at Jimede n. 
Allen and Barton [ n.d:60] noted that there was a higher proportion of unifacials 

in the lower point layers at Ngarradj Warde Djobkeng. Whether unifacial and 

bifaciaJ points are part of the same continuum or two separate types is sti ll 

under discussion, (Schrire 1982:246; Flenniken and White 1985; and Hiscock 

1994]. If the fanner, then this suggests that when unifacials are rare there has 

been more curation of these artefacts. 

Tbe Rectangular Retouched Flakes. 
The use of rectangular retouched tlakes has been proposed as either 

scrapers or adze/chisels. Both Kamminga [ 1982] and Meehan et al [ 1985: 140] 

that these pieces were use to work wood. What these wooden artefacts were is 

unknown, but as both the points and rectangular flakes first appear in Level 2 

and in equal numbers, and are rare in Level 1, there may be a relationship 

between the manufacture of points and the wooden spears as suggested by 

Allen ad Barton [n.d.] 
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At both Ngarradj Warde Djobkeng [Allen and Barton n.d:57] and 

Nauwalabila [Jones and Johnson 1985] there are always more points than 

rectangular tlakes while the proportions are reversed at the wetland site of Kma 

where there were very few points. Level 2 at Scotch Creek I seems to fall in 

between these two extremes and it is only in Level I that the relationship 

between points and adzes is comparable to the wetland site on the South 

Alligator. Brockwell [1989:293] suggests that the different proportions of the 

rectangular flakes is the result of different site functions and is related to the 

closeness of particular resources at each of the open sites on the South Alligator 

Flood Plain. If this hypothesis of a strong correlation between artefacts and 

particular resources is occurring at Scotch Creek I then perhaps the area 

surrounding Scotch Creek was not as unchanging as previously' stated. 

The Amorphous Retouched Flakes. 

While there are equal numbers of the amorphous type of retouched 

flakes in Levels 1 and 2, six in each, these artefacts were the predominant 

retouched artefact in Level l. At Ngarradj Warde Djobkeng [Allen and Barton 

n.d:57&70], at Kina, [Meehan et al. 1985:151] and at Nauwalabila [Jones and 

Johnson 1985: 196] the rectangular retouched flakes always outnumbered the 

amorphous type. As there is even less chance of identifying what the 

amorphous retouched flakes were used for than the rectangular flakes, the 

difference between Scotch Creek I and the other sites is that perhaps the 

activities at Scotch Creek I required less task specific tools than the Kakadu 

sites, especially during the latest occupancy at Level 1. 

Changes in the Intensity of Stone Tool Manufacture. 

The highest discard rate for stone artefacts occurred at Nauwalabila 

between 2-2,500 [Jones and Johnson, 1985: 183], at Ngarradj Warde Djobkeng 

it occurred between 3-4,000 years ago (Allen and Barton n.d:27] and at Jimede 

l it is dated to around 2,000 years ago [Schrire 1982: 153] and these periods all 

correlate with an increase in retouched artefacts. According to Schrire [ 1982] 

a high implement to unretouched tlake ratio indicates that artefacts were being 

manufactured, and for Allen and Barton [n.d .] a high ratio can indicate the 

manufacture of retouched artefacts. 

While Scotch Creek I had the highest density of artefacts in Level 2. 

this level also had the lowest ratio of retouched [and/or cores] to unretouched 

flakes, with the highest density of retouched artefacts. Therefore any 

interpretations about the changes in the manufacture of stone artetacts cannot 
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be simply explained as changes in the amount of manufacture or retouch 

occurring between different levels. There must be another factor involved for 

this pattern to exist. 

At Ngarradj Warde Djobkeng, Allen and Barton found that while there 

were high implement to flake ratios at the site in the lower levels which 

indicates that the implement were manufactured at the site, there were very few 

large implements. They asked [n.d:37], 

"Where have all the large implements gone- if they ever existed?" 

This question could be asked of Level 3 at Scotch Creek I where there 

was an absence of retouched tlakes. This lack of unretouched artefacts does 

not only occur in square J8A as Smith [n.d.] identified only one retouched 

artefact in the adjacent squares, at a depth equivalent to Level 3 in J8A. 

Allen and Barton answered their own question by saying the 

unretouched flakes were used as implements. This explanation does not work 

so well for the lowest level at Scotch Creek. At Ngarradj Warde Djobkeng the 

size of the waste flakes were much larger when there were very few 

implements. At Scotch Creek I the average size of the unretouched flakes in all 

levels are small, too small to be either hafted or used as a hand tool. 

If Level 3 does represent a period when there were no retouched 

artefacts were being made at the site it is possible that the unretouched flakes 

were removed from cores. However, as there is only tuff core in Level 3, the 

ratio of unretouched flakes to the core is still higher than the retouched to 

unretouched flake ratios in the other levels. 

Jones [1985 :215] also noted a low number of cores in Nauwalabila and 

suggest that for most of the raw material the primary flaking was done away 

from the site. This theory also fits the pattern at Scotch Creek I where the low 

number of cores is probably the result of the distance of from any source of raw 

material. This pattern of low core numbers occurs in all the sites in the region 

from the mid-Holocene onwards. 

As the bulk of points were in Level 2, the lower unretouched to 

retouched flake ratio may have been produced by the primary knapping of these 

artefacts elsewhere. This practice was noted by Jones and White, [ 1985] and at 

the Ngilibitji quarry in eastern Arnhem Land. While this argument is feasible 

both Allen and Barton [n.d.] and Jones and Johnson [1985 : 199] suggest the 

same process was occurring at the sites they were analysing. Therefore the high 

ratio at Scotch Creek l may be related to the proportion of retouched artefacts 

manufactured at the site and then discarded elsewhere. 
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Changes in the rate of discard of the retouched artefacts could be 

formed by several processes. Firstly the retouched artefacts were manufactured 

at the site and discarded elsewhere. or the artefacts were brought back to the 

site to be repaired and only discarded when the repair was unsuccessful. The 

artefact was manufactured and used at the site and then discarded after the 

activity was completed or the tool could not be repaired. Therefore those 

artefacts that were manufactured at the site and brought back to be repaired, or 

used at the site, would then leave an archaeological record of a much higher 

retouched to unretouched flake ratio than when artefacts made at the site then 

discarded elsewhere. This is what may have made the difference between the 

ratios in Level 1 and 2, with more retouched artefacts being repaired or used at 

the site in Level 1. 

This finding is strengthened by the experiments of Towner and 

Warbuton [ 1990] which found that when points are manufactured rather than 

rejuvenated there are more waste flakes and they are larger in size. This would 

be detected in the archaeological record by a higher ratio of unretouched flakes 

to points when points are being manufactured. As Level 2 has the largest 

unretouched flakes and the lowest ratio of unretouched to retouched flakes 

then, using Towner and Warbuton's model, this ratio might have been formed 

by more points manufactured at the site but being discarded away from the site. 

The proportion of artefacts with edge damage in Level 3 and the small 

size of the scars may indicate that while implements were being manufactured 

in Level 3, they were not being used and or repaired to the same extent as in the 

later levels which suggests that they were discarded elsewhere. The patterns of 

multiple and single scars and their sizes suggest that there was little or no 

retouch occurring in the lower level. 

There was little difference in the proportion of old damage between 

Level 1 and 2 which suggests that the stone material underwent similar 

manufacturing, repair or use processes. There was more variation in the size of 

the scars in Level 1 which may suggest that the artefacts were used either for 

different activities or more intensely. 

The Rate of Change. 
The variation in the size of the analytical units used in this analysis and 

the lack of data which would indicate the time period that they may represent 

does confuse the issue of the rate of change between the levels. Therefore 

implications on the rate of change can only be made from the environmental 

data. 
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As Clarke and Guppy [ 1988] state the change from a estuanne to 

freshwater habitats may have resulted in vegetational changes which were 

discontinuous and rapid. Plants that can survive in freshwater conditions cannot 

survive in saltwater conditions and vice versa. Therefore particular localities on 

the main Adelaide River tlood plains near Scotch Creek may have in a 

relatively smaJI period of time become freshwater. Therefore the resources on 

the main tlood plain were more diverse than before, but still somewhat 

unreliable as it is possible for the freshwater habitats to revert to saltwater as 

the tlood plain region was developing. This model suggests that some of the 

human adaptations to these changes may have been relatively rapid. 

Changes in Site Function. 

The increase in the use of retouched artefacts and points in Level 2 may 

then reflect adaptations to the use of new resources, or a change in the targeting 

of a particular resource or a new strategy to obtain a resource. As the faunal 

analysis does not indicate any new animal prey being used or an increase in the 

abundance of any taxon at the site, the change may be related to plant 

resources. It is possible that the appearance of rectangular retouched flakes and 

the amorphous types indicate an increase or change in how plant material is 

used. 

If stone points were used solely for hunting rather than to defend or 

define territories, it is possible that the concentration of points in Level 2 can 

be explained as changes in hunting techniques to adapt to environmental 

changes. The changes on the flood plain caused by the stabilization of the sea 

level would have also changed the feeding patterns of the macropods with open 

grasslands appearing as areas became freshwater dominant. It may have been 

that only when this environmental change occurred was it worthwhile for the 

hunters to spend the extra time in manufacturing stone points, because they may 

have been a more efficient hunting tool in these conditions [ Odell and Cowan 

1986:207] and/or because they reduced risk (Hiscock 1994]. The first model 

does not explain why the points became a minor part of the assemblage in Level 

I when the open grasslands were probably a predominant feature of the flood 

plain, whereas the second model does. 

The increase in the proportion of the quartz artefacts in Level I may also 

be related to the decrease in the presence of points, with quartz unretouched 

tlakes being used as projectile points. As quartz is found locally near Scotch 

Creek this may explain why the points dropped out of the archaeological record 

more dramatically here than in the Kakadu region. 
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Chronological Change in Site Function. 

The result from this analysis suggests that during the early occupation 

of the site in Level 3, it was used as a place mainly to manufacture tools which 

were then used elsewhere. The absence of retouched flakes and of unretouched 

tlakes of a size suitable to be used as tools suggests that these artefacts were 

used and discarded elsewhere. While the low bone density in this level was 

probably caused in some part by loss through taphonomic processes, it was a 

only one third of that in Level 2. A less intense use of the site is also indicated 

by the presence of fewer camptires during this period. 

Edge damage scars in Level 3 also indicate there was very little or no 

retouch occu.rring and that there was a less intensive use of stone material at 

the site which suggest that the site was either used only for short visits as there 

appears to have been no major repair or use of tools or that the tools need for 

subsistence strategies were different to later periods. 

If retouched artefacts represent a more economic use of raw material 

then the absence of retouched flakes during this period may indicate that there 

was not the same pressures to conserve the raw material as in the later periods. 

The lower concern for stone curation may have arisen because the people were 

visiting the quarries more often either because they were more mobile or 

because the resources used during this period were centred more in the 

woodland areas where the stone raw material was found. 

In Level 2 the site was used much more intensely as a stone tool 

manufacturing site. The high density of bone, an increase in the number of 

campfires and the highest density of retouched artefacts suggest that the site 

was occupied for longer periods as the occupants had more time to 

manufacture, repair or use the stone artefacts. While some of the changes in the 

density of stone artefacts may be related to changes in stone tool technology, 

the much higher density in Level 2 indicates a more intensive use of stone 

material during this period. 

In Level l the majority of retouched artefacts were amorphous flakes 

and the points had all but disappeared. It also had the lowest density of stone 

artefacts and there are indications that the raw material was used even more 

carefully than at any other time. While the proportion of flakes with edge 

damage was the same as in Level 2 the attributes of edged damage indicate that 

there was a change in how the artefacts were damaged . While the bone density 

is only slightly lower than in Level 2 the lower sedimentation rate means that 

the site was used much less intensely in the upper level. As there was the same 

proportion of bone atl'ected by campti res in Levels l and 2 this indicates that 
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the same number of people were camped at the site. Level I also had a slightly 

higher proportion of blue bone than Level 2 which may represent a shorter 

penods between visits . The higher proportion of blue bone and the lower 

sedimentation rate in Level I than in Level 2 suggests that the s ite was used 

frequently but over a shorter period than in Level 2. 

The Effects of Environmental Change on Site Function I. 
As the local habttat surrounding the site appear to have been relatively 

stable over the last 3,000 years, the changes in the archaeological material at 

Scotch Creek I may indicate changes in subsistence strategies used to cope with 

the wider environmental changes that were occurring on the main flood plain. 

If it is assumed that in Level 1 the flood plains were more similar to the 

current environmental conditions that at any earlier time, there would have 

been more locations on the flood plain with freshwater and other resources than 

the past. Therefore it is likely more time was spent on the flood plain during 

thts penod, away from the source of the raw stone material. The prevalence of 

amorphous retouched flakes and rectangular flakes may indicate an increase in 

the reltance of plant material during this period. Scotch Creek I may have only 

been occupied at the end of the dry season when other areas were stressed. 

Current research by Sally Brockwell along the western side of the Adelaide 

R.Jver Flood Plam has located mounds on the flood plain that appear to have 

been occupied from about 1,5000 years ago. This may indicate that the main 

flood plain area was used more intensely from this period onwards. 

In Level 2 the occupants of Scotch Creek I used the s ite as a base, from 

whtch trips onto the flood plain were prepared for, with tools being repaired as 

well as manufactured possibly because. While there were resources out there, 

they were less reliable and required more preparation . 

ln Level 3, the s ite was used less intensely than other period, however 

the manufacture of stone artefacts was an important site function . There 

appears to have been different subsistence strategies used as there was not the 

same need for retouched artefacts either because the resources and/or their 

abundance on the flood plain were different from later periods, or because 

d tfferent method were used to gain these resources. 

Scotch Creek in a Regional Penpective. 
In the Kakadu Region archaeologists have often recognised four major 

types of sttes, wetland sites identified by Meehan et al. [ 1985], the tlood plain 

and plateau sites identified by Schrire [ 19821 and small sites on the higher 
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woodland ground adjacent to the flood plains identified by Guse [ 1992]. As 

Scotch Creek I does not fall into any of these categories it is not surprising that 

the archaeological material and the changes in their distribution density and 

type of stone artefacts is quite different. 

TI1e site's locatiOn next to a permanent supply of freshwater and reliable 

resources and the consistency in the animal taxon present in the faunal remains 

dunng the occupation of the site suggest that the subsistence strategies near the 

site remained constant. Therefore the changes observed in the archaeological 

matenal at Scotch Creek I may be related to the exploitation of the wider 

region of what is now the Adelaide River Flood Plain which was undergoing 

dramatic environmental transformations when the site was occupied. However 

the changes in the intensity of use on the flood plain region itself cannot be 

dec1ded until further Sites of the same age are discerned and analysed. 
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