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C H A P T E R ONE 
INTRODUCTION 

1.1. APPROACHES TO LITHICS ANALYSIS 

The prehistoric archaeologist's resource base is often comprised of lithics which, 

due to their durability-, often serve as one of the foremost indicators of past cultural 

activities. As a result archaeology has conducted much research into stone artefacts, and 

many different approaches to the analysis of lithic technologies have developed, each 

concentrating on specific aspects. 

In the past the analysis of lithic materials usually took the form of a typological 

approach which aimed to divide stone artefacts into types on the basis of the presence 

and/or absence of specific attnbutes. As a result these traditional typological analyses 

tended to concentrate on the identification of formal tools and by and large neglected the 

analysis of the unused manufacturing byproducts, or debitage. In more recent times the 

importance of stone debitage analysis using systematic techniques has been recognised. 

One of the first archaeologists to have understood the value of technological analysis was 

Donald Crabtree who argued that 

"the final finishing stage in the production of many types of stone tools serves to erase 
the visible traces of previous stages in the lithic reduction process, so one must examine 
quarry and workshop debris in order to go beyond typological considerations and 
discover technological processes in stone tool production"( In Ritchie & Gould 1985:35). 

Indeed the neglect of debitage may be criticised on the basis that 

" being an immediate byproduct of manufacturing activity, debitage largely escapes 
curative effects; it is also abundant, widespread and therefore suited to statistical 
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manipulation. Debitage retains evidence of prior manufacturing steps, thus its variability 
must in some ways be related directly to the formal variability of intended products of 
manufacture'X Magne 1989:15 ). 

Technological studies of lithic materials investigate issues such as raw material 

sourcing, and the analysis of debris and discarded materials, to reconstruct the 

behavioural patterns and stone reduction sequences of the prehistoric stone knappers. 

Hence, in contrast to traditional typological approaches, technological studies 

concentrate on the waste products of formal tool manufacture rather than on the formal 

tools themselves. Indeed in the case of industries which have few or no formal tool types 

debitage analysis is even more important because the debitage alone can be used for 

characterising prehistoric technological activities. 

This thesis presents a technological analysis of the lithic component of 

assemblages from three sites located in South Sulawesi, eastern Indonesia. The 

investigation concentrates on debitage analysis to reveal possible reduction sequences 

involved in the manufacture of stone tools at the sites. The three assemblages 

investigated here have been assigned to the Toalean industry which has been widely 

documented in the southern part of South Sulawesi, and which spanned the middle to late 

Holocene. The Toalean is generally associated with fine flaking of cryptocr>'Stalline 

stone, production of microliths, and a few localised types such as Maros points. More 

information about South Sulawesi and the Toalean will be presented in the following 

chapter. 
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1.2. AIMS AND THEORETICAL APPROACH 

Earlier archaeologists have recognised a Toalean culture' but they have failed to 

define what it supposedly is, that is i f the Toalean is a 'tradition' or an 'industry" or 

neither. More recent researchers tackled the Toalean either in culture-historical terms 

(eg. Chapman 1981, 1986), or a combination of culture history and technological analysis 

(eg. Glover & Presland 1985). However, debitage analysis as elaborated by Sullivan and 

Rozen (1985, 1989) has not yet been applied to the Toalean. Thus, this thesis will make a 

novel contribution to the understanding of the Toalean since, in contrast to previous 

investigations, it is applying a technological analysis to the debitage. As with some 

previous investigations of the Toalean, culture history is also adopted here since the 

Toalean is recognised in some sense as a single entity. Other aspects to be considered 

include an investigation and critical study of the analyses of the Toalean made by past 

researchers. Another aim of this research is to identify any temporal and/or spatial 

variations which may exist in the archaeological record and to review the status of the 

Toalean. Two hypotheses can be extrapolated from these aims, being: 

• L A common stone technological 'tradition" or industry' existed in South Sulawesi 

during the Middle to Late Holocene period, and that it wil l be represented at 

prehistoric sites which are located in the region. A distinction must be made between 

the meanings of the analytical constructs "tradition' and 'industry'. Here a 'tradition' 

is taken to mean "long-term continuity in either individual technologies or attributes". 



4 

while an 'industry" may be defined as "a fi-equently repeated assemblage of restricted 

content"'(Bahn 1992:513,227). 

• 2. Inter-site variations are observable within the Toalean and they can be explained 

by ecological, climatological, or geological factors. 

The main theoretical position adopted in this thesis is cultural ecology applied 

using analytical archaeology. At the most basic level cultural ecology holds that a human 

culture IS a system of adaptations which allow long-term survival of a population in its 

environment. Thus, it may be considered that patterns of behaviour, technology, and 

environment are parts of an interrelated, dynamic system (Steward 1977). These aspects 

will be studied in relation to three Toalean sites and the ecologies of the region that they 

are located within. Here we may return to the first hypothesis proposed earlier, that of a 

common technological 'tradition' or 'industry' existing in South Sulawesi during the mid 

to late Holocene. I f this is supported then similarities between assemblages should 

theoretically, according to cultural ecology, be explicable in terms of ecology, climate, or 

the available raw materials. 

The analytical component of the research is applied through a comparative study 

of the lithics from these sites, in order to identify and explain any similarities and/or 

differences between the assemblages. It is analytical archaeology which provides the 

methodology for collecting the data to address specific test expectations of the two 

hypotheses mentioned earlier. In this case, the similarities and differences between the 

assemblages will be analysed in terms of recognisable variation in temporal and spatial 



parameters. The temporal aspect is relevant only i f the assemblages differ in age, which 

they do for the securely dated assemblages from Leang Burung 1 Trench B and Leang 

Karassa", but this is not applicable to the surface collection from Pammangkulang Batua 

since it is undated. The spatial aspect per se is not relevant so much as the 

microenvironmental variability among the three sites, these microenvironments being a 

karst valley, karsts abutting the coastal plain, and the coastal plain itself These 

microenvironments will be specifically discussed in relation to the assemblages from the 

three sites investigated in the following chapters. 

1.3. APPROACH APPLIED TO LITHIC ANALYSIS 

At the most basic level the basis for the research presented here is to perform a 

comparative study of the lithic component of three assemblages from Toalean sites in the 

southwest comer of South Sulawesi. Analysis of the lithics follows the general guideline 

for technological investigation which has been proposed by Sullivan and Rozen (1985). 

According to these authors "...technological origin of debitage cannot, in most cases, be 

reliably inferred from key attnbutes observed on individual specimens, and the 

manufacture of chipped stone artefacts is more realistically viewed as a continuum rather 

than a set of distinct technological events" (Sullivan & Rozen 1985:755). Thus in this 

adaptation of Sullivan and Rozens method stone debitage is analysed by the division of 

specimens into groups on the basis of attributes which are considered to be indicative of 

different stages in a stone tool reduction sequence. In the view of Sullivan and Rozen the 

use of such categories to describe complete lithic assemblages, rather than specific 



individual artefacts, produces a more reliable analysis which enables mtra-site 

comparisons to be made. 

A method of artefact distinction often applied in reduction stage typologies is the 

use of divisions such as primary, secondary, and tertiary flakes based on the percentage 

of cortex remaming on a specimen. In contrast to this Sullivan and Rozen prefer to use a 

hierarchical key in order to establish what they refer to as "interpretation-free categories" 

(1985:758). These categories are free from preconceived ideas about lithic technology, 

and they are sensitive categories in terms of patterns of lithic production and have been 

defined by usually unambiguous characters. The hierarchical key dealing with stone 

debitage interpretation which was presented by Sullivan and Rozen in 1985 did not 

include artefacts such as cores and retouched pieces on the basis that they are non-

debitage categories; such specimens either had been utilised to manufacture other tools 

and/or debitage or had been exposed to secondary working. Sullivan and Rozen (1989) 

further expanded their hierarchical key to include such artefacts in a review of their 

model. It is this key which is applied in the analysis of the stone debitage from the South 

Sulawesi sites. 

1.4. THE SITES INVESTIGATED 

The three sites investigated are all located within the southwestern comer of 

South Sulawesi. The assemblages from the rockshelter sites of Leang Burung 1 and 

Leang Karassa' were excavated in 1969 during the "Australian-Indonesian 
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Archaeological Expedition to South Sulawesi". Leang Karassa' had also been excavated 

by Dutch archaeologists prior to the declaration of Indonesian Independence in 1945. The 

third assemblage consists of a surface collection of lithics gathered in 1987 by David 

Bulbeck as part of his doctoral research which was entitled 'The South Sulawesi 

Prehistoncal and Historical Archaeological Project'. Leang Burung 1 is located within 

the karsts abutting the coastal plain, Leang Karassa' is located within a karst valley, and 

Pammangkulang Batua is situated on the coastal plain. More information concerning the 

specific sites will be presented at a later stage. 

Following fieldwork the materials excavated from Leang Burung 1 and Leang 

Karassa" were kept at the Australian National University in Canberra. First they were 

stored in the Department of Prehistory at the Research School of Pacific Studies, and 

then at the institute teaching undergraduate archaeology previously known as the 

Department of Prehistory, but now known as Archaeology and Anthropology Faculties. In 

December 1993 and January 1995 David Bulbeck looked through the collections held in 

the department's compactus to have the Leang Karassa' and Leang Burung 1, Trench B 

materials sent to Perth. The lithics from these excavations, and the component of the 

Pammangkulang Batua surface collection which David Bulbeck brought to Perth in July 

1993, were observed directly during my study (see Chapters 4 to 6 for details). 
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C H A P T E R TWO 
BACKGROUND 

2.1. GEOLOGY 

The island of Sulawesi, or Celebes as it was once known, falls within the Indo-

Malaysian Archipelago of insular Southeast Asia, and is traversed by the equator (Figure 

2.1.). Sulawesi covers a total surface area of approximately 172,000 square kilometres 

which takes the distinct form of four outstretching arms. It is in the southwest arm that 

the archaeological sites under consideration in this thesis are located. In particular they 

lie near Ujung Pandang, the capital of South Sulawesi province (which includes the 

southwest arm), and also slightly to the north in the county of Maros. 

The geological history of the island is complex. The intricate geological 

configuration found in Sulawesi today is the result of a series of drifts and collisions 

which followed the fragmentation of the Gondwanaland crustal plate millions of years 

ago (Figure 2.2.). In a general sense the geology of the island is dominated by two main 

petrotectonic assemblages, these being ophiolite complexes in the eastern and 

southeasten arms and recent to sub-recent volcanics in the northern and southern arms 

(Katili 1978:293). ^ . 
. . . . . 

More specifically, the geology of the Maros county where Leang Burung 1 and 

Leang Karassa' are located is characterised by the alkaline Tonasa limestones of the 

foothills (see Figure 6.2) which were "laid down between the Eocene and the Middle 



Figure 2.1 Geographical location of Sulawesi. 
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Figure 2.2. Geological configuration of Sulawesi (After Katili 1978:295). 
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Miocene and change from thin bedded gently dipping, back-reef and lagoonal limestones 

at the base of the exposures, to more massive coral reef facies interbedded with 

tuffaceous marl and bitummous breccia and sandy limestones" (Glover 1979.304). These 

sediments underwent a process of uplifting and erosion and were then covered by 

volcanic rocks and derived sediments during the Upper Miocene, approximately twenty-

five million years ago. This overlying member is known as the Camba Formation and it 

consists of marine sedimentary rocks, volcanics, tuffaceous sandstone, and claystone 

(Sukamto & Supnatna 1982:15). In contrast the surface site of Pammangkulang Batua is 

located on the coastal plain of alluvial deposits which date to the Holocene period. 

The geological configuration of Sulawesi would have dictated the type of lithic 

raw materials available to the prehistoric stone knappers of the past. The knappers would 

presumably have selected and utilised any suitable stone for tool manufacture. In places 

where fine-grained, cryptocrystalline raw materials were rare, rationing of such resources 

would have occurred, or exchange may have occurred with inhabitants of other areas who 

had access to such materials. 

2.2. CLIMATE AND ENVIRONMENT 

The geographical location of Sulawesi determines the climatic conditions 

experienced on the island. The island is located within the Indo-Australian monsoon 

region and is thus exposed to a tropical climate with high temperatures, high humidity, 

and high rainfall. The depauperate amount of literature which deals specifically with the 
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climate in the Maros region means that the information presented below is on a fairly 

general level. However, where possible specific mention of Maros will be made. 

Sulawesi experiences two monsoons per year. The first is the northwest monsoon 

which occurs from September to March and the second is the southeast monsoon from 

April to June. In the first period northwest winds travel across the South China Sea, 

picking up moisture as they go, and they arrive in North Sulawesi in November, and on 

the western coastline of South Sulawesi later in the same month or early in December. 

This is followed by a retreat of the northwest winds from April to June (Whitten et alia 

1987:21). 

The rainfall in the southwest comer of South Sulawesi is characterised by 

seasonal precipitation at its highest from December to March and at its lowest during the 

middle of the year. The county capital of Maros which is situated close to Leang Bumng 

I and Leang Karassa" experiences a high annual precipitation which averages 

approximately 3175 millimetres. Similarly, Ujung Pandang which is located close to 

Pammangkulang Batua receives an average annual precipitation of 2876 millimetres 

(Furukawa 1982:67). The slightly higher precipitation experienced in Maros may be due 

to Its location near a north-south oriented mountain range which forces the moisture-

laden air of the northwest monsoon to rise dramatically and results in higher levels of 

rainfall. 

In contrast to the monsoonal climatic conditions experienced in Sulawesi in 
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modem times the palaeoclimate would have been different. During the Pleistocene, 

conditions in Sulawesi would also have been monsoonal but they would have been drier 

and more seasonal with lower ramfall and humidity, and a far more distinct change m 

average seasonal temperatures. These conditions would have been caused by the more 

southerly location of the Intertropical Convergence Zone which is the region where the 

air currents of the northern and southern hemispheres meet (Whitten et alia 1987:18). 

Consequently, the Pleistocene climatic conditions may have affected Holocene flora and 

fauna distributions. 

2.3. FLORA AND FAUNA 

Most of Sulawesi experiences both the northwest and southeast monsoons, which 

results in an equatorial climate. However, in the southem half of the southwestem arm 

and in some parts of the southeastem arm only one monsoon is experienced which results 

in a classically monsoonal climate. It is this climatic variation which influences the type 

of vegetation which can survive on the island. "Broadly speaking, we have moist 

deciduous forest in the southem half of the southem peninsula and in parts of the 

southeastem, and mixed rainforest elsewhere" (Groves 1980:88). The character of the 

palaeovegetation of the island has been studied using pollen analysis. These 

investigations have indicated a strong link between climatic fluctuations and vegetation 

during the Quaternary period (Whitten et alia 1987:29). In general, during the dry periods 

of the Pleistocene there was a decline in the amount of rainforest and an increase in the 
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area covered by seasonal forest. 

The palaeofauna of South Sulawesi has been divided into two categories on the 

basis of their age and locations. The most ancient is the Cabenge fauna which dates to 

the late Pliocene and which has been discovered in riverine sediments near Sompoh, 

Bern and Celeko. Species include various tvpes of stegodon, pig, sharks, crocodiles, 

turtles, and tortoises. The more recent group, and in this case the more relevant, is the 

Toalean fauna which originated approximately 30,000 years ago and has been found in 

sites in the limestone caves near Maros. It includes cuscus, rat, pig (Sus celebensis), anoa, 

Babirusu (an unusual variety of pig) , and riverine varieties of molluscs (Whitten et alia 

1987:34). 

The modem fauna of Sulawesi consists of both indigenous species and a smaller 

number introduced by people during the Holocene. Native mammals include primates 

such as tarsiers and macaques; tree shrews; pigs; and anoas or dwarf buffalo. By far the 

most numerous of the mammals are the bats and munds, which together account for 70% 

of the mammalian fauna on the island. Fiftv' nine species of bats have been identified, 

some of which have been found at Toalean sites in South Sulawesi. Al l of the rats and 

mice are endemic to Sulawesi and surrounding islands (Musser 1987:73-81). In addition 

to these mammal species there are 23 species of amphibians (twelve of which are 

endemic), 61 snake species, and 220 bird species which are mainly of Asian origin ( Eari 

of Cranbrook 1981:62-64). 
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2.4. PREVIOUS ARCHAEOLOGICAL RESEARCH 

Archaeological interest in South Sulawesi has existed for almost a century. Some 

of the earliest work concerning the archaeology of the region was published by the Swiss 

naturalists, the Sarasin brothers, in the early 1900's. The Sarasins excavated four cave 

sites (1 - 4 on Figure 2.3) and, from this work, they were the first to formally recognise or 

identify the Toalean stone tool industry of the region. To quote Mulvaney and Soejono, 

"At the time of the Sarasin expedition, some of the caves were occupied by Toala 

peoples, whom they assumed incorrectly to be the remnants of a hunter-gatherer society 

and probably the direct descendants of stone age people. Thus the term, Toalian, became 

applied to their excavated cultural material" (1970:27). Thus was the inception of the 

enigmatic Toalean culture which was to stimulate much research interest in the future. 

The next significant investigation was undertaken by Callenfels who excavated a 

number of Toalean sites from 1933 to 1937 (5, 6, 14, 15, 17 and 18 on figure 2.3). As a 

result of his work Callenfels proposed the division of the Toalean into an upper period 

characterised by winged and serrated arrowheads and muduk bone points, and a lower 

period featuring tanged tools. Slightly later another Dutch scholar, by the name of 

Heekeren. was investigating the archaeology of Sulawesi. The results of his regional 

investigation and those of other Dutch archaeologists working in Indonesia were 

published in a book titled The Stone Age of Indonesia (first edition) in 1957. In contrast 

to Callenfells' earlier division of the Toalean Heekeren proposed a three phase 
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1. Leang Cakondo 1. 
2. Leang Cakondo 2. 
3. Leang Uleleba 
4. Leang Balisao 
5. Leang Tomatua Kacicang. 
6. Leang Sebang 
7. Leang Ara 
8. Leang JariE. 
9. Leang Saripa 
10. Leang PattaE 
11. Leang Lampoa 
12. Mandai 
13. Leang Panameanreanga 
14. Batu Ejaya. 
15. Pangameang Tudea 
16. Bola Batu 
17. Panisi Ta'batu 
18. Leang Codong. 

Rivers, 

voo 100 m. contour asl. 

Figure 2.3. Distribution of selected Toalean sites in Southwest Sulawesi (adapted from 
Heekeren 1972:107). 
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partitioning of the industry. It consisted of the following divisions: 

• Toalean 1 (or Upper Toalean) featuring barbed arrowheads, muduk bone points, shell 

scrapers, and potsherds. 

• Toalean 2 (or Middle Toalean) characterised by blades and bladelets with marginal 

retouch, arrowheads with rounded bases, and geometric microliths. 

• Toalean 3 (or Lower Toalean) featuring relatively large, crude flakes, flake tools with 

notches and tanged blades ( Heekeren 1972:113-114 ). 

Heekeren's overview of the Toalean culture was that "in general it is a true microlithic 

mdustry; accompanied on occasion by rock-art (negative handstencils on a red 

background, or "mutilated" handstencils and animal representations in profile). The 

people inhabited cave-mouths and rock-shelters in which fresh-water shell concentrations 

occur" (1972:106). Heekeren's view of the Toalean culture as having been practised by 

troglodytes, or prehistoric cave dwellers, reflects the lack of open site surveys. This is 

now to some degree offset by the documentation of ten open sites with either microliths 

or Maros points near Ujung Pandang (Bulbeck 1992; pers.comm.). 

The next major archaeological investigation of the region occurred in 1969 when 

a joint Australian-Indonesian Archaeological Expedition went to South Sulawesi to 

investigate the possibility of prehistoric and historic contacts between this area and 

Australia. The research objectives of this expedition were to further investigate sites 

previously excavated by colonial Dutch archaeologists, to gain where possible stratified 

artefact and faunal collections and charcoal samples for radiocarbon dating, to evaluate 
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the archaeological potential of the region with a view to subsequent fieldwork, and to 

establish contact with Sulawesi administration, officials, and other people who were 

interested in the possibility of future research (Mulvaney &. Soejono 1970:26). Three of 

the sites excavated during this expedition were Leang Burung 1 and Leang Karassa', the 

lithic assemblages from which are detailed in this thesis, and Batu Ejaya. 

Investigation of the material obtained during this expedition has been carried out 

by Chapman (1981) for her Master of Arts research. Chapman's typological analysis 

concentrates particularly on the lithics excavated from Leang Burung 1 and Batu Ejaya, 

although she alludes to the Leang Karassa" material. On the basis of radiocarbon dates 

Chapmans analysis revealed the following sequence from the oldest to the most recent. 

• Leang Burung 1 Trench B: an aceramic assemblage with a few microliths, and 

numerous barbed projectile points with rounded bases- i.e. Maros points. 

• Leang Burung 1 Trench A: a ceramic assemblage with a few Maros points and 

numerous microliths. , •« 

• Batu Ejaya: a pottery rich assemblage lacking Maros points and microliths, but 

generally with larger flakes. 

In some ways the sequence suggested by Chapman is the reverse of that supported by 

Heekeren, but it must be remembered that Chapman's key assemblages cover only the 

middle to late Holocene. > * 

More recent work was carried out in South Sulawesi by Glover who investigated 

a number of Pleistocene and Holocene sites during the 1970's. The more notable include 
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the Upper Pleistocene site of Leang Burung 2 and the Holocene site of Ulu Leang 1. 

Together with Leang Burung 1 these sites represent a virtually continual sequence of 

prehistonc occupation and utilisation of the Leang Leang valley which spans the 

Pleistocene-Holocene divide. In addition to Glover's investigation of assemblages from 

these sites Presland (1980) has also analysed the matenal with a view to recognising 

continuity in Indonesian lithic traditions. In contrast to the colonial Dutch archaeologists 

who based their research on assemblage comparisons and relative chronologies available 

in long-sequenced sites, the investigations by Chapman, Glover, and Presland have 

benefited from access to absolute dating techniques in the form of radiocarbon and 

thermoluminescent dating. Further, Glover's demonstration of a Pleistocene occupation 

of the Maros area documents a long-term cultural foundation to the Toalean, of which 

previous investigators were unaware. 

Glover's excavations at Ulu Leang 1 found a refined version of Heekeren's 

sequence to be applicable, with the "Lower Toalean" dating to the early Holocene, the 

"Middle Toalean" to the early-middle Holocene, and the "Upper Toalean" to the late-

middle Holocene. As Chapman's and Glover"s sequences overlap only for the middle 

Holocene, this is the sole period in direct disagreement. Specifically, Glover and 

Chapman would reverse the order in which microliths as opposed to Maros points were 

emphasised, and Glover dates the introduction of pottery earlier than evidence fi-om 

Leang Burung 1 would suggest. Chapman does acknowledge Glover's case and suggests 

that the distribution of microliths and Maros points at Leang Burung 1 may be related to 
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site use patterns rather than chronology. To quote Chapman, "...male activities such as 

the manufacturing and repair of hunting equipment possibly took place outside the 

shelter. Besides stone tool manufacture and maintenance, the range of tools suggests a 

variety of human activities associated with processing of plants for food, tools or utensils, 

activities more likely to be carried out at a home base than a hunters' temporary camp" 

(1986:81). Since this thesis involves the re-analysis of the lithics studied by Chapman, 

and also includes radiocarbon dates for Leang Karassa' (Chapter 5) which was previously 

undated. Chapman"s results will be considered at a later stage, especially in light of the 

apparent mismatch between the Leang Burung 1 and the upper Ulu Leang 1 sequences. 
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CHAPTER T H R E E 
M E T H O D O L O G Y 

5.1. ATTRIBUTES NOTED 

Sullivan and Rozen's hierarchical key has been modified and elaborated through 

a series of interrelated research programs developed by staff and postgraduate students at 

the Centre of Archaeology, University of Western Australia, dealing with Australian and 

East Asian lithic assemblages. In particular Sandra Bowdler has prepared a sheet of 

standard observations as part of her -Southeast Asian Stone Measuring Project". In 

applying this methodology to Holocene Southeast Asian assemblages, which has not been 

attempted before, the present study relates to a substantial body of comparative 

information, although to undertake such comparisons falls beyond the scope of this study. 

The methodology described in this section refers to original observations made by 

myself for artefacts from Leang Burung 1 Trench B and Leang Karassa', and the 79 

artefacts from Pammangkulang Batua which were brought back to Australia. The 

modifications made to the ideal methodology in order to apply it to the remainder of the 

surface collection from Pammangkulang Batua will be discussed in detail in Chapter 6. 

Debitage categories are recognised on the basis of the presence or absence of the 

following attributes. 
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• Positive percussion features: include features such as the bulb of pjercussion and 

ripple marks. 

• Retouch: is defined by Sullivan and Rozen as "negative features (flake scars) that are 

at least 3mm long and that onginate from any margin except the edge at the 

intersection of the platform and the exterior surface unless flake scars originating 

from this edge intersect the interior surface" (1989:181). 

• Single interior surface: "is indicated by positive percussion features...If these cannot 

be reliably determined or i f there are multiple occurrences of them, a single interior 

surface cannot be discerned" (Sullivan & Rozen 1985:758). 

• Point of applied force: where the bulb of percussion intersects the striking platform. 

• Margins: "are intact i f the distal end exhibits a hinge or feather termination, and i f 

lateral breaks or snaps ( i f present) do not interfere with accurate width 

measurements" (Sullivan & Rozen 1985:759). 

In addition to these attributes the following features were recorded for each piece 

of debitage: 

• Raw material: was recorded under the general categories of fine-grained 

cryptocrystalline, medium grained, coarse grained, volcanic, limestone, or other. The 

colour of each specimen was noted but no more specific identification was attempted. 

• Cortex type and amount were recorded. Primary geological, riverine, and secondary 

weathering varieties were identified and the proportion of the artefact surface covered 

by cortex was classified on a graduated scale. Secondary weathering is regarded as 

the wearing down of the surface of a stone due to exposure to the elements. It is 
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distinguished from primary cortex by being shallow and from riverine cortex by 

lacking a smoothed or rolled surface. 

Flake scars were recorded as being present or absent. Where evident their location 

was noted. 

Evidence of bipolar working was noted for both cores and flakes. In the case of cores 

it was recognised by the presence of crushing or grinding of the raw material at both 

ends, and bipolar flakes were identified on the basis of crushed platforms and/or 

crushing at the distal end. 

Heat treatment of specimens was identified by the presence of surface features such 

as potiids, negative potiid scars, crazing of the surface, and colour change of the raw 

material. * ; ; 

FLAKE ATTRIBUTES ^ 

Striking platform surface was noted in the case of flakes. Four forms were 

recognised. 1. Cortical: is unmodified and has remnants of either geological or 

rivenne primary cortex. 2. Flat: where the platform has been formed by the removal 

of a single flake to produce an even striking surface. 3. Faceted: where multiple 

flakes are removed from the platform resulting in a muhi-faceted striking surface. 4. 

Crushed: identified by the presence of ragged, irregular flake scars or small 

indentation marks on the platform. 

Striking platform type was also recorded for flakes. Three varieties were identified 

based on their dimensions in regard to that of the rmg crack which indicates the point 

of fracture initiation and impact. Wide platforms have an area which is more than 

twice that of the ring crack, focal platforms have an area less than twice that of the 
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ring cracic, and gull-winged platforms have a rmg crack which is located in a dip 

between two crests. 

• Overhang removal "eliminates concavities on adjacent core faces, thereby producing 

a series of short flake scars on the dorsal face of a flake adjacent to the proximal end 

at the striking platform" (Patterson 1983:302). 

• Termination or fractunng form was noted for each flake, these being feather, hinge, 

step, and snap terminations. Feather terminations are distinguished by the gradual 

convergence of the lateral margins to a point. In this form the edges and distal end of 

the flake is usually sharp. A hinge is "a fracture at the distal end of a flake or blade 

which prevents detachment of the flake at its proposed terminal point. A hinge 

fracture terminates the flake at right angles to the longitudinal axis and the break is 

usually rounded or blunt" (Crabtree 1972:93). In contrast step terminations end 

abruptly at a right angle break. The final type is the snap termination which occurs 

where "a crack runnmg near the side face of a nucleus plunges into the distal end, 

detaching part of it with the flake" (Cotterell «fe Kammmga 1990:147). 

CORE ATTRIBUTES 

In addition to the attributes mentioned above, terminations and the presence of a 

worked edge were noted for cores. Termination types represented by negative flake scars 

were identified, but individual negative flake scars were not counted. The flake scars 

were not counted because according to Sullivan and Rozen cores are not debitage. Edge 

damage and/or retouch was considered to indicate a worked edge which was the result of 

utilisation. 
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3,2. CATEGORIES RECOGNISED 

Once each debitage piece was observed for the presence or absence of specific 

attributes it was possible to classify it according to the modified version of Sullivan and 

Rozens hierarchical key (Figure 3.1). Each of these types wil l now be defined. 

• Core: A nodule of stone having at least one negative flake scar and lacking interior 

surfaces. Three classes of cores were recognised. "Single platform cores have 

unidirectional flaking from either a natural or prepared striking platform. Multi-

platform cores have flakes removed from two or more platforms, either prepared or 

natural..." (O'Connor 1990:87). Core fragments, which may also be regarded as 

broken cores, were recognised on the basis of partial negative flake scars. In the case 

where a core had evidence of both complete and partial negative flake scars it was 

distinguished as being a complete specimen i f the number of complete flake scars 

was greater than that of partial scars, and vice versa for core fragments. Another 

category which exists is "single-plane cores" which are recognised where only one or 

at the most two parallel flakes have been removed from a pebble, no such cores were 

present in the assemblages analysed here. 

• Complete flake: A sliver of stone which has been removed from a core and which 

exhibits a striking platform, bulb of force, intact margins, and a complete 

termination. 

• Longitudially broken flake: A flake which exhibits secondary breakage which runs 

parallel to the direction of staking (i.e. in line with the longitudinal axis). It 
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Figure 3.1. Stone Artefact Classification Key (Adapted from Sullivan & Rozen 1985, 
1989). 
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characteristically lacks one of its lateral margins and may be indicated by features 

such as an incomplete striking platform. 

• Transversely broken flake: A flake which exhibits secondary breakage which runs 

horizontally across the flake. Usually the distal (termination) section is missing, but a 

few pieces retaining at least some of the bulb of force but lacking the striking 

platform are also included here. 

• Flake fragment: A portion of a broken flake which lacks the bulb of force and which 

cannot be oriented. It is often characterised by ripples or waves of percussion. 

• Bending flake: complete flakes with concentric ripples on the ventral surface 

characterised, however, by the absence of a bulb of force. The striking platform is 

often diffuse and therefore difficult to distinguish (Cotterell &. Kamminga 1990:142). 

• Debns: Stone which lacks a single interior surface and point of applied force 

(O'Cormor 1990:87). Debris which appears to be the undiagnostic product of flaking 

(typically small and of knappable stone) is distinguished from non-artefactual debris, 

i.e. manuports and roof fall. 

Finer classes not included on Figure 3.1 are: 

• Blade: A long, narrow flake with parallel lateral margins and longitudial amses on its 

dorsal surface. It is usually at least twice as long as it is wide. 

• Point: A broad category of specialised or modified flakes which take the form of 

being wider at the proximal end and converging gradually towards a distal point. 
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• Maros point: a point which "is shaped by denticulation and by the removal of small 

continuous flakes along the margins at angles varying from steep to oblique and 

invasive...The hollow base was formed by small, oblique angled, bifacial flaking, and 

is deep in proportion to the overall length of the point" (Chapman 1986:79). 

• Backed microlith: A small artefact which is defined by bidirectional backing along 

one margin. 

• Geometric microlith: A backed microlith which takes the form of a symmetric 

geometrical shape such as a triangle. 

3.3. DESCRIPTIVE STATISTICS 

Surface attributes of artefacts were recognised in conjunction with descriptive 

statistics which were measured using Vernier callipers to the nearest 0.1 of a millimetre. 

With regard to cores oriented length, width, and thickness were recorded where possible 

for single-platform and multi-platform varieties. Here oriented length is taken to mean 

the length of the stone nodule running parallel to the direction of the longest flake scar, 

oriented width runs perpendicular to oriented length on the same face, and oriented 

thickness was taken at right angles to the intersection of these lines. 

For complete flakes and longitudially and transversely broken flakes oriented 

length, width, and thickness were recorded where possible (otherwise maximum metrics 

were recorded). Here oriented length is the distance from the point of percussion to the 

termination, running parallel to the direction of striking. Oriented width is taken at right 
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angles to oriented length, and oriented thickness is measured at the junction of these 

lines. The width and thickness of the striking platform were recorded on flakes along 

with the platform angle which was measured to the nearest 10 degrees using a 

goniometer. The dorsal surface of the flake was placed on the fixed arm of the 

goniometer while the striking platform lied at the point where the moving arm met the 

fixed arm. The moving arm was then positioned against the bulb of percussion to 

measure the platform angle. According to Crabtree the platform angle is "the angle of the 

platform measured from the dorsal to the ventral side. At right angles, or less to the 

longitudinal axis. [The] angle of [the] platform on a flake or blade corresponds with the 

potential platform angle of a core"( 1972:82). Platform angle indicates the direction, or 

angle, from which an individual flake was struck. Retouch on flakes and perimeter length 

were measured to the nearest millimetre using a piece of string. Al l artefacts were 

weighed on an electronic balance to the nearest 0.01 grams. 

3.4. REDUCTION SEQUENCES 

A reduction sequence is the process of knapping a stone nodule through the stages 

of prepared cores to the point of core exhaustion, involving also the manufacture of 

implement blanks and debitage at various stages. Here the term 'sequence" is taken to 

mean a series of continuous, related events which result in a particular outcome. Thus we 

can return to Sullivan and Rozen's (1985:755) stipulation that the manufacture of stone 

artefacts is more realistically seen as a continuum instead of a set of separate, unrelated 

events. In the specific case of stone tool reduction sequences these events are represented 
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in the form of debitage and it is through analysis of these lithic byproducts that 

archaeologists can gain insights into the techniques of stone tool manufacture employed 

by stone knappers in the past. 

The general reduction sequence applied to the lithic assemblages investigated in 

this thesis is a modified version of that proposed by Flenniken and White (1985) which 

deals specifically with Australian flaked stone artefacts. The operational assumption is 

made that the general sequence proposed by Flenniken and WTiite can be applied 

specifically to the Toalean of South Sulawesi. Figure 3.2. illustrates the seven stage 

reduction sequence beginning with the removal of the raw materials from the natural 

environment and ending with their disposal into the archaeological record. 

Stage one involves the selection of raw materials which are most suited to stone 

tool manufacture. Initially this would have been a trial-and-error activity where many 

different tvpes of stone would have been utilised in attempts to produce workable stone 

implements, but eventually certain varieties of stone would have been preferred due to 

their inherent qualities to produce better implements. Once these varieties were identified 

they would have intentionally been sought after and procured more often than poorer 

quality stone, or in the cases where they were rare they would have been highly valued. 

Stage two involves preliminary treatment of a stone nodule to produce a 

workable core. This activity is often represented in the debitage by decortication flakes 

which have more than fifty percent residual cortex, either geological or riverine, on their 
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STAGE 1. 
Selection/procurement of 

raw materials 

STAGE 2. 
Primary core preparation. 

Production of large cores and/or flakes 
which may function as cores. 

Decortication flakes. 

STAGE 3. 
Secondary core preparation. 

Macro-cores broken up into smaller cores and pretreatment 
to produce blades and large linear flakes. 

STAGE 4. 
Production of medium sized flakes and blades. 

• Points are made from 
flake blanks 

STAGE 5. 
Further reduction of cores or flaking of 

larger-sized flakes to produce micro-flakes. 

"" •" • Microlith manufacture. 

STAGE 6. 
Results in exhausted cores/core fragments 

as well as additional artefactual debris. 

STAGE 7. 
Discard of debitage into the 

archaeological record. 

Figure 3.2. Debitage Reduction Sequence. 
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dorsal surface. Stage three involves the further refinement and treatment of these cores 

and the manufacture of blades and linear flakes. Linear flakes are elongated like blades 

but they lack arrises on their dorsal surface. Stage four also involves the continuation of 

blade manufacture and the manufacture of medium sized flakes. Some of the flakes may 

be refined and retouched to make points during this stage. Stage five comprises the 

manufacture of smaller sized artefacts, wether they are flakes or microliths. 

Stage six and seven involve the discard of completely exhausted cores, which are 

no longer practical to work, and debitage into the archaeological record. The cycle then 

starts over again with the procurement of a new supply of raw materials and the 

manufacture of stone implements. 
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C H A P T E R FOUR 
LEANG BURUNG 1 

4.1. MAJOR LEANG LEANG VALLEY SITES 

Leang Burung 1 is a cave site situated on the alluvial plain adjacent to the Leang-

Leang stream which runs through Tompokbalang ("High Swamp") to join up with the 

Bantimurung stream and then the Bone-Bone river (MacDonald 1976). The site, which 

has a north-westerly aspect, was excavated in 1969 by Mulvaney and Soejono as part of 

the joint Australian-Indonesian Expedition to South Sulawesi. Dating of samples from 

two trenches (Trench A and Trench B) suggests a middle to late Holocene age for the 

site. A total of nine radiocarbon dates for the site have been obtained from bone and 

charcoal, as presented below. 

Trench Lab. number Material Provenance Remarks Uncorrected 
date (BP) 

A ANU-6172 Unbumt 
bone 

Sqs.1-5, Spits 
1-11 

Collagen 
Fraction 

1160±200 

A ANU-6174(a) Burnt bone Sq. 3 Spits 3 
and 4 

Collagen 
Fraction 

1660±190 

A ANU-6I74(b) Burnt bone Sq. 3 Spits 3 
and 4 

Apatite 
Fraction 

640±240 

A ANU-6173(a) Burnt bone Sq. 4 Spits 6, 
8, 12 

Collagen 
Fraction 

2260±90 

A ANU-6173(b) Burnt bone Sq. 4 Spits 6, 
8, 12 

Apatite 
Fraction 

1660±190 

A ANU-391 Charcoal Sq. 3 Spit 16 2820±210 
B ANU-390 Charcoal 130-150 cm 

deep 
34201412 

B ANU-6175 Burnt bone 80-150 cm 
deep 

Apatite 
Fraction 

46101220 

B ANU-1624 Charcoal 150 cm deep 48801480 
Table 4.1 Dates obtained for Leang Burung I . (Adapted from Glover 1976:138, Chapman 

1981, Bulbeck 1992, Bulbeck in prep.). 
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The site has been disturbed by torrential rains, and activities such as quarrying of 

the limestone in the cave and collection of soil for fertiliser (Chapman 1981:33). 

Although Chapman also proposes that looting of Chinese ceramics occurred at Leang 

Burung 1, only three fragments of tradeware ceramics were excavated (1981:101), and 

the radiocarbon dates obtained for collagen fractions from the bone all pre-date the 

twelfth and thirteenth centuries when tradewares first arrived in South Sulawesi in 

significant numbers (Bulbeck 1992:Chapter 13). The archaeological matenal and dates 

from this site together with the neighbouring sites of Leang Burung 2 and Ulu Leang 1 

combine to produce an almost continuous occupation sequence for the region which 

spans the Pleistocene and the Holocene. 

Leang Burung 2 was excavated in 1975 by Glover who had returned to South 

Sulawesi to further investigate "problems in the stratigraphy, chronology, and 

interrelationships of various prehistoric cave deposits which had been located and 

excavated in 1969..." (Glover 1978:61). Radiocarbon dates ranging between 19,000 and 

31,000 years ago have been obtained from freshwater shells. The general character of the 

cultural assemblage from Leang Burung 2 has been descnbed by Glover as "quite 

different from anything encountered at other sites around Tompokbalang. There was no 

pottery, other than in the recent disturbances, and no Maros points, backed blades, 

geometries or bone points were found..." (1981:12). 

Ulu Leang 1 is a cave site which was also excavated as part of the 1969 

Australian-Indonesian Expedition and then re-excavated in 1973 in order to clarify 
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stratigraphy, and to collect dating and botanical samples (Glover & Presland 1985:189). 

Radiocarbon dating was carried out on nine samples of charcoal and freshwater shell. 

The results, which range from 10,500 to 3,500 years ago, do not show any inversions and 

are highly correlated with the depth of the deposits (Glover & Presland 1985:188). The 

assemblage shows a change from a component lacking Maros points, backed bladelets, 

and geometric microliths in the lower levels to one including these tools and ceramics in 

the uppermost levels. 

In summary. Late Pleistocene occupation (until the glacial maximum in 

Australian terms) is represented by Leang Burung 2, early Holocene occupation by the 

lower levels of Ulu Leang I , middle Holocene occupation is best represented by Leang 

Burung Trench B, and late Holocene prehistoric occupation is represented by Leang 

Burung 1 Trench A and the upper levels of Ulu Leang 1. The middle Holocene, in 

particular, is a period when new implements were added to the existing technological 

repertoire and when ceramics appear in the region. 

4.2. THE EXCAVATION AT LEANG BURUNG 1 

A total of three trenches were excavated using standard 1 x 1 metre units (Figure 

4.1). The site was excavated using artificial, horizontal spits due to the stratas' not being 

well defined, and because of disturbance in the uppermost layers of deposit caused by the 

infilling of recent potholes added to earlier disturbance caused by a number of human 

and animal burials. On the basis of my examination of the stratigraphic sections the spits 



Figure 4.1. Site plan of Leang Burung 1. 

(Adapted from Chapman 1981). 
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do not appear to have been always excavated at a consistent, uniform depth. The deposit 

was sieved at the site with 6mm. sieves, and this coarse sieve size is almost certainly 

responsible for the lack of microdebitage in the lithic assemblage from Trench B. 

Chapman notes that "...a great quantity of deposit at Leang Burung 1 had been 

removed from the cave floor prior to excavation in 1969, and the remaining deposit is 

now only a remnant. The size of the artefact population sampled by the archaeological 

excavations is unknowable...All the collections examined have to be regarded as 

uncontrolled samples of populations of unknown size" (1981:38-39). This judgement 

may be too pessimistic for the deposits from Trench B are chronologically controlled to a 

reasonable degree given the virtual absence of ceramics, the lack of a pre-microlithic 

component, and the middle Holocene dates already mentioned (cf. Chapman 1981). Any 

previous removal of Leang Burung deposits is irrelevant to the question of whether the 

Trench B deposits are an uncontaminated record of the middle Holocene lithic 

technology. The assemblage can be taken as a sample of lithic activities undertaken at a 

cave mouth in the Leang Leang valley over a period apparently spanning two to three 

millennia. 

Trench A was oriented downslope in a northwesterly direction starting at the rear 

of the cave. This trench was excavated to determine the degree of sediment disturbance 

within the cave itself The trench consisted of eight squares which reached a maximum 

depth of nearly four metres (Chapman 1986:76). In addition to this what Chapman refers 

to as an 'Exploratory' trench of six squares excavated to a depth of one metre was dug 
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(1981:19). This trench was excavated prior to the commencement of recording any 

details. 

Trench B, which is the excavation unit of most significance here, was located 

downslope to Trench A and outside the cave. The primary reason for excavating in this 

zone was to investigate the in situ midden or mound of shelly deposit which was located 

in this area. A total of five squares were excavated to depths which varied according to 

the topography of the base of the trench. The maximum depth reached was 

approximately two metres (Chapman 1981:28). 

The final excavation unit was Trench C which consisted of four squares that 

linked A and B in order to test stratigraphic continuity. "Trench C, then, links the 

features which were observed [in] adjacent section[s] in Trenches A and B, and 

demonstrated that there was no stratigraphic discontinuity between the upper deposits in 

A and B. It also demonstrated that the lower levels in Trench B were stratigraphically 

older than the deposit in A " (Chapman 1981:32-33). However, Chapman does not 

document her claim for stratigraphic continuity between the upper levels of Trench A 

and B. Rather, examination of the stratigraphic sections for these Trenches reveals 

continuit\ of the "grey zone" or middle stratum of Trench A which can be traced along 

Trench C into the upper levels of Trench B (Figure 4.3). Since Trench C was relatively 

shallow, reaching a maximum depth of approximately 70 centimetres, it cannot address 

the issue of stratigraphic continuity between the lower levels of Trench A and B. 
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Figure 4.2 Schematic stratigraphy of Leang Burung 1 (Adapted from Chapman 1981). 

S O U T H 

B A S T W A L L 

Figure 4.4 Debitage concentration zone in Trench B, Leang Burung 1. 
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However, the radiocarbon dates suggest that most of the deposits in Trench B predate 

those in Trench A, as is supported by the stratigraphic position of the grey zone in these 

trenches. 

4.3. BURIALS : : 

Two types of burial were discovered in Trench B. The first was of a goat which is 

evidenced in the eastern wall of Square 5, and the other was of human skeletal remains 

consisting of unbumt, burnt, and pre-fossilised bone in the remaining squares. The goat 

burial, which is recent, extended from approximately 35 centimetres below the surface in 

the eastern comer to one metre in the northern comer of the eastem wall of Square 5 

(Chapman 1986:31). 

With regard to the human remains a single bumt specimen, in this case an upper 

medial incisor, was found in spit 4 of Square 5. According to Grejvall (1969) cremation 

of a skeleton usually results in teeth bursting open. Since this specimen is intact it can be 

inferred that it has not come from a human cremation and, on the basis of being well 

worn, it is probably an adult tooth rather than an adolescent's which might have been 

extracted through ritual tooth evulsion (Bulbeck in prep.) This isolated tooth is spatially 

separated from the pre-fossilised human bone found in squares 1 to 4. The provenance of 

the tooth below the goat burial means that it cannot be attributed to this recent 

disturbance. 
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An unbumt fresh specimen identified as a maxillary fragment containing some 

teeth was also discovered; however, it is unprovenanced and could well be a surface find. 

15 fragments of pre-fossilised bone including cranial fi-agments, vertebrae, and limb bone 

fragments considered to represent a single inhumation (Bulbeck 1992: Chapter 13) were 

also found. This human burial is probably of a middle-aged to old adult male. The 

dispersal of the fragments suggests the burial was in an extended position with the head 

to the east (the junction of squares 2 and 3), one arm at the side (evidenced in square 2), 

and legs and feet at the west (junction of squares 1 and 2). However, some degree of 

localised disturbance is indicated by the spotty representation of vertebra fragments at 

both extremes of the skeleton, and the generally very incomplete representations of the 

skeleton (Bulbeck in prep.). On the basis of radiocarbon dating (Table 4.1) the estimate 

for the age of the burial is 4,610 BP (uncalibrated). 

4.4. TRENCH B STRATIGRAPHIC INTERPRETATION* 

The uppermost, albeit discontinuous, layer consists of a grey zone which is 

apparently disturbed in places by potholes which have been infilled with a fine sand or 

powdery sediment to an approximate depth of 50 centimetres. The grey zone containing 

rocks and mbble is interlaced by discontinuous bands of shelly deposit. It was the shelly 

layer which yielded the majority of cultural and faunal matenal. The lowermost deposit 

took the form of an intermittent brown sandy matrix (Figure 4.3.). 

In contrast to the other two trenches the stratigraphy of Trench B lacked a white 



d = shelly deposit 
g = fine sand 

= rock 

^ = rock fi^gments 

Figure 4 3. Stratigraphic section of Trench B, Leang Burung \( Adapted from Chapman 1981). 
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rubble layer in the uppermost levels. It may be presumed that this stratum is most 

probably the result of roof fall and, since Trench B is located beyond the line of roof 

overhang, a roof-fall layer would not be expected. 

The horizontal and vertical distribution of debitage categories represented in 

Trench B is presented in Appendix A. In terms of stratigraphy the main concentration of 

artefacts occurs parallel to (but above) the human burial approximately 50 centimetres 

below the surface of Squares 1 to 3 and then slopes downwards with the prevailing slope 

of the deposit to roughly 50 to 60 centimetres below the top levels of these squares 

(Figure 4.4). 

4.5. PREVIOUS ANALYSIS OF LEANG BURUNG 1 LITHICS 

In 1981 Chapman examined the lithics yielded by both Trenches A and B. She 

states that 'The excavation of Leang Burung 1 yielded a total of 10,554 stone artefacts, 

including 586 retouched and used pieces representing 5.6% of the total" (1986:77). It is 

these tools which were analysed by Chapman and a consideration of the debitage, which 

constitutes the bulk of the lithics from the site, is limited to a few paragraphs or to a 

count of flaked stone waste graded on the basis of dimension (1981:99). In the section 

dealing with debitage analysis Chapman specifically discusses blades which she sees as 

"only a minor element" (1986:81) and she tends to neglect a consideration of "waste 

flakes" which account for approximately 90% of the debitage from Leang Burung 1. 



44 

Dealing specifically with the lithic assemblage from Trench B Chapman notes the 

existence of 167 tools and 2,693 unmodified pieces (1981:40). Tools are divided into the 

following groups: microliths, Maros points, miscellaneous points, steep-edge and fine-

edge scrapers, glossed flakes, and retouched flakes. For Trench B Chapman recognises 

10 microliths, 24 Maros points, 24 miscellaneous points, 10 steep-edge scrapers, 11 fine-

edge scrapers, and 52 glossed flakes, while retouched artefacts were not counted 

(1986:78). Retouched artefacts are regarded by Chapman as unfinished tools, but she 

does not explain this interpretation nor why they were not counted. 

It is necessary to point out that the lithics from some spits of Trench B were not 

recovered from the ANU archaeology compactus for sending to Perth. From Square 2 

spits 14 and 15 are missing, while spit 16 is missing from Square 3. The small quantity of 

lithics involved does not however account for the major discrepancy between the formal 

tool counts I recognised and those provided by Chapman. For instance I found only 12 

""miscellaneous points" compared to Chapman's 24, two microliths compared to 

Chapmans 10, and no Maros points at all. The Maros points have definitely been kept in 

Canberra as part of a teaching collection, as Peter Bellwood pointed out to David 

Bulbeck, and this explanation would appear to apply to nearly all of Chapman's formal 

types. Hence all formal tools recognised here have probably come from Chapman's 

"retouched artefacf category. Not inspecting Chapman's formal tools is not a serious 

omission as her study satisfactorily covered the typological analysis while this analysis is 

focusing on debitage. Table 4.2 illustrates the representation of debitage and some non-



M-P. 
CORE 

S-P 
CORE 

CORE 
FRAG. 

CF LBF L/ 
T 

BF 

TBF FF END. 
FLK. 

BLADE/ 
FRAG. 

POINT/ 
FRAG. 

GEO. 
ML 

FT. 
(MI.) 

A-
DEB 

N-A 
DEB 

SQ.l 32 32 59 113 35 1 28 120 2 1 1 23 141 588 
SQ.2 53 32 127 209 90 1 47 116 1 9 82 767 
SQ.3 48 31 91 218 63 2 33 120 6 1 2 80 172 867 
SQ.4 17 28 44 95 21 21 36 1 3 1 23 50 340 
SQ.5 25 28 67 154 46 12 55 2 2 2 22 78 493 

175 151 388 789 255 4 141 447 3 8 6 2 6 157 523 3055 

K E Y . 

M-P CORE: Multi-platform core. 
S-P CORE: Single-platform core. 
CORE FRAG.: Core fragment. 
CF: Complete flake. 
LBF: Longitudially broken flake. 
TBF: Transvesely broken flake. 
FF: Flake fragment. 
BND. FLK.: Bending flake. 
BLADE/ FRAG.: Blade or blade fragment. 
POINT/ FRAG.: Point or point fragment. 
GEO. ML.: Geometric microlith. 
PT. (ML).: Microlithic point. 
A-DEB.: Artefactual debris. 
N-A DEB.: Non-Artefactual debris. 

L/TBF.: Longitudially & Transversely Broken flake. 

Table 4.2 Leang Burungl, Trench B: Debitage distribution across the transect. 
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debitage categories, on the basis of their distribution in each square (See Appendix A and 

B for details). 

From her rather limited debitage analysis Chapman proposes that manufacturing 

technology' at the site was "directed to the production of small tools, predominantly on 

flake blanks" (1986:81), a conclusion based primarily on the analysis of formal tools. In 

contrast this thesis will present an analysis of debitage from Trench B in order to identify 

lithic technologies represented at Leang Burung I . The results can be seen as a test of the 

hypothesis raised by Chapman. 

4.6. DEBITAGE ANALYSIS 

A variety of raw materials are represented in the debitage from Trench B. 

Cryptocrystalline lithics account for 85% of the total artefactual assemblage. In fact, 90% 

of cores and core fragments are cryptocrystalline while approximately 82% of complete 

and partial flakes, points, blades, and microliths are manufactured on such fine grained 

varieties. A range of colours is represented including various hues of brown, grey, cream, 

black, and red. Brown and grey forms account for nearly two thirds of cryptocrystalline 

specimens in the assemblage. Ranging from the most to the least represented the 

remainder of the assemblage consists of medium grained, volcanic, limestone, and coarse 

grained lithologies. 

The variety of lithic materials represented suggests that a combination of different 



47 

raw material sources was being utilised by the knappers. Both complete and broken river 

cobbles of medium grained and volcanic forms are distributed throughout Trench B. 

According to Chapman (1986:77), the waterwom riverine cortex suggests that they may 

have been sourced from the Leang-Leang tributary which runs adjacent to the site, and 

they probably functioned as hammer and anvil stones used to directly fracture a core or 

nodule. Also, even though the flaking quality of limestone is not as good as 

cryptocrystalline varieties it was utilised by the Leang Burung 1 knappers. An acid test on 

one piece confirmed its status as limestone, while these pieces' relatively good flaking 

properties possibly suggest a low grade of local metamorphosis. Since Leang Burung 1 is 

located in a limestone karst region it seems more likely than not that limestone would 

have been procured from the walls of Leang Burung 1 itself, or one of the adjacent karst 

faces. . 

On the basis of the type of cortex evident on cryptocrystalline artefacts it can be 

seen that two sources were being utilised. By far the dominant source appears to have 

been residual outcrops or nodules interspersed in the limestone, as is evidenced by the 

dominance of geological cortex on cryptocrystalline artefacts. This source appears to 

have been supplemented, on rare occasions, by a secondary source of cryptocrvstalline 

river cobbles from the nearby stream. 

Cores and core fragments constitute approximately 30% of the debitage from 

Trench B. Exact proportions are 7% multi-platform and 6% single-platform cores, and 
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17% core fragments. Al l raw material types are represented with cryptocrystalline 

varieties accoxmting for 90% of the cores and fragments, as mentioned previously. 

Only 24 instances of heat treated cores have been identified on the basis of 

negative potiid scars and crazing, and every specimen is of cryptocrystalline material. 

According to Luedtke (1992:99) thermal pretreatment would have involved the stone 

being "subjected to slowly increasmg heat until an optimal temperature is reached, kept 

at that temperature for some period of time, and then slowly cooled". It is during the 

heating stage of this process that potiids and negative potiid scars form as the result of 

expansion. 

Grey and black cryptocrystalline variants account for nearly 80% of the heat 

treated cores, which stands in contrast to the observation that hwvm cryptocrystalline 

material generally predominates in the debitage assemblage. A possible reason to explain 

this could be that since brown cherts are the most common the knappers were more 

familiar with their specific fracturing characteristics and hence they did not have to alter 

them using heat treatment. On the other hand, the knappers may not have been as 

accustomed to working with the rarer grey and black varieties of chert but also 

recognised the value of heating them to improve their fracturing characteristics. Also 

there is the possibility that heat treatment may darken the stone, making brown 

cryptocrystalline turn grey and/or black. The fact that only negative potiid scars were 

identified on heat treated specimens, and potiids were lacking, suggests that raw 
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matenals were not heated at the site itself but at another location. 

A total of 17 bipolar cores, including three core fragments, have been identified 

from the Trench B lithic assemblage, the majority of which were recovered from Square 

5 which exhibited a cluster in spit 3. Thus bipolar cores and core fragments account for a 

mere 2°̂ o of the cores and fragments in the assemblage. As with the heat treated cores, all 

bipolar cores are of cryptocrystalline stone, with brown and grey varieties accounting for 

82%. As regards size comparisons (Table B.3), the tiny samples of bipolar muhi-platform 

cores and core fragments have dimensions larger than those for all multi-platform cores 

and core fragments, while with the single-platform cores the bipolar examples are 

slightly smaller than all single-platform cores, and significantly smaller in length (t = -

2.118, 2-tailed t-test, 161 degrees of freedom, 0.02 < p < 0.005). Overall, any tendency 

for bipolar cores to be smaller than other cores in the assemblage is mild and 

inconsistent, just as the very low bipolar ratio (1:50) argues against any systematic 

practice of reverting to bipolar flaking before the cores were discarded. Only nine 

definite bipolar flakes were identified, six of brown chert, one of grey chert, one of red 

chert, and one of volcanic material, found in Squares 1, 2, and 3 only. These observations 

qualify Chapman's statement (1981:98) that economic use of raw materials was 

occumng at the site because the use of the bipolar flaking technique on an isotropic 

matenal such as cryptocrystalline stone allowed the production of large numbers of small 

sharp flakes from small cores. Clearly, the predominant form of manufacture practised at 

the site would have been direct percussion flaking. 
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Thus, a sequence of core reduction may be proposed on the basis of the evidence 

just mentioned. Suitable raw materials would have been procured from outcrops or from 

nodules embedded in limestone, and occasionally cobbles would have been gathered 

from the nearby water courses and bought back to the cave. Initially the larger cores may 

have undergone some form of primary preparation where they were broken up into 

smaller nodules using a hammerstone so that they were easier to handle. Based on the 

fact that only 68, or 4%, of the total flakes and fragments exhibited more than 50% 

primary cortex (Table B.2), it may be suggested that preliminary core preparation took 

place at another location rather than at Leang Burung 1 itself. As the cores became 

progressively smaller with continued flaking the knappers may have occasionally 

resorted to using the bipolar technique in order to continue knapping until the cores were 

exhausted. . . , 

Cores may have been lost, or stashed but then forgotten, or discarded because of 

perceived flaws, or because they were exhausted. Another possible avenue is use as tools: 

134 cores and fragments exhibit evidence of a worked edge. 46% of these are core 

fragments. 28% are single-platform cores, and 26% are multi-platform cores. Since the 

cores exhibiting utilisation hardly differ in size compared to those which were not 

utilised (the only significant difference between utilised and all cores at p < 0.05 involves 

multi-platform core lengths, where the utilised cores are longer - c f Table B.3) it may be 

suggested that cores could have started functioning as core tools at any stage in the 

reduction sequence. In further support of this contention, note that a core could have 

functioned as a tool and then been rejuvenated as a core, thus removing the evidence of 
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its utilisation. 

The remainder of the debitage consists of 789 complete, 400 broken, and 447 

fragmented flakes. Information regarding the methods of tool manufacture practised at 

Leang Burung 1 can be gained fi-om an investigation of striking platform characteristics. 

The predominant platform surface type is the flat variety which accounts for 60% of all 

striking platforms represented, while faceted platforms represent 20%, cortical 10%, and 

crushed 10%. The predominance of flat and faceted platforms, over cortical and crushed 

platforms, indicates the occurrence of core preparation preliminary to flake knapping, 

which accordingly was planned rather than opportunistic. 

According to Patterson (1983:301), controlled flake production is usually 

represented in a debitage assemblage by a combination of flat striking platforms and 

platform angles of less than 90°. Analysis of the Leang Burung I , Trench B debitage 

clearly supports Patterson's statement as 97% of the flakes with a flat striking platform 

have a platform angle of 90° or less. Thus it may be inferred that planned flaking was 

occurring at the site. Faceted platforms may also be indicative of core preparation and 

controlled flaking. For example, i f a core was rounded in shape it is likely that before 

controlled flakes could be struck from it, the stone knapper would have made the core 

easier to handle by removing preparatory flakes by percussion. Once this had been 

achieved the faceted surface of the core would have made flaking, either by percussion or 

pressure application, easier. Patterson also considers overhang removal to be indicative 
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of striking platform preparation (1983:302). In the Leang Burung 1 assemblage this form 

of platform preparation is evident on only 19% of flakes, of which 78% of cases are on 

artefacts with flat or faceted platforms. 

Evidence which suggests that flaking was occurring at Leang Burung 1 using 

percussion is in the form of crushed striking platforms which constitute 10% of the 

platforms observed. To quote Patterson, "This can take the form of complete or partial 

crushing of the residual striking platform on a flake, or the crushing down of the dorsal 

face from the striking platform" (1983:300). Complete flakes with crushed platforms are 

generally smaller than other flakes (Table B.7) and they do not have more cortex present 

(Table B.9), thus they can not be attnbuted to an early stage of core reduction. 

It appears that the Leang Burung 1 debitage was produced by both hard and soft 

hammer percussion. Percussion using a hard hammer may be indicated during the 

initiation phase of flake formation by a Hertzian initiation which can be identified by a 

platform angle which is greater that 90° (Cotterell & Kamminga 1987:687). 74 

specimens exhibiting obtuse platform angles have been identified in the Leang Burung 1, 

Trench B debitage. The presence of a few bending flakes indicates that the knappers 

were also occasionally practising soft hammer percussion (or possibly pressure flaking) 

using a punch made of wood, bone, or antler (cf. Cotterell & Kamminga 1987:690). 

Flake terminations can also serve as clues to the manufacturing technique 

involved in producing a lithic assemblage. The hinge termination is the most commonly 
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represented in Trench B where it occurs on 44% of complete flake artefacts. To quote 

Cotterell and Kamminga, "Hinge terminations occur on flakes from a flattish surface of a 

nucleus. The reason for this is that the width of the developing flake increases, thereby 

requiring more energy to keep the crack propagating. I f this energy is not available, the 

velocity of crack propagation decreases, giving time for a hinge termination to form" 

(1987:701). Cotterell and Kamminga also state that in most cases hinge terminations are 

undesirable while snap terminations are the most common result of tool manufacture 

(1987:701). The observation that 44% of terminations are hinges and only 2% are snaps, 

together with the low proportion of formal tools in the debitage, would suggest that lithic 

technology at the site may have been directed mainly towards the knapping of cores to 

produce flakes, which were then refined and reworked into formal tools as required 

elsewhere, rather than the direct manufacturing of tools. 

However, on the basis of lithic experimentation Prentiss and Romanski (1989:92) 

have suggested that tool production assemblages tend to be characterised by many 

complete flakes, and medial and distal flake fragments, and moderate numbers of broken 

flakes, while non-orientable fragments (debris) are few. On the other hand assemblages 

mdicative of core reduction feature moderate numbers of complete and broken flakes as 

well as medial and distal fragments, but numerous non-orientable fragments. The 

application of their model to the Leang Burung 1 debitage is supported by the fact that 

debitage produced during their experimentation was sieved through quarter-inch 

(approximately 6mm) hardware cloth, which is comparable to the sieves used in the 
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Leang Leang valley excavations. Prentiss and Romanski do not specifically indicate the 

relative proportions of orientable to non-orientable flaked pieces which allow these two 

types of assemblages to be distinguished. However, the debitage from Trench B of Leang 

Burung 1 (Table 4.2) contains a very high ratio of orientable pieces (1636) to artefactual 

debris (157), thus conforming with the tool-production model proposed by the authors. 

To acconunodate the seeming conflict between this evidence and the flake terminations, 

the Leang Burung 1 debitage may have been the result of both core reduction and tool 

production. That is cores were reduced to produce flakes which were then often used as 

blanks in the manufacture of formal tools. 

4.7. FORMAL TOOLS AND DISCUSSION 

Formal tools identified here include retouched pieces, blades, points, and 

geometric microliths. 98 artefacts exhibited marginal retouch, of which 42 were 

categorised as complete flakes, 24 as longitudinally broken flakes, 14 as transversely 

broken flakes, 13 as flake fragments, three as points, and two as geometric microliths. 

Where orientation could be determined retouch on only the left lateral margin was the 

most common (32?/o) followed by the right lateral margin only (26%). 

Eight blades and fragments were identified which displayed the standard features 

of parallel arrises on their dorsal side, and length being twice the width. Six were made 

of a cryptocrystalline material, while two were limestone. None had marginal retouch. 
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Figure 4.5 Formal tools from Leang Burung 1, Trench B. 
a.Point, b.Microlithic point, c. Geometric microlith. 
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The small collection of blades together with the fact that no blade cores were found 

supports the scenario that tools were manufactured from flake preforms. 

12 points, 25% of which exhibited marginal retouch, were recognised in the 

debitage from Trench B (See Figure 4.5). Two classes of points are recognised, small 

points being referred to as microlithic, while the remainder are labelled only as points 

(Table 4.2). 

Two bi-directionally retouched geometric microliths were recognised, both made 

of cryptocrystalline material. Neither has surfacial evidence to suggest that they were 

ongmally backed blades, rather they appear to have been fashioned from flakes. I was 

unable to find any evidence of stages in microlith manufacture from the debitage, either. 

This agrees with Chapman's statement concerning the Leang Burung 1 debitage as a 

whole that "The dorsal ridge patterns did not suggest that microliths were manufactured 

on blades produced by a well controlled blade technology...It seems probable that thick 

flakes provided the manufacturing blanks for the microliths" (1986:78). 

Analysis revealed that 67 flaked pieces have evidence of heat treatment, of which 

only two are formal tools (one point and one geometric microlith). The remainder 

consists of 31 complete flakes, 25 flake fragments, 5 transversely broken flakes, and 4 
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longitudially broken flakes. Thus the approximate proportion of heated flakes and formal 

tools is 1 in 20, which is not significantly different to that observed in cores of 

approximately 1 in 25. 

At this stage we return to Chapman's statement that her debitage analysis 

suggested "a stone working technology directed to the production of small tools, 

predominantly on flake blanks" (1986:81), treated here as a hypothesis. Al l the results 

presented above support the hypothesis; however, it must be remembered that less than a 

third of the debitage yielded during the excavation of Leang Burung 1 was analysed here. 

Further testing of the hypothesis could be carried out in the future on the remaining two-

thirds of the excavated debitage. 

In the context of discussing the 186:13 ratio of microliths to Maros points in 

Trench A, compared to the 10:24 ratio in Trench B, Chapman also suggested that "male 

activities such as the manufactiu-ing and repair of hunting equipment possibly took place 

outside the shelter" (1986:81). However, analysis of the Trench B debitage here suggests 

only a minor scope for the producfion and maintenance of formal tools. A more likely 

locus, to be tested by debitage analysis, might be Trench A, located within the shelter and 

protection of the cave roof. Indeed Trench A yielded over twice as many formal tools and 

pieces of debitage, as indicated by the totals of 5,862 and 2,235 pieces of debitage and 

382 and 131 formal tools for Trench A and Trench B respectively ( Chapman 1981, 

1986). Further, i f Chapman's suggestion is meant to explain why Maros points occur in 
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higher numbers outside the cave, then presumably it should also explain why microliths 

are concentrated inside the cave under the assumption that microliths reflect women's or 

mixed-gender activities. While the higher counts of formal tools and debitage inside the 

cave do not necessanly controvert Chapman's suggestion there are insufficient grounds 

for assuming that the gender of the Maros point makers is known, or that the 

female/mixed gender activities would have occurred mainly inside the cave. To quote 

Bird in the Australian context, "It is difficult to generalise with confidence about the 

extent to which stone artefacts can be assumed to be the signatures' of male rather than 

female activities. The lithic archaeological record carries information about activities; 

we should be cautious about inferring how these activities were distributed by gender on 

the basis of simplistic assumptions based on inadequate ethnographic analogies" 

(1993:27) 
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C H A P T E R F I V E 
L E A N G KARASSA' 

5.1. THE SITE 

Leang Karassa' (Figure 5.1) is located adjacent to the Sungai Taddaiang (a 

braided stream) approximately twenty kilometres from Maros in the limestone karst 

region of the Patunuang Asue valley. The site was originally excavated by Heekeren m 

1936 and the presentation of his results is limited to a single paragraph in The Stone Age 

of Indonesia (1972). Heekeren (1972:110-111) states that "The Karassa' Cave is a 

spacious rockshelter which partly inclines over the road. Its deposits consisted mainly of 

river-sand, freshwater molluscs and ash. The shells formed a definite layer, 100 cm. thick 

and containing many prehistoric implements, and the layer was cemented to the rear 

wall. The stone tools were made of volcanic rock, chalcedony and jasper: bone tools 

were scarce." In addition to the scarcity of bone implements Heekeren's analysis of the 

cultural assemblage failed to reveal any geometric microliths or hollow-based Maros 

points. It was on this basis that van Heekeren assigned Leang Karassa' to his Toalean 3, 

or early phase, to which he also attributed relatively large, crude flakes, as well as 

notched flake tools and tanged blades (1972:114). According to the now available dates 

from Leang Leang, Leang Karassa' would be an early Holocene site comparable to the 

lower levels of Ulu Leang 1, an interpretation tentatively endorsed by Glover (1978:69) 

and Chapman (1981:162). 
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Figure 5.1. Site plan of Leang Karassa' (Adapted from Rahman & Albertinus 1991). 
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Plate 5.2 View looking out from Leang Karassa': Camba Road and Sungai Taddiang m 
the foregroimd. * 



5.2. THE 1969 EXCAVATION 
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Further excavation at Leang Karassa' occurred in 1969 as part of the Australian-

Indonesian Archaeological Expedition to South Sulawesi. It was dug over a period of two 

days in August of that year by Campbell Macknight and a local farmer who had been 

assisting in the excavations at Leang Burung 1. According to Macknight (and Glover 

1978:69) the site's deposits were disturbed due to the construction of the Camba road 

located just outside the entrance to the shelter. A local informant indicated that further 

disturbance of the site had occurred around 1957 when organic-rich sediments were 

removed from the site to be used as fertiliser (Macknight 1995 pers. comm). 

A total of six 15-centimetre spits were removed across two excavation units, A 

and B . Arbitrary spits were used due to the lack of any clear natural strata. Cutting across 

the junction of the two excavation units is a talus of debris at the base of a mound 

approximately 40 centimetres high. A surface collection of the squares was made prior to 

excavation. The sediment was sieved through simple garden sieves brought from 

Australia with a quarter inch (6mm) mesh No preferential collection strategy occurred as 

all bone and exotic or flaked stones were bagged. Excavation in both squares A and B 

continued down to levels where either bedrock or cemented deposits were struck 

(Macknight 1995 pers. comm.). 

Since one of the major aims of the Australian-Indonesian Archaeological 

Expedition was to collect material for radiocarbon dating, two charcoal samples were 
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collected. One was taken from spit two and one from spit six of Square A, at respective 

depths below the siuface of approximately 15 and 80 centimetres. As part of my project, 

these samples have now been dated thanks to funding provided to David Bulbeck by the 

UWA Department of Anthropology Research and Development Committee. Uncalibrated 

results are 370±50 B.P. (Wk-3824) for the upper sample and 2690±60 B.P. (Wk-3823) 

for the basal sample. 

5.3. STRATIGRAPHY 

Basically four sediment types could be distinguished (Figure 5.2). The surface 

layer consisted of brown deposit which extended to a maximum depth of 15 centimetres. 

An apparently slumped layer of the same deposit covered an earlier, heavily eroded 

surface in Square B. Away from this eroded surface, the brown deposit lay on a black 

greasy or unctuous layer extending from approximately 15 to 30 centimetres below the 

surface. This black layer comes to a vertical break at the north which suggests that a loss 

of deposit has occurred. It was followed by a residual mound of loose brown clayey earth 

which started at a depth of 30 centimetres and extended to the base of the excavation at 

approximately 90 centimetres. Also within this basal zone was a discontinuous layer of 

shelly deposit in the lowermost 20 centimetres of the excavation. Charcoal sample KA2 

was taken from the interface of the surface layer and the black greasy layer, while KA6 

was collected immediately above the loose shelly deposit (Figure 5.3). Sample KA6 

postdates the shelly deposit and is correlated with the 
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Figure 5.2. Stratigraphic section of 1969 excavation unit at Leang Karassa'. 
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Figure 5.3. Arbitrary spits and Radiocarbon charcoal samples in the 1969 excavation unit 
at Leang Karassa'. 
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Plate 5.4 1969 Excavation at Leang Karassa'. 
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commencement of the accumulation of the brown clayey sediment. 

Lithics and earthenware sherds were recovered throughout the excavation (refer 

to Table 5.1). Except for the surface collection the ratio of lithics to potsherds is fairly 

even. Seven fragments of Chinese tradeware were found in the uppermost spits of Square 

A, which have an estimated date of the eighteenth century, with a seventeenth to 

nineteenth century range. These include four porcelain fragments from the same vessel 

decorated with a red underglaze floral design and an overglaze enamelled green design, 

two porcelain fragments of "Kellor" ware with an underglaze blue design, and one glazed 

stoneware fragment (Bulbeck pers. comm.). Corroded metal blades and metal fragments 

were recovered from spit 1 and 3 of Square A. 

A further consideration of the Leang Karassa" stratigraphy and the site's material 

assemblage will be presented at a later stage showing that the spits can be schematically 

divided between disturbed and undisturbed sub-components, as presented in Appendix C. 

Inspection of the data from these sub-components suggests strong similarities in terms of 

metrics and visual attributes, and while there probably are some statistically significant 

differences, these are insignificant to prevent treating the 1969 Leang Karassa' 

assemblage as a single entity. -

5.4.DEBITAGE ANALYSIS 

The 1969 excavation of Leang Karassa' yielded a total of 1,506 pieces of stone. 



LITHIC 
PIECES 

POTSHERDS LITHIC: 
POTSHERD 
RATIO 

CHINESE 
TRADEWARES 

METAL FAUNAL TOTAL 

SURFACE 109 11 10: 1 0 0 4 124 
SQ.A 
SPIT 1 

401 193 2 : 1 1 18 44 657 

SQ.A 
SPIT 2 

163 339 1 :2 6 0 86 594 

SQ.A 
SPITS 

117 120 1 ; 1 0 4 372 613 

SQ.A 
SPIT 4 

27 79 1 :3 0 0 186 292 

SQ.A 
SPITS 

119 129 1 : 1 0 0 294 542 

SQ.A 
SPIT 6 

252 90 3 : 1 0 0 66 408 

SQ.B 
SPIT 4/5 

113 161 1 : 1 0 0 150 424 

SQ.B 
SPIT 6 

205 72 3 : 1 0 0 21 298 

TOTAL 1506 1194 7 22 1223 3952 

*N.B. Ratios are approximates only. 
The Chinese tradeware porcelains date to the seventeenth and eighteenth centuries. 
Faunal remains include shells and teeth. 

Table 5.1. Distribution of archaeological material at Leang Karassa'. 



SURFACE SQ.A SPIT 1 SQ.A SPIT 2 SQ.A 

MULT1 10 23 17 17 
SINGLE 12 25 16 6 
FRAGMENT 0 18 18 14 

COMPLETE 18 40 20 9 
LONG.BROKEN 14 21 11 11 
TRANS.BROKEN 2 23 6 12 
FRAGMENT 15 7 11 8 
BENDING 0 0 0 0 

BLADES^RAGS 0 3 0 

POINTS/FRAGS 1 3 0 0 

GEO. MICROLITH 0 0 1 

ART. DEBRIS 28 96 14 10 
NON-ART.DEBRIS 9 136 45 29 

TOTAL 109 401 163 117 

3 SQ.ASPIT4 SQ.ASPIT5 SQ.A SPIT 6 SQ.B SPIT 4/5 SQ.B SPIT 6 TOTAL 

2 
1 
0 

6 
4 
5 

16 
5 
16 

6 
13 
7 

13 
10 
9 

110 
92 
87 

7 
4 
0 
6 
0 

34 
15 
11 
13 
0 

61 
16 
37 
20 
2 

27 
7 
5 
17 
0 

34 
28 
20 
36 
3 

250 
127 
118 
133 
5 

0 1 5 2 0 20 

0 5 5 1 0 15 

0 0 1 0 0 2 

0 
7 

12 
13 

12 
56 

3 
25 

10 
42 

185 
362 

27 119 252 113 205 1506 

Table 5.2 Distribution of debitage and tool categories at Leang Karassa'. 
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including 547 pieces of debris (Table 5.2). Excluding the debris, the assemblage consists 

of a variety of raw materials with cryptocrystalline, medium grained, volcanic and coarse 

grained types accounting for 80%, 11%, 8%, and 1% respectively. With regard to the 

cryptocrystalline component of the assemblage grey, brown, and cream constitute the 

most common colours. Grey accounts for 34%, brown for 32% and cream for 20%. The 

remainder of the cryptocrystalline raw material is black (5%), banded (5%), and red 

(4%). As discussed below, the raw materials represented at Leang Karassa' were mainly 

sourced from residual nodules embedded in limestone, with a secondary source of river 

cobbles scattered on the bed of the adjacent Sungai Taddaiang. 

Proportions of core types represented in the assemblage are relatively even with 

39% multi-platform, 31% single-platform, and 30% fi^gments. Only 21 out of 289 

artefacts designated as cores or core fragments exhibit evidence of heat treatment; eleven 

of these are cryptocrystalline, eight are medium grained, and two are of a volcanic 

variety. As regards the thermally altered cryptocrystalline cores it is interesting to note 

the slight dominance of various shades of grey material which account for six of the 

eleven heated fme-gramed cores. 

Over half, in fact 57%, of the complete and fragmented cores exhibit some form 

of worked edge. This suggests a strong tendency for cores to have served a dual function, 

not only as nodules to produce flakes but also as core tools. As a final consideration, my 

analysis failed to identity any bipolar cores or fragments, even though 13 complete flakes 

(5.2%) exhibiting evidence of bipolar percussion were found. To accommodate this 
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discrepancy, it might be suggested that bipolar flaking was occasionally practised at 

intermediate stages in core reduction, but direct percussion (reducing the cores further) 

then removed the bipolar facets. 

The remainder of the flaked assemblage consists of 96% complete and 

fragmentary flakes and 4% formal tools. These display both residual and secondary 

cortex in the following proportions: primary geological cortex, 39%; primary riverine 

cortex, a mere 2%; secondary cortex, 51%; absence of cortex, 8% (Tables C.3 and C.4). 

Of the 277 pieces with residual cortex, 34% have less than 25% geological cortex 

covering their surface, 39% have 25-50%, and 22% exhibit over 50% geological cortex, 

whilst the corresponding percentages for riverine cortex are 1.5%, 2.0% and 1.5% 

respectively. The fact that when combined 4 1 % of flake artefacts have primary cortex, 

while 59% have secondary cortex or are lacking cortex of any kind, suggests that the 

majority of the flakes represent middle stages in the reduction sequence. Also, it may be 

suggested that i f primary cortex was generally deep that even pieces knapped dunng the 

later stages of core reduction would retain shallow (apparently secondary) cortex. 

Therefore, due to the high ratio of pieces with cortex to pieces lacking cortex it may be 

assumed that the earlier stages of the reduction sequence dominate the Leang Karassa' 

debitage. • ^ ; . 

On the basis of the amount of primary cortex present debitage can be assigned to 

different stages along the reduction sequence. Decortication flakes are identified by the 

presence of more than 50% surface coverage by primary cortex and are removed from 
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cores during stage two of the reduction sequence. Flakes produced further along the 

sequence, for example in stage three, four, or five (cf. Figure 3.2), have less cortical 

coverage. Thus an inverse relationship exists between reduction stage and amount of 

cortex. With this in mind and based on the proportion of artefacts graded on a scale of 

cortical coverage, the Leang Karassa' debitage assemblage appears to be mainly 

representative of middle stages in the reduction sequence. 

Clues concerning the manufacturing techniques employed in the production of the 

assemblage may be gained by an investigation of platforms and terminations. Of those 

artefacts with a platform present 58% are flat, 22% are faceted, 12% are crushed, and 8% 

are cortical (Tables C.5 and C.6). As these percentages clearly indicate, prepared 

platforms (as indicated by flat and faceted striking surfaces) dominate over cortical 

platforms which indicate lack of platform preparation. As mentioned in the analysis of 

debitage from Leang Burung 1 this distinct patterning suggests that preliminary core 

preparation was occurring and that flake knapping was structured rather than 

opponunistic. 

The practice of structured flaking is further evidenced by the dominance of flat 

platforms on artefacts with platform angles measuring less than or equal to 90°. In fact of 

the 491 artefacts with a platform angle that falls within this range, 58% have flat 

platforms and 21% have faceted platforms (Tables C.7 and C.8). However, the situation 

on artefacts with obtuse striking angles is much the same with flat platforms accounting 

for 52% and faceted platforms accounting for 26%. It is artefacts with striking angles of 
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more than 90° that are supposedly indicative of unstructured flaking, and thus is seems 

plausible to suggest that unprepared or cortical platforms would dominate, but this is not 

the case since cortical platforms make up only 11% of artefacts with obtuse striking 

angles. The lack of a relationship between platform surface and platform angle is 

unexpected since acute angles are usually associated with flat or faceted platforms, and 

obtuse angles with cortical and crushed platforms. Possible reasons to account for this 

anomaly are that the majority of cores procured either had rounded surfaces or were too 

large to knap effectively. As a result nearly all of the cores utilised at Leang Karassa' 

underwent preliminary treatment by the removal of preparatory flakes to produce either 

multiple smaller sized cores, or to produce flat surfaces which made percussion flaking 

easier. This may have been accompanied by a small amount of opportimistic flaking on 

smaller, rounded cores, as indicated by the rarity of artefacts with cortical platforms 

combined with obtuse angles. 

Platform angles of greater than 90° are referred to by Cotterell and Kamminga 

(1987:687) as Hertzian initiations. According to these authors such obtuse platform 

angles are indicative of hard hammer percussion. In the Leang Karassa' debitage 26 

specimens exhibiting Hertzian initiations were recognised, so it may be inferred that 

some form of hard hammer percussion was being practised at the site. On the other hand 

Cotterell and Kamminga consider bending flakes to be the outcome of soft hammer 

percussion or pressure flaking using a punch fashioned out of wood, bone, or antler 

(1987:690). Even though only five bending flakes were identified (Table 5.2), their mere 
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presence suggests that percussion (or less likely pressure flaking) using some form of soft 

hammer occurred occasionally at Leang Karassa'. 

227 instances of overhang removal are identified, 216 of which are on the 495 

complete and fragmented flakes, and 11 on the 35 points and blades. 55% of overhang 

removal is on artefacts with flat platforms, 22% on faceted platforms, 17% on crushed 

platforms, and 6% on cortical platforms. Thus once removed from predominantly 

prepared cores the flakes were further refined by removing the lip of overhang on their 

dorsal face. -

Flake terminations can also serve as indicators of manufacturing technology. In 

the Leang Karassa' debitage the most common form of termination is the step which is 

evident on 40%, followed by the feather and hinge terminations each occurring on 29% 

of the debitage, and finally snaps on the remaining 2% (Tables C. 10 and C. 11). To quote 

Cotterell and Kamminga, "Step terminations leave a step on the nucleus and represent an 

abrupt change in direction of the crack caused by the arrest of the fracture propagation 

for at least a split second of time. There are two varieties: either (a), where the flake 

detaches completely or (b), where part of the flake remains attached to the nucleus" 

(1990:145). Cotterell and Kamminga also state that "Step terminations are caused by 

crack arrest. The crack can arrest either because there is insufficient energy available to 

complete a fracture or because the crack intersects a significant flaw that effectively 

blunts i f (1987:700). Thus it may be suggested that step terminations occur due to flaws 
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in the raw material. 

In accordance with the proportions of raw materials represented in the debitage 

from Leang Karassa', step terminations dominate on cryptocrystalline rock, especially 

brown, grey, and cream varieties. However, 36% of step terminations occur on brown 

cryptocrystalline while the same material accounts for only 32% of the variety of fine

grained material in the complete assemblage. In order to test the statistical significance of 

this discrepancy a chi-square test was performed using termination type and 

cryptocrystalline colour as variables. The results prove that virtually no relationship 

exists between cryptocrystalline variety and termination type. 

Table of observed numbers 

COLOUR FEATHER HINGE STEP SNAP TOTAL 
BROWN 37 40 65 3 145 

GREY 35 38 57 2 132 
CREAM 25 22 39 3 89 
BLACK 5 6 8 0 19 

BANDED 6 6 9 1 22 
RED 5 6 6 0 17 

TOTAL 113 118 184 9 424 

Table of expected numbers 

38.64 40.35 62.92 3.08 
35.18 36.73 57.28 2.8 
23.72 24.77 38.62 1.89 
5.06 5.29 8.24 0.4 
5.86 6.12 9.55 0.47 
4.53 4.73 7.38 0.36 

Degrees of Freedom = 15 
Chi-square = 3.53 

p > 0.975 
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Hinge terminations, which account for 29% of all terminations are, as mentioned 

in the preceding chapter, the result of flakes being struck from a core with flat or angular 

surfaces, and are undesirable for tool making. On the other hand snap terminations (2%) 

are regarded as being the result of tool manufacture. Thus it appears that at Leang 

Karassa', rather than direct tool manufacture, cores were initially reduced to produce 

flakes which were than reworked and refined elsewhere to produce tools. This scenario is 

confirmed by the absence of any blade producing cores in the assemblage which means 

that tools such as points were fashioned from flake blanks. 

As noted in the previous chapter, Prentiss and Romanski (1989) distinguish 

between assemblages derived mainly from tool production, comprising mamly flakes, 

broken flakes and flake termination pieces, and assemblages derived mainly from 

progressive core reduction where non-orientable lithics dominate. Thus, on the basis of 

the 633 orientable and only 185 non-orientable debitage pieces at Leang Karassa" (Table 

5.2), it seems that even though cores were reduced at the site the assemblage was 

directed more towards tool production on flake blanks. 

Only 32 artefacts are retouched, namely 29 pieces of retouched debitage and 

three formal tools (Table C.9). The majority (34%) are retouched on both the left and 

right lateral margins and then the next most common location for retouch is on the right 

lateral margin (24%). A total of 21 artefacts exhibit evidence of heat treatment, of which 

two are formal tools and 19 are pieces of debitage. No potiids were observed, thus it may 
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be suggested that heat treatment of stone occurred at another location rather than at 

Leang Karassa' itself. 

5.5 DISCUSSION 

Lithics distribution across the strata of the excavation units at Leang Karassa' 

shows some interesting variation. A transversely broken Maros point, lacking its point, 

was found in spit I of Square A (Figure 5.4). It fits the definifion of the Maros pomt as 

"shaped by denticulation and by the removal of small continuous flakes along the 

margins at angles varying from steep to oblique and invasive...The hollow base was 

formed by small, oblique angled, bifacial flaking, and is deep in proportion to the overall 

length of the point" (Chapman 1986:79). For instance, on the basis of specimens from 

Leang Burung 1 Chapman considers that the depth of the hollow ranges from two to six 

millimetres. The fragment from Leang Karassa' has a hollow which measures 

approximately five millimetres. Glover (1976:130) presents some metrics for Maros 

points on the basis of his study of artefacts fi-om Leang Leang Valley sites. The points 

typically range from 15 to 25 mm long, 10 to 15 mm wide, and 2 to 5 mm thick. The 

dimensions for the Leang Karassa' fragment are 23.5 mm, 21.0 mm, and 4.2 mm 

respectively. Thus the Leang Karassa' example is large by the usual standards of Maros 

points, especially in its breadth, but the morphology is clear and the dimensions are not 

outlandish. The provenance of the Maros fragment in the uppermost spit of the 

excavation suggests that the depositional sequence is complicated, to say the least, since 
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Figure 5.4. Formal tools from Leang Karassa'. 
a. Maros point fragment, b. Geometric microlith, c. Blade, 

d, e, f: Retouched Points. 
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the main time frame for this artefact type as generally accepted is from 4,600 to 3,000 

years ago (Glover & Presland 1985:192; Presland 1980). Since a date of 370 ± 50 B.P. 

underlies Spit 1, it is extremely unlikely that the Maros point fragment was excavated in 

its original depositional context. 

The distribution of lithics in the Square A spits confirms this suspicion. Spit 3 and 

especially Spit 4, corresponding to the black unctuous layer (Figure 5.2), have very low 

lithic counts (Table 5.1). They are overlain by Spit 2 which strangely combines a higher 

lithic count with six seventeenth century Chinese tradeware sherds, and a circa AD 1600 

date, which is followed by Spit 1 with the highest concentration of lithics in the 

excavated deposits. The implication of a late historic to recent revival of stone knapping 

(for which there would be absolutely no historical nor ethnographic evidence, Bulbeck 

pers. comm.) can be dismissed because of the inclusion of a Maros point. A l l this 

suggests that the uppermost brown layer is recently redeposited prehistoric material, ft 

could have been dumped on the excavated squares' surface during the construction of the 

bypassing Camba road, and/or during the 1957 incident when deposits were removed for 

fertiliser. The high count of lithics in Spit 1, creeping down into Spit 2 (where the brown 

sediments also intrude), reflects the wholesale redeposition of matenals which 

accordingly have lost their primary context altogether. On the other hand, the deposits in 

Spit 3 to 6 (Square A) can be considered in situ and not obviously disturbed, even though 

the matchup with the sections' recognised stratigraphic layers is irregular. 
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The radiocarbon dates indicate that deposition of the brown clayey earth began 

around 2,700 BP., ie. the late Neolithic (cf. Bellwood 1985), with deposition presumably 

continumg into the Early Metal Phase after 2,000 B.P. sealed by the black greasy layer 

which was deposited about 300 years ago. At the base, the loose shelly deposit would 

pre-date 2,700 B.P., not necessarily by a great antiquity given the apparent presence of 

earthenware sherds. Based on my interpretation of the excavated deposits some 

hypotheses can be raised for the expected results of analysis of the earthenwares, a 

project which falls outside the scope of this thesis. Spits 1 and 2 should contain ceramics 

spanning the whole gamut from prehistoric Neolithic sherds to late historical (circa 18th 

centurv) sherds. Spits 3 to 6 in Square A should contain a quite orderly progression from 

the late prehistoric-cum-historical sherds at the top to only Neolithic sherds at the base. 

Further, some hypotheses may be suggested for future excavation of Leang Karassa' in 

terms of its in situ natural layers. These are that the black, greasy sediment layer wall 

contain only historical artefacts, the brown clayey sediment wil l contain the bulk of the 

ceramics and few lithics (especially as iron began to replace stone within the last 

millennium- Chapman 1986:84), and that the basal shelly deposit wil l contain the highest 

concentration of lithics. 

The two geometric microliths found at Leang Karassa' are a complete specimen 

in spit three of Square A (Figure 5.4), and a partial specimen in spit six of the same 

excavation unit. The complete geometric microlith is made of brown cryptocrystalline 

stone while the partial specimen is made of cream cryptocrystalline stone. On the basis of 
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crazing and colour changes the completed tool appears to have been heat treated prior to 

being bi-directionally retouched along its longest margin. According to Glover and 

Presland both Maros points and geometric microliths belong to the microlithic tradition 

which appeared in South Sulawesi approximately 6,000 years ago (1985:193). I f so the 

Leang Karassa' examples would be late, either Neolithic (as apparently at Leang Burung 

1 Trench A) or even Metal Period, with the partial specimen dating to around 2,700 B.P. 

and the complete specimen possibly to the last millennium. 

To conclude we turn to the incongruities between the present analysis of the 

Leang Karassa' lithics and past descriptions of the lithics from the site. On the basis of 

his excavations van Heekeren considered it to be a relatively old Toalean site since he 

found no Maros points in the assemblage. Chapman (1981) also noted their absence from 

the assemblage excavated by Macknight in 1969, that is the same assemblage analysed 

here, along with the absence of geometric microliths and denticulated artefacts. How 

Chapman missed the Maros point fragment and two geometric microliths within the 

assemblage is unclear, but presumably reflects her hasty study of materials which she 

regarded as totally disturbed and lacking any great archaeological value (Chapman 

1981:160). Van Heekeren's interpretation of the assemblage he excavated is not directly 

controverted by the present study, although of course it is disproved as an accurate 

characterisation of the whole site. 
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C H A P T E R SIX 
PAMMANGKULANG BATUA 

6.1. THE SITE 

Pammangkulang Batua (Figure 6.1) is an open site situated approximately 50 

kilometres to the south of Leang Karassa'. The site's assemblage consists of a surface 

collection of 422 lithics which have been assigned to the Toalean, and 39 fragments of 

Chinese whiteware and European ceramics dating to the nineteenth and twentieth 

centuries. 57 earthenware sherds were also observed but there is little reason to associate 

their deposition with the lithics lather than later (historical-period) site use. The artefacts 

were collected in 1987 by David Bulbeck as part of his doctoral research entitled "A Tale 

of Two Kingdoms" (1992), dealing specifically with the eleventh to seventeenth 

centuries in the vicinity of the old city of Macassar (now Ujung Pandang). The specific 

aims of this research were to "reconstruct the evolution of the settlement pattern 

associated with the local ascendancy of Gowa-Tallo...and to relate human occupation to 

particular geomorphological features" (Bulbeck 1986-1987:41-42). For this reason and 

because no open lithic scatters had been reported in the survey area, despite over fifty 

years of prior archaeological research in the general region, no specific familiarisation 

with South Sulawesi lithic assemblages was undertaken prior to fieldwork (Bulbeck 1995 

pers. comm.). -v i 

The site is situated above the east bank of the Jeneberang which is the major river 

of the region, debouching at Ujung Pandang (figure 6.2). To the southwest of the site 
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sawah, or wet rice cultivation, fields abound. The site itself includes sawah fields where 

the rice is sown in the thin layer of topsoil which covers the impermeable rock which 

occurs at the site. It is the presence of the conglomerate outcrop, and recent farming 

activity associated with the gardens around it, that create a strip of semi-exposed to 

exposed land surface within an area of otherwise continual vegetation cover. Bulbeck's 

survey was initially attracted to the site because of reports by local informants that the 

stone had been quarried for the masonry blocks used by the Dutch to build their post of 

Fort Rotterdam in Macassar at the end of the seventeenth century. Evidence of quarrying 

activities at Pammangkulang Batua takes the form of remnant rectangular scars in the 

rock conglomerate, and a few abandoned parallelepiped blocks (Bulbeck 1992:734-736). 

The recent discovery of masonry at the sixteenth to seventeenth century Macassar fort of 

Somba Opu, including blocks whose dimensions closely match those of the abandoned 

blocks at Pammangkulang Batua, suggests the apparently limited quarrying at the site 

provided Somba Opu, not Fort Rotterdam, with its stonework (Bulbeck 1995:4) 

This quarrying activity along with treadage and scuffage, rice tilling, and flooding 

would all have functioned as agents of post-depositional disturbance. Thus it may be 

assumed that the lithics were not found in situ but in secondary deposition. The lithics 

collected "appear originally to have been on the thin soil covenng the conglomerates, 

before being exposed to view by the quarrying" (Bulbeck Fieldnotes). It is most likely 

that the original matrix of the lithics would have been local clay which had built up as a 

result of the rock conglomerates weathering due to repeated exposure to water. 
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Figure 6.1. Site plan of Pammangkulang Batua. 
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GEOLOGICAL FORMATIONS 

Tonasa Formation 
Limestones 
Eocene to Middle Miocene 

Camba Formation 
Marina sedimentary rocks/volcanics 
Middle to Late Miocene 

Baturape-Clndako volcanics 
Lata Pliocene 

—r-* • Lompobatang volcanics 
Pleistocene 

Coastal alluvial deposits 
Holocene 

After Sukamto & Suprlotno, 1982 

STONE ARTIFACT SITES 
1 Pammangkulang Batua^ 
2 Solokoa Na Lassang 
3 Pakka Mukang 
4 Bukit Bikuling 
5 Bukit Manggarupl 
6 PattlroTua 
7 Gentung 

REPORTFiD BRONZE KETTLE DRUM 
8 LIkuioa (Bonto Ramba) 

Boundaries of areas studied 
Intensively 

10km Jeneponto 

Figure 6.2 Area covered by Bulbecks 1986-1987 Surface Survey (Bulbeck 1986-1987). 
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^ Plate 6.2 Pammangkulang Batua : Remanat of quarried blocks in Zone 3 ^ 
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6.2. METHODOLOGY 

During Bulbeck's survey it became apparent that stone tools were an important 

component of the surface archaeology of the region, and as such lithics were regularly 

collected. However, a stipulation of Bulbeck's permit was that most of the archaeological 

matenal collected would remain at the museum in South Sulawesi, while only a small 

strategic sample would be taken back to Australia for analysis. Only 79 of the 422 

Pammangkulang Batua lithics were bought back to Australia, namely those collected 

from zones 4, 6, 11, and 12 (Figure 6.1.). The remainder of the assemblage was drawn by 

an archaeology lecturer and some undergraduate students. Bulbeck carried out a division 

of the lithics based on implement types, retouch categories, cores, and "flakes"' (in the 

sense understood by Chapman 1981), and made notes on each individual artefact. 

Thus the data concerning the lithics recorded in Sulawesi is sometimes based on 

substandard notes and inexpert drawings, both of which leave out some important 

anaKtical attributes. Since any differences from other lithic assemblages in the area 

could be accordingly attributed to interobserver error, the lithics I have directly observed 

can be treated as a control sample (see data in Appendix D). Irrespective of questions of 

observer error, another possible explanation to account for any differences is that the 

assemblage is a surface collection (even i f very carefully picked over) rather than an 

excavated assemblage. The justifications for attempting this analysis are (1) its 

peculiarity of a high frequency of Maros points but no backed microliths whatsoever, and 
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(2) it will be the largest open Toalean site reported. 

Due to the points mentioned above, some inconsistencies exist in the 

methodology applied to the analysis of the artefacts. The artefacts to which 1 had access 

were analysed using the methodology described in Chapter Three, that is the same 

methodology which was applied to the material from Leang Burung 1 Trench B, and 

Leang Karassa'. However those drawn and described in the field have to be interpreted in 

terms of a modified version of my standard recording system. 

For example, in most instances measurements of artefact dimensions were taken 

to the nearest millimetre in the field, rather than to one decimal place Also only 

approximate weights were recorded. Raw materials were identified at a more specific 

level such as chert, agate, and flint, rather than being grouped under the umbrella of the 

cryptocrystalline category. Thus, in these instances all raw material types were assigned 

to the fine grained cryptocrystalline variety in order to conform with the analysis of the 

artefacts from zones 4, 6, 11, and 12. In many instances the amount of cortex present was 

noted but the t\'pe of cortex was not. The situation is much the same for striking 

platforms where only rarely are the drawings of sufficient adequacy to reliably represent 

the platforms" metncs and surface type. As far as possible where important attributes 

were present, but not noted in writing, further information was gained from examining 

the artefact illustrations. With all of these problems and variations from the ideal 

methodology in mind, the analysis of the Pammangkulang Batua material may be lacking 
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in some details. However, the assemblage is worthy of investigation due to the reasons 

mentioned previously. 

6.3. ANALYSIS AND DISCUSSION 

The majority of the assemblage consists of complete, broken, and fragmented 

flakes (68%), while the remainder is constituted of 16% cores and core fragments, and 

16% debris. The predominant raw material is cryptocrystalline which accounts for 96% 

of the artefacts, followed by 4% medium grained material. In comparison to the debitage 

from Leang Burung I and Leang Karassa' a wide variety of cryptocrystalline colours has 

been recognised. These include red (31%), brovm (27%), pink (20%), grey (8%), cream 

(8%), white (3%), and banded (3%). On the basis of comparisons with the stone quarried 

at Pammangkulang Batua, it appears that raw materials were procured from another 

source, rather than the knappers" having utilised the conglomerate rock found at the site 

which is more suitable for polishing rather than fine working to produce flakes for tool 

manufacture. 

In comparison to Leang Burung I and Leang Karassa" which are located in 

limestone karst areas, Pammangkulang Batua is located on the coastal plain. It may be 

assumed that the knappers at the site would have procured the good quality stone 

required for tool manufacture from sources in the surrounding region. Certainly, the 

cryptocrystalline varieties represented in the surface collection differ noticeably from the 

stone used at the limestone karst sites, for instance by including far mor^ variation in 
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M-P 
CORE 

S-P 
CORE 

CORE 
FRAG 

CF LBF TBF FF BLADE/ 
FRA(] 

POINT/ 
FRAG 

MAROS/ 
FRAG 

DEBRIS TOTAL 

1 0 0 2 18 0 8 17 0 1 1 8 55 
2 0 0 0 0 0 0 0 0 0 0 0 0 
3 0 0 1 I 0 1 0 0 0 0 0 3 
4 0 0 0 0 2 1 5 0 0 0 17 25 
5 1 1 1 4 0 1 3 0 1 0 1 13 
6 1 3 9 2 1 1 14 0 0 3 0 34 
7 4 2 6 21 3 13 27 1 1 2 23 103 
8 4 6 8 27 1 17 26 0 0 0 29 118 
9 1 0 0 2 1 3 0 0 0 0 9 
10 2 1 1 6 1 1 2 0 0 0 4 18 
11 2 1 4 1 1 1 7 0 0 0 0 17 
12 2 0 2 0 1 3 6 0 0 0 0 14 
13 0 1 1 2 0 2 3 0 0 1 2 12 
14 0 0 0 1 0 0 0 0 0 0 0 1 
15 0 0 0 0 0 0 0 0 0 0 0 0 

17 15 35 85 11 51 113 1 3 7 84 422 

K E Y . 

M-P CORE: Mulit-platform core. 
S-P CORE: Single-platform core. 
CORE. FRAG.: Core fragment. 
CF: Complete flake. 
LBF: Longitudially broken flake. 
TBF: Transversely broken flake. 
FF: Flake fragment. 
BLADE/ FRAG.: Blade or blade fragment. 
POINT/ FRAG.: Point or point fragment. 
MAROS/ FRAG.: Maros point or fragment. 
DEBRIS : Artefactual Debris. 

Control 

Control 

Control 
Control 

Table 6.1. Pammangkulang Batua: Lithics distribution across the site. 
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colour. Also, as discussed below, geological and riverine cortex are approximately 

equally represemed, in marked contrast to the dominance of geological cortex at the karst 

sites. The Jeneberang, which is a braided river where it passes the site, is the most likely 

source for the collection of riverine cryptocrystalline nodules. 

67 cores and core fragments were identified in the surface collection. These 

comprise 17 multi-platform cores, 15 single-platform cores, and 35 core fragments, all 

manufactured on cryptocrystalline stone with the exception of two multi-platform and 

three fi-agments made of a medium grained raw material. The most common fine grained 

varieties represented by cores and fragments are brown and red, which account for 37% 

and 29% respectively. Only two multi-platform, one single-platform, and five core 

fragments are identified as heat treated, all made of cryptocrystalline stone. Three of 

these are brown, two are red, two are grey, and one is pink, so the proportions caimot be 

distinguished from the makeup of colours of the non-treated cores. Further, 21 flaked 

pieces were distmguished as being heat treated, all of cryptocrystalline stone. 

39%, or a total of 26, cores and core fragments exhibit evidence of a worked 

edge. 12 are core fragments, eight are multi-platform cores, and six are single-platform 

cores. These 'core tools' fall comfortably within the range of size variation observed for 

cores and fragments which do not have a worked edge, in both the control sample 

(Tables D.l and D.3) and the remainder sample (Tables D.2 and D.4). Thus it appears 

that the utilisation of a core or fragment as a tool could occur at any stage during tlie core 
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reduction sequence. 

A relatively high proportion of cores and fragments were bipolar (26%), 

comprising seven multi-platform cores, four single-platform cores, and six fragments. 

However, a legitimate suspicion can be raised that this is due to interobserver error, 

because I did not record any examples in the control sample. Chi-square tests could not 

be applied to compare the distribution of recorded bipolar cores and fragments in the 

control and 'remainder' sample because of the expected frequencies being less than five 

in over 20% of cells, so instead a Fisher Exact test was used (Startup & Whittaker 

1982:137-138). 

Complete cores 

BIPOLAR UNBIPOLAR TOTAL 
CONTROL 0 9 9 
REMAINDER 11 12 23 
TOTAL 11 21 32 

Probability = I I ! 21! 9! 23! = 0.01 
0! 11! 9! 12! 32! 

Core fragments 

BIPOLAR UNBIPOLAR TOTAL 
CONTROL 0 15 15 
REMAINDER 6 14 20 
TOTAL 6 29 35 

Probability = 6! 29! 15! 20! = 0.02 
0! 6! 15! 14! 35! 

This allows the rejection of the null hypothesis of no difference between the 
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control and the 'remainder' samples at p = 0.01 for complete cores and p = 0.02 for core 

fragments. Hence it must be inferred that, by the standards used to record the Leang 

Burung 1 and Leang Karassa' debitage, bipolar cores and fragments were in fact absent 

(as in the control sample) or at least very rare (as at the karst sites). In relation to the 

bipolar cores only 12 bipolar flakes were found, 11 of which were complete, whilst one 

was longitudially broken. Since all of these were from the 'remainder' sample it has to be 

rejected for the same reasons as with the 'bipolar' cores. 

260 complete, broken, and fragmented flakes were identified in the surface 

collection. 43% were flake fragments, 33% were complete flakes, 20% were transversely 

broken flakes, and the remaining 4% were longitudially broken flakes. Chi-square test 

results allows the rejection of the null hypothesis that the control and 'remainder' 

samples have non-distinguishable proportions of flake classes. This could be due to 

differential site activity zones, but it is more parsimonious to accept that interobserver 

error is to blame. 

CHI-SQUARE TEST OF FLAKE CLASS PROPORTIONS AT PAMMANGKULANG 
BATUA. 

Observed frequency: 

COMPLETE BROKEN FRAGMENT TOTAL 
CONTROL -> 

J 11 32 46 
REMAINDER 82 51 81 214 
TOTAL 85 62 113 260 
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Expected frequency 
15.04 10.97 20.00 46 
69.96 51.03 93.00 214 

85 62 113 260 

Chi-square = 20.46 
Degree of freedom = 2 

0.005 < p < 0.001 

On the basis of cortical coverage on flakes, stages in the reduction sequence can 

be identified. As previously mentioned decortication flakes with primary cortex indicate 

the first stage in core reduction of preliminary core preparation. In the control sample of 

debitage from Pammangkulang Batua only 15 flakes had evidence of either geological or 

nvenne cortex. As regards geological cortex, seven flakes had 25-50% and eight had less 

than 25% surface coverage. Another four flakes exhibited less than 25% weathering 

cortex. The remaining 90?/o of the complete, broken, and fragmented flakes totally lacked 

any cortex. In the 'remainder" of the surface collection three flakes with more than 50% 

riverine cortex present were found, two flakes had 25-50% riverine cortex, and six had 

less than 25% riverine cortex. Thus it seems that most of the flake debitage is 

representafive of later stages in the reduction sequence with only a minimal amount of 

preliminary core preparation having taken place at the site itself. Possibly preliminary 

core preparation took place at the raw material source, accounting for the lack of 

decortication flakes. The nodules were then carried back to the site where stages three to 

seven of the reduction sequence occurred. Or, on the other hand, specialised core 

preparation sites may have existed where all cores were initially reduced. 
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On artefacts where the platform was both present and noted it is clear that flat and 

faceted platforms predommate, in both the control and the 'remainder' samples (Tables 

D.6 and D.7). 47% of platforms are flat, 36% are faceted, 14% are crushed, and 3% are 

cortical. The observation that a negligible number of cortical platforms were present 

further supports the proposal made above that preliminary core preparation did not occur 

at Pammangkulang Batua. I f it had occurred at the site a larger number of unmodified, 

cortical platforms would be expected. As mentioned in previous chapters platform 

preparation indicated by flat and faceted striking surfaces suggests that structured rather 

than random flaking was practised, as is indicated at Pammangkulang Bania where over 

three-quarters of artefacts with a platform present have flat or faceted surfaces. 

According to Patterson (1983:301), structured flake production is usually 

represented in a debitage assemblage by a combination of flat striking platforms and 

acute platform angles. Analysis of the surface collection clearly supports this scenario for 

Pammangkulang Batua where 44% of acute platform angles have flat striking surfaces, 

and 38% have faceted striking surfaces. Patterson also considers overhang removal to be 

indicative of platform preparation (1983:302). Of the 56 artefacts in the surface 

collection which exhibit overhang removal 28 have flat platforms and 18 have faceted 

platforms, while the remainder have either cortical or crushed surfaces. 

On the basis that four artefacts with platform angles of 100°, that is Hertzian 

initiations, have been observed in the Pammangkulang Batua assemblage it may be 

suggested that occasional hard ham.m.er percussion was employed in the production of 
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flakes at the site. Further clues concerning manufacturing technique can be gained by an 

examination of flake terminations. Clearly the most common are feather, followed by 

step, hinge, and snap (Table D. 10 and D. 11). 

According to Cotterell and Kamminga (1987:699), "A feather termination occurs 

when the crack forming the flake that has been propagating parallel to a side face of the 

nucleus turns slightly to meet it at a very acute angle..The feather termination can be 

viewed as the natural termination for the stiffness-controlled propagation phase of a flake 

formed along the side face of a nucleus". In comparison step terminations are often 

caused by flaws in the raw material which stop the fracture from continuing. Cotterell 

and Kamminga (1987:701) state that flakes with hinge terminations are usually struck 

from a flattish surface of a core, and such terminations are regarded as being undesirable 

for tool manufacture. In contrast, snap terminations are generally regarded as the result of 

direct tool manufacture. Thus the observation that only two snap terminations were 

identified and the remainder of the assemblage exhibits terminations unsuitable for tool 

manufacture, suggests that tools were made from flake blanks rather than from preforms 

struck directly from a core. In both the control and 'remainder' sample orientable pieces 

again comfortably outnumber the debris (approximately 3:1), as Prentiss and Romanski 

indicate for tool production assemblages - analogous to the interpretation of debitage 

from the karst sites. However, it must be noted that at Pammangkulang Batua the 

breakage of artefacts from actions such as scuffage and treadage has artificially increased 

the representation of debris. 
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Formal tools identified in the surface collection include three points and point 

fragments, one blade, and seven complete and fragmented Maros points (Table 6.1). 

With regards to marginal retouch only 34 specimens were identified, these being nine 

complete flakes, ten transversely broken flakes, three longitudially broken flakes, and 

seven flake fragments. Formal tools that were retouched included two points, one point 

fragment, one Maros point, and one Maros point fragment. The most common locations 

for retouch was on both the left and right lateral margins, and on the left lateral margin 

only (Table D. 12 and D.l3). 

In summary, raw materials were procured from the local geological outcrops or 

from nodules in the Jeneberang River. There would appear to be no shortage of 

knappable stone, as indicated by the recovery of 1811 flaked lithics distributed widely 

across the Macassar survey area (Bulbeck 1986-1987:119), but only a geological survey 

could tell whether the geological outcrops used by the Pammangkulang Batua knappers 

were located in rocky outcrops in the coastal plain or in the geologically complex hills 

immediately east of the site (cf Figure 6.2). Most of the cores underwent preliminary 

preparation at the source where nodules smaller enough to carry back to Pammangkulang 

Batua were made. On the basis that only negative potiid scars and no potiids were 

observed it can be suggested that heat treatment of stone occurred elsewhere, possibly at 

the raw material source, rather than at the site itself On the basis of platform angles and 

surfaces it can be seen that the majority of flaking was structured and planned rather than 

opportunistic. Flaking techniques employed at the site include freehand percussion, hard 

hammer percussion as indicated by a few Hertzian initiations, and bipolar 
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percussion on cores of all sizes. Freehand hard hammer percussion was used the majority 

of the time with the bipolar method possibly being applied occasionally. Once struck, 

flakes were then reworked to produce formal tools, notably Maros and other points but 

apparently no microliths. 
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C H A P T E R SEVEN 
COMPARATIVE ANALYSIS 

7.1. METHODOLOGY 

In order to perform comparisons of the three Toalean debitage assemblages 

analysed, comparative statistical tests are applied. Chi-square tests are applied to raw 

material category, core type, and flake type for the three sites, while t-tests are carried out 

to compare multi-platform core, single-platform core, and complete flake dimensions. An 

unpaired, two-tailed t-test for the comparison of the mean dimensions - either length, 

width, or thickness - is applied to the results obtained from each pair of sites. All of the 

statistical procedures are based on the 5% level of significance, where probabilities equal 

to or greater than 5% do not allow rejection of the null hypothesis, while probabilities of 

less than 5% do allow rejection of the null hypothesis. A total of three chi-square tests 

and 27 t-tests have been applied to the debitage assemblages from Trench B of Leang 

Burung 1, Leang Karassa', and Pammangkulang Batua. 

7.2 RAW MATERIAL PROPORTIONS 

The percentage occurrence of raw material categories at Leang Burung, Trench B, 

Leang Karassa', and Pammangkulang Batua (Table 7.1) allows detection of the 

interassemblage differences in utilised stone. 
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VOLCANIC MEDIUM 
GRAINED 

LIMESTONE COARSE 
GRAINED 

TOTAL 

LB 1 86% 3.5% 7% 3% 0.5% 100% 
LK 81% 7% 11% 0% 1% 100% 
PB 98% 0% 2% 0% 0% 100% 

Table 7.1. Raw Matenal frequencies at three Toalean sites in South Sulawesi. 

As the table clearly indicates raw material of the cryptocrystalline type predominates at 

all of the sites, and in particular brown and grey varieties are the most common. 

However, it is with regard to the other raw materials that the most noticeable differences 

in frequency can be observed. 

CHI-SQUARE TEST OF RAW MATERIAL TYPE. 

Observed frequency: 

CRYPTO VOLCANIC MEDIUM 
GRAINED 

LIMESTONE COARSE 
GRAINED 

TOTAL 

LBl 2017 84 162 63 9 J 2335 
LK 544 47 71 0 5 667 
PB 326 0 8 0 0 334 

TOTAL 2887 131 241 63 14 3336 

Expected frequency: 

2020.7 91.7 168.7 44.1 9.8 2335 
577.2 26.19 48.18 12.6 2.8 667 

289.05 13.11 24.13 6.31 1.4 33 
2887 131 241 63 14 3336 

Chi-square = 88.88 
Degrees of freedom = 8 

p < 0.001 
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Significant inter-assemblage differences exist in raw material categories. In 

comparison to the debitage from Leang Karassa' and Pammangkulang Batua, Irench B at 

Leang Burung 1 yielded a total of 64 pieces, or 3%, made of limestone. The discovery of 

the limestone lithics is significant because it has not previously been reported by 

Chapman (1981, 1986) or other archaeologists investigating Toalean sites. Generally, 

limestone is not considered to be a suitable flaking material due to its inherent softness, 

but rather an isotropic variety such as cryptocrystalline stone is preferred for flaking. 

Thus the observation that limestone debitage was found at Leang Burung 1 may be 

explained as the result of local variation in raw material sources, specifically the 

availability of limestone suitable for flaking. The Leang Burung 1, Trench B limestone is 

visually identified as being at a low stage of metamorphosis which has improved the 

flaking quality of the stone. 

The site of Leang Karassa' is also located within the limestone karsts of the 

southwest comer of South Sulawesi, but its debitage lacks limestone. A parsimonious 

explanation to account for this observation is that the knappers from Leang Karassa' did 

not have access to the relatively high-quality limestone accessed by the Leang Burung I 

inhabitants. In comparison to Leang Burung 1, Leang Karassa' reveals a higher 

proportion of medium grained stone and twice as much volcanic material. 

7 3 DEBITAGE CATEGORY PROPORTIONS 

A chi-square test carried out on the frequency of core class at each of the sites 
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resulted in the recognition of a significant difference in representation. This may be due, 

at least in part, to the utilisation of different raw materials sources at each site. 

CHI-SQUARE TEST OF CORE CLASS FREQUENCY. 

Observed frequency: 

MULTI-
PLATFORM 

SINGLE-
PLATFORM 

CORE FRAGMENT TOTAL 

LBl 175 151 388 714 
LK 110 92 87 289 
PB 16 15 35 66 

TOTAL 301 258 510 1069 

Expected frequency: 

201.04 172.32 340.64 714 
81.37 69.75 137.88 289 
18.58 15.93 31.49 66 
301 258 510 1069 

Chi-square = 41.34 
Degrees of freedom = 4 

p < 0.001 

MULTI-PLATFORM SINGLE-PLATFORM FRAGMENT TOTAL 
LBl 24% 22% 54% 100% 
LK 38% 32% 30% 100% 
PB 24% 23% 53% 100% 

Table 7.2 Core type frequencies at three Toalean sites in South Sulawesi. 

With regard to core types recognised in the debitage, Leang Burung 1 and 

Pammangkulang Batua have relatively high proportions of core fragments in comparison 

to Leang Karassa" (Table 7.2). It must be remembered that the surface collection of 

debitage from Pammangkulang Batua is a smallish sample, and thus may contain 
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unreliable proportions of debitage categories. Further, a high frequency of broken or 

fragmented cores in a surface collection may be the result of taphonomic actions such as 

trampling (especially by water-buffalos) and scuffage. However, Leang Burung 1 and 

Pammangkulang Batua exhibit nearly equivalent proportions of not only multi-platform 

and single-platform cores but core fragments also, notwithstanding the fact that they 

represent the largest and the smallest assemblages examined here. Certainly, the most 

important contrast involves the dominance of complete cores at Leang Karassa' as 

opposed to core fragments at Leang Burung 1. 

CHI-SQUARE TEST OF FLAKE TYPE FREQUENCY. 

Observed frequency: 

CF LBF TBF FF BENDING TOTAL 
LBl 789 255 141 447 3 1635 
LK 250 127 118 133 5 633 
PB 85 11 51 113 0 260 

TOTAL 1124 393 310 693 8 2528 

Expected frequency: 

726.9 254.1 200.49 448.2 5.17 1635 
281.4 98.5 77.62 173.52 2.0 633 
115.6 40.42 31.88 71.27 0.82 260 
1124 393 310 693 8 2528 

Chi-square = 136.81 
Degrees of freedom = 8 

p < 0.001 
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CF LBF TBF 1 FF BENDING TOTAL 
LBl 48.2% 15.6% 8.6% 27.4% 0.2% 100% 
LK 39.5% 20% 18.6% 21% 0.9% 100% 
PB 32.7% 4.2% 19.6% 43.5% 0% 100% 

Table 7.3 Flake type frequencies at three Toalean sites in South Sulawesi. 

Leang Burung 1 has the highest proportion of complete flakes, Leang Karassa' the 

highest proportion of longitudially broken and bending flakes, and Pammangkulang 

Batua the highest frequency of transversely broken and flake fragments. The absence of 

the rare class of bending flakes in the Pammangkulang Batua surface collection may be 

the result of interobservor bias or, just as conceivably, sampling error. What stands out is 

that Pammangkulang Batua has the lowest proportion of complete flakes as well as a low 

proportion of complete cores. The higher numbers of broken or fragmented artefacts 

recovered in this surface assemblage is what can generally be expected due to the action 

of natural and cultural taphonomic processes, and it would be unwise to read any 

behavioural significance into this result. 

Overall, Trench B of Leang Burung 1 yielded a high proportion of complete 

flakes in comparison to that from Leang Karassa'. This contrasts with the core breakage 

pattems where Leang Burung 1 has a high proportion of broken or fragmented cores in 

comparison to that from Leang Karassa'. 

The differences in the proportion of debitage categories represented at the sites 

may be due to different types of lithic working occurring at each site. Al l stages of core 

reduction and tool production were occurring at Leang Burung 1, while the later stages 
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of core reduction dominated at Leang Karassa", with more limited manufacture of tools 

from flake blanks. 

Calculation of each of the three chi-square tests applied to the debitage from 

Leang Burung 1, Leang Karassa', and Pammangkulang Batua returned probabilities of 

less than 5%, in fact less than 0.1%. It may be suggested that the differences observed 

between the debitage categories from Leang Burung I and Leang Karassa' might be due 

(at least in part) to the higher proportion of cryptocrystalline stone at Leang Burung I . 

The suitable flaking qualities of such stone has resulted in a high proportion of complete 

flakes and of fragmented cores at Leang Burung 1. 

7.4 COMPARISON OF COMPLETE FLAKE AND CORE DIMENSIONS 

7.4a. COMPARISON OF COMPLETE FLAKE DIMENSIONS AT LEANG KARASSA' 
AND LEANG BURUNG 1, TRENCH B. 

T-TEST OF FLAKE LENGTH. 

LK LBl 
n 250 789 

Mean 26.53 21.96 
SD 11.29 9.54 

t = 5.78 
n = 1037 
p < 0.001 

T-TEST OF FLAKE WIDTH. 

LK LBl 
n 250 789 

Mean 22.02 18.98 
SD 8.35 7.39 

t = 5.15 
n = 1037 
p < 0.001 
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T-TEST OF FLAKE THICKNESS. 

LK LBl 
n 250 789 

Mean 5.53 4.86 
SD -2,72 

n = 1037 
0.01 > p > 0.001 

7.4b COMPARISON OF COMPLETE FLAKE DIMENSIONS AT LEANG KARASSA' 
AND PAMMANGKULANG BATUA. 

T-TEST OF FLAKE LENGTH. 

LK PB 
n 250 85 

Mean 26.53 18.62 
SD 11.29 6.14 

t = 3.36 
n = 333 

p < 0.001 

T-TEST OF FLAKE WIDTH 

LK PB 
n 250 85 

Mean 22.02 15.91 
SD 8.35 5.05 

t = 8.03 
n = 333 

p< 0.001 

T-TEST OF FLAKE THICKNESS. 

LK PB 
n 250 85 

Mean 5.53 5.67 
SD 3.2 2.99 

t = 0.37 
n = 333 

0 .8>p>0.7 
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7.4c COMPARISON OF COMPLETE FLAKE DIfvlENSIONS AT LEANG BURUNG 1 
AND PAMMANGKULANG BATUA. 

T-TEST ON FLAKE LENGTH. 

LBl PB 
n 789 85 

Mean 21.96 18.62 
SD 9.54 6.14 

t = 4.46 
n = 872 

p < 0.001 

T-TEST ON FLAKE WIDTH. 

L B l PB 
n 789 85 

Mean 18.98 15.91 
SD 7.39 5.05 

t = 5.05 
n - 8 7 2 
p < 0 001 

T-TEST OF FLAKE THICKNESS. 

LBl PB 
n 789 85 

Mean 4.86 5.67 
SD 2.72 2.99 

n = 872 
0.02 > p > 0.01 

On the basis of the results presented above, significant metrical differences exist 

between the complete flakes from Trench B of Leang Burung 1, Leang Karassa", and 

Pammangkulang Batua. The only test not to produce a significant difference was the 

comparison of average thickness of complete flakes from the surface collection with 

those from Leang Karassa'. Thus, the Pammangkulang Batua complete flakes are 
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unusually 'fat' - significantly so compared to Leang Burung 1. They are also significantly 

shorter and narrower than the complete flakes from Leang Burung 1 and especially so in 

comparison to the Leang Karassa" flakes. Therefore, the order of complete flake size 

from largest to smallest is Leang Karassa' : Leang Burung 1 : Pammangkulang Batua. 

7.4d COMPARISON OF MULTI-PLATFORM CORE DIMENSIONS AT LEANG 
KARASSA' AND LEANG BURUNG 1, TRENCH B. 

T-TEST OF CORE LENGTH. 
LK LBl 

n 110 175 
Mean 33.1 26.4 

SD 12.72 /T.t8 ' 
t = 4.93 ^ 
n = 283 

p < 0.001 

T-TEST OF CORE WIDTH. 
LK LBl 

n 110 175 
Mean 29.01 20.8 

SD 10.86 6.08 
t - 7.25 
n = 283 

p < 0.001 

T-TEST OF CORE THICKNESS 
LK LBl 

n 110 175 
Mean 14.8 10.69 

SD 8.31 4.93 
t = 4.69 
n = 283 

p < 0.001 
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7.4e COMPARISON OF MULTI-PLATFORM CORE DIMENSIONS AT LEANG 
KARASSA' AND PAMMANGKULANG BATUA. 

T-TEST OF CORE LENGTH. 

T-TEST OF CORE WIDTH. 

LK PB 
n 110 17 

Mean 33.1 24.45 
SD 12.72 7.18 

t = 1.92 
n = 125 

0.1<p<0.05 

LK PB 
n 110 17 

Mean 29.01 16.82 
SD 10.86 3.72 

t = 8.87 
n = 125 

p < 0.001 

T-TEST OF CORE THICKNESS. 
LK PB 

n 110 17 
Mean 14.8 12.26 

SD 8.31 4.57 
t = 0.4 

n = 125 
0 .7<p<0.6 

7.4f COMPARISON OF MULTI-PLATFORM CORE DIMENSIONS FROM LEANG 
BURUNG 1, TRENCH B AND PAMMANGKULANG BATUA. 

T-TEST OF CORE LENGTH. 
LBl PB 

n 175 17 
Mean 26.4 ^.11 

SD 64.45 7.18^^ 
t = 
n = 190 

0.3 < p < 0 . 2 
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T-TEST ON CORE WIDTH. 
LBl PB 

n 175 17 
Mean 20.8 16.82 

SD 6.08 3.72 
t = 3.93 
n = 190 

p < 0.001 

T-TEST ON CORE THICKNESS. 
LBl PB 

n 175 > 7 -
Mean 10.69 4.93 

SD 12.26 4.57 
t = -1.34 
n = 190 

0 .2<p<0 .1 

7.4g COMPARISON OF SINGLE-PLATFORM CORE DIMENSIONS FROM LEANG 
KARASSA' AND LEANG BURUNG 1, TRENCH B. 

T-TEST ON CORE LENGTH. 
LK LBl 

n 92 151 
Mean 30.58 30.65 

SD 12.42 9.32 
t = -0.05 
n = 241 
p>0.9 

T-TEST ON CORE WIDTH. 
LK LBl 

n 92 151 
Mean 26.76 20.48 

SD 9.54 7.73 
t = 5.34 
n = 241 

p < 0.001 
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T-TEST ON CORE THICKNESS. 
LK LBl 

n 92 151 
Mean 10.58 9.07 

SD 4.09 4.64 
t = 2.65 
n = 241 

0.01 < p < 0.001 

7.4h COMPARISON OF SINGLE-PLATFORM CORE DIMENSIONS FROM LEANG 
KARASSA' AND PAMMANGKULANG BATUA. 

T-TEST ON CORE LENGTH. 
LK PB 

n 92 15 
Mean 30.58 23.31 

SD 12.42 129 
t = 3.18 
n - 105 

0.01 < p < 0.001 

T-TEST ON CORE WIDTH. 
LK PB 

n 92 15 
Mean 26.76 15.7 

SD 9.54 6.78 
t = 5.49 
n = 105 

p^O.OOl 

T-TEST ON CORE THICKNESS. 
LK PB 

n 92 15 
Mean 10.58 10.93 

SD 4.09 3.53 
t = -0.35 
n = 105 

0 .8<p<0 .7 
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7.4i COMPARISON OF SINGLE-PLATFORM CORE DIMENSIONS FROM LEANG 
BURUNG 1, TRENCH B AND PAMMANGKULANG BATUA. 

T-TEST OF CORE LENGTH. 
LBl PB 

n 151 15 
Mean 30.65 23.31 

SD 9.32 7.29 
t = 3.62 
n = 164 

p < 0.001 

T-TEST ON CORE WIDTH. 
LBl PB 

n 151 15 
Mean 20.48 15.7 

SD 7.73 6.78 
t = 2.57 
n = 164 

0.02 < p < 0.01 

T-TEST ON CORE THICKNESS. 
LBl PB 

n 151 15 
Mean 9.07 10.93 

SD 4.64 3.53 
t = -1.88 
n = 164 

0.1 <p<0.05 

Significant differences were obtained from the comparison of multi-platform and 

single-platform cores from Leang Karassa' and Leang Burung 1. The only exception to 

this was in the average length of single-platform cores which did not exhibit a significant 

difference between those from the karst sites. Comparisons of multi-platform cores from 

Leang Karassa' and Pammangkulang Batua revealed no significant differences between 

length and thickness but a difference regarding average width. The single-platform cores 

from the same sites differed significantly with regard to length and width, but the average 
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thickness was similar. The multi-platform cores from Leang Burung 1 and 

Pammangkulang Batua did not exhibit statistically significant difTerences in either length 

or thickness, but width was different. With regard to single-platform cores from these 

sites the only statistically significant similarity observed was for average thickness. The 

complete cores from Pammangkulang are really miniature, really reduced, and 'fat' 

compared to those from the karst sites. 

, The observations made for complete flakes and complete cores from the three 

Toalean sites fies in with the scenario, suggested from cortex presence, of least core 

reduction occurring at Leang Karassa', significantly more reduction at Leang Burung 1, 

Trench B, and most reducfion at Pammangkulang Batua. 

7.5 DISCUSSION 

The variation observed between the debitage assemblages from the three Toalean 

sites examined can be explained by a number of influential factors. For example, a 

different population belonging to the same cultural group could have been knapping 

stone at each site. In conjunction with this different knappers would have been working 

at each site resulting in debitage which reflects individual variation. As previously 

mentioned, different raw material sources may have been utilised which resulted in the 

working of stone with differing flaking qualities. Apparently the best stone was used at 

Pammangkulang Batua, slightly worse stone at Leang Burung I (though still good), and 

the worst stone was utilised at Leang Karassa'. Even though the knappers from Leang 
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Burung 1 and Leang Karassa' probably had access to the same range of stone resources 

differences in knapping skills and techniques would have resulted in variations in the 

debitage. 

Another reason to account for the intersite variation is that Leang Burung 1, 

Trench B and Pammangkulang Batua are aceramic assemblages while Leang Karassa' is 

a ceramic assemblage. The introduction of ceramics may have resulted in changes in the 

types of tools, and thus debitage, being manufactured at a site. In particular the debitage 

from the aceramic trench of Leang Burung 1 has a higher proportion of formal tools than 

the debitage from the ceramic site of Leang Karassa'. Thus, with the introduction of 

ceramics dependence on stone tools may have decreased which resulted in a scaling 

down of lithics manufacture. 

As alluded to earlier, the debitage excavated or collected may represent different 

activity zones within each site. For example, at Pammangkulang Batua and Trench B of 

Leang Burung 1 a relatively high number of formal tools such as Maros points and 

microliths were found. This may suggest that in these areas of the sites the manufacture 

of formal tools from flake blanks was occurring, while in contrast at Leang Karassa' the 

low numbers of formal tools may be the result of an industry based primanly on core 

reduction by flaking and formal tools may have been produced elsewhere. The 

plausibility of this suggestion is further supported by the observation that Leang Karassa' 

has a relatively high representation of multi-platform and single-platform cores in its 
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debitage in comparison to the other sites examined. 

The debitage from each site may be the result of different emphases in the 

general reduction sequence. The debitage examined from Trench B of Leang Burung 1 is 

indicative of core reduction and tool production on flake blanks. At Leang Karassa' it 

appears that mainly the early stages in core reduction are represented, and minimal 

manufacture of formal tools was occurring. At Pammangkulang Batua the negligible 

amount of decortication flakes in the debitage suggests that most of the preliminary core 

preparation was taking place at another site while stages three to seven of the reduction 

sequence and tool production was occurring at the site itself. 

The final factor which may explain the differences between the assemblages is 

that each site is located within a different microenvironment. Leang Burung 1 is situated 

in the karsts abutting the coastal plain, Leang Karassa' within the limestone karsts, and 

Pammangkulang Batua is on the coastal plain. Cultural ecology espouses that pattems of 

behaviour, technology, and environment are parts of an inter-related dynamic system. 

Thus, the variation observed between the debitage of three Toalean sites may be 

explained as a result of differing adaptations to specific microenvironments each with 

slight variation in geology, ecology, and climate. However, there is no clear evidence to 

support this interpretation, as the viability in all three assemblages can be explained in 

terms of foci at different stages along the same reduction sequence. It is actually not clear 

but Pammangkulang Batua may have been a specialised hunting or fishing camp, a site 
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type reflecting its location adjacent to the coastal plain and the Jeneberang river. This 

may be a question for formal tool comparisons, and usewear or residue analysis 

comparisons, rather than debitage analysis. 
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C H A P T E R E I G H T 
SUMMARY AND CONCLUSIONS 

This thesis has presented the results obtained from an analysis of three Toalean 

sites located in the southwest comer of South Sulawesi, Indonesia. Previous research of 

the Toalean have largely concentrated on analysing the formal tools in lithic assemblages 

while neglecting a consideration of the by-products produced in the manufacture of such 

tools. In contrast the research presented here has concentrated specifically on an 

investigation of the debitage from three sites, these being Leang Bumng 1, Leang 

Karassa", and Pammangkulang Batua. Another divergence from previous investigafions is 

that the debitage assemblage collected from a large open site, that of Pammangkulang 

Batua. was analysed and compared with samples of the lithic assemblages from two cave 

sites. 

Leang Bumng 1 is a middle to late Holocene site which is the youngest in a trio of 

sites in the Leang Leang valley assigned to the Toalean, the other sites being Leang 

Burung 2 and Ulu Leang 1. The debitage yielded from an excavation trench located 

outside the cave revealed a dominance of cryptocrystalline raw material which had been 

procured from cobbles scattered along the nearby stream and from nodules embedded in 

the limestone karsts of the area. Analysis of the debitage suggests that the lithic 

technology practised at the site was based on the planned flaking of cores using hard-

hammer, soft-hammer, and bipolar percussion on stone which was occasionally heat 

treated. 
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Similarly, at the site of Leang Karassa' cryptocrystalline stone predominated 

which was supposedly procured from river cobbles along the Sungai Taddaiang and from 

nodules interbedded in limestone. The debitage generally represents the early to middle 

stages in a core reduction sequence where the planned knapping of stone using hard-

hammer, soft-hammer, and bipolar percussion occurred. Material was also heat treated 

and formal tools were occasionally manufactured from flake blanks rather than directly 

from cores. 

The surface collection from Pammangkulang Batua was dominated by 

cryptocrystalline stone. Preliminary core preparation usually occurred at the raw material 

source while at the site itself further reduction produced flake blanks from which formal 

tools were manufactured, especially Maros points. Techniques of manufacture indicated 

by the debitage include free-hand percussion and occasional bipolar working. 

Comparative statistics in the form of chi-square and t-tests were applied to the 

debitage in order to determine the amount of intersite variation. The results of these tests 

indicated that the three debitage assemblages display more statistically significant 

differences than non-significant differences. Possible reasons suggested to account for 

this variation are that the assemblages are the result of different populations or different 

knappers, the utilisation of different raw materials occurred, different acfivity loci are 

represented by each assemblage, different stages in the general reduction sequence being 

emphasised at each site, aceramic versus ceramic assemblages, and differing 

microenvironments. 
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Thus we return to the research hypotheses suggested earlier, these being. 

• 1. A common stone technological 'tradition' or 'industry' existed in South Sulawesi 

during the middle to late Holocene period, and that it will be represented at 

prehistoric sites which are located in the region. 

• 2. Intersite variations are observable within the Toalean and they can be explained by 

ecological, climatological, and geological factors. 

The evidence obtained from an analysis of the debitage from the three Toalean 

sites supports both of the hypotheses mentioned above. On the basis of the definition of 

the terms tradition" and 'industry" the Toalean is best regarded as a 'tradition'. To quote 

Fagan, "The toolmaking tradition, for example, may continue in use while many cultures 

that share it develop in entirely different ways. Tradition implies a degree of cultural 

continuity, even i f shifts in cultural adaptation have taken place in the meantime" (1988: 

507-508). Thus, in the particular instance of the Toalean , the variation in the debitage 

may be the result of cultural adaptations made to specific microenvironments by local 

groups living in a particular region, or a stone working technology directed more towards 

the manufacture of formal tools rather than core reduction to produce flake blanks. 

The Toalean cannot be referred to as an 'industry', in the strict sense of the term, 

because not all of the same artefact types occur at each site. In other words, an industry is 

an assemblage of artefacts, in this case lithics, which consistently include the same types 

and may be regarded as a product of a single society. The lithic assemblages from Leang 

Burung 1, Leang Karassa', and Pammangkulang Batua do contain some common artefact 
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types but not every formal type is represented at each site. However, this may simply be 

the result of sample size, and different artefacts would be represented in a larger 

assemblage. Thus, a similar tradition is represented by three distinct industries which 

developed as a result of different raw material availability, different desired end products 

(possibly as a response to microenvironment), and a different level of core reduction. 

Debitage analysis clearly agrees with the hypothesis that inter site variation exists 

within the Toalean of the southwest comer of South Sulawesi. The range of variability 

evident is seen as being the result of individual groups adapting their cultural repertoire 

to better enable survival in a specific environment. The fact that significant variation 

occurs within and between microenvironments and microecologies in South Sulawesi 

will subsequently lead to similar degrees of diversity in the material cultures of groups 

inhabiting such areas. 
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APPENDIX A 
HORIZONTAL AND V E R T I C A L DISTRIBUTION O F A R T E F A C T S IN 

TRENCH B, L E A N G BURUNG 1 





Figure A 2 LEANG BURUNG 1, TRENCH B. SQUARE1. 
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Figure A 4 LEANG BURUNG 1, TRENCH B. SQUARE 2. 
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Figure A 6 LEANG BURUNG 1, TRENCH B. SQUARE 3. 
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Figure A 7 LEANG BURUNG 1, TRENCH B. SQUARE 4. 
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Figure A 9 LEANG BURUNG 1, TRENCH B. SQUARE 5. 
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APPENDIX B 
LEANG BURUNG 1, T R E N C H B 

DATA AND STATISTICS 
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CATEGORY NUMBER LENGTH 
MEAN±SD 

WIDTH 
MEAN±SD 

THICKNESS 
MEAN±SD 

MULTI-
PLATFORM 

CORE 

175 26.4 ±8.11 20.89 ±6.08 10.69 ±4.93 

SINGLE-
PLATFORM 

CORE 

151 30.65 ±9.32 20.48 ± 7.73 9.07 ±4.64 

CORE 
FRAGMENT 

388 22.38 ±6.61 14.84 ±7.92 6.59 ±3.34 

COMPLETE 
FLAKE 

789 21.96 ±9.54 18.98 ±7.39 4.86 ±2.72 

LONG.BROKEN 
FLAKE 

255 22.75 ±8.91 18.03 ±6.54 5.3 ±2.88 

L/T BROKEN 
FLAKE 

4 11.93 ± 1.74 12.73 ±4.63 2.2 ±0.49 

TRAN.BROKEN 
FLAKE 

141 19.88 ±8.58 19.42 ±7.15 4.7 ±3.25 

FLAKE 
FRAGMENT 

447 19.15 ±6.39 12.86 ±4.54 3.26 ± 1.51 

BENDING FLAKE 'y J 25.03 ±4.44 14.93 ±4.57 3.66 ± 1.79 
BLADE/FRAG 8 30.21 ±6.67 8.53 ±2.39 4.0 ± 1.34 
POINT/FRAG 6 34.83 ±11.26 15.37 ±3 .7 5.57 ±2.5 

GEO. ML. 2 11.40 ±0 .4 20.4 ±0 .1 3.4 ±0.4 
POINT (ML) 6 19.33 ±2.74 11.13 ± 1.69 3.35 ±0.31 

ARTEFACTUAL 
DEBRIS 

157 18.87 ±6.78 11.93 ±3.92 5.48 ±2.75 

Table B. 1 Average dimensions and standard deviations for artefact categories. 

* N.B. All measurements are in millimetres (mm.). 

KEY. 
LONG. BROKEN FLAKE.: Longitudially broken flake. 
L/T BROKEN FLAKE.: Longitudially & Transversely broken flake. 
TRAN.BROKEN FLAKE.: transversely broken flake. 
BLADE/FRAG.: Blade or Blade fragment. 
POINT/FRAG.: Point or Point fragment. 
GEO. ML.: Geometric microlith. 
POINT (ML).: Microlithic pomt. 



C A T E G O R Y G E O L O G I C A L RIVERINE WEATHERING NO C O R T E X T O T A L 
< 25% < 50% > 50% <25% <50% > 50% < 25% < 50% > 50% 

IVl-P C O R E 50 34 5 1 2 3 25 7 0 48 175 
S-P ( O R E 49 29 6 4 5 1 16 3 1 37 151 

C O R E FRAG. 84 47 15 5 6 1 41 13 8 168 388 
C F 168 108 31 26 23 3 54 17 7 352 789 

L B F 53 28 28 5 3 1 26 3 6 102 255 
LATBF 1 0 0 0 0 0 1 1 0 1 4 

T B F 21 14 3 4 0 2 14 8 2 73 141 
F F 60 42 16 1 16 2 61 21 7 221 447 

BENDING 0 1 1 0 0 0 0 0 0 1 3 
B L A D E / F R A G 2 2 0 0 0 0 0 0 0 4 8 
POINT/ FRAG 0 2 0 0 2 0 1 0 0 1 6 

G E O . ML 0 0 0 0 0 0 0 0 0 0 2 
POINT (ML) 2 0 0 0 0 0 0 0 0 4 6 

l O T A L 490 307 105 46 57 13 239 73 31 1012 2373 

Table B.2 Count of cortex amount and type recorded for the Leang Burung 1, Trench B debitage and artefacts. 

* N.B. Artefactual and non-artefactual debris is excluded from the table. 
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Average and standard deviation of dimensions for core types in the total debitage 
assemblage from Leang Burung 1, Trench B. 

CORE TYPE NUMBER LENGTH 
MEAN ± SD 

WIDTH 
MEAN ± SD 

THICKNESS 
MEAN ± SD 

MULTI-
PLATFORM 

175 26.4 ±8.11 20.89 ±6 .08 10.69 ±4.93 

SINGLE-
PLATFORM 

151 30.65 ±9.32 20.48 ± 7.73 9.07 ± 4.64 

FRAGMENT 388 22.38 ±6.61 14.84 ±7.92 6.59 ±3.34 

Average and standard deviations of bipolar cores and fragments from Trench B of Leang 
Burung 1. 

CORE TYPE NUMBER LENGTH 
MEAN ± SD 

WIDTH 
MEAN ± SD 

THICKNESS 
MEAN ± SD 

MULTl 
PLATFORM 

2 27.25 ±2.95 23.6 ±5 .2 6.5 ± 1.4 

SINGLE 
PLATFORM 

12 27.92 ±3.61 18.35 ±4.55 8.23 ±2.56 

FRAGMENT 3 28.01 ±8.56 18.73 ±2 .58 7.6 ±2.58 

Average and standard deviations of cores with worked edges in Trench B of Leang 
Burung 1. 

CORE TYPE NUMBER LENGTH 
MEAN ± SD 

WIDTH 
MEAN ± SD 

THICKNESS 
MEAN ± SD 

MULTl 
PLATFORM 

34 30.95 ±7.88 22.48 ±6 .4 9.85 ±4.27 

SINGLE 
PLATFORM 

36 31.04 ±8.77 22.49 ±8 .18 8.63 ±3.51 

FRAGMENT 63 23.91 ±6.66 15.81 ±4 .78 6.13 ±2.21 

Table B.3 Comparison of Bipolar and worked cores and core fragments with the 
complete collection of cores in the debitage from Leang Burung 1, Trench B. 
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*2 -tailed t-test for multi-platform utilised cores versus all cores. 

Length: t = 4.55 = 3.006 
1.483 

0.001<p< 0.005 

Width: t = L59_ = 1.336 
1.19 

p > 0.05 

Thickness: t = 084 = 1.022 
0.82 

p> 0.05 

*2-tailed t -test of Single-platform bipolar cores versus all cores. 

Length : t = -2.73 = -2.118 
1.289 

Degrees of freedom =161 
0.02 < p < 0.005 

Width : t = -2.13 = -1.463 
1.456 

Degrees of freedom =161 
p>0.05 

Thickness : t = -0.84 = -1.01 
0.83 

Degrees of freedom =161 
p>0.05 
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CATEGORY CORTICAL CRUSHED FLAT FACETED MISSING 
PLATFORM PLATFORM PLAIFORM PLATFORM 

CF 93 80 467 149 0 78C 

LBF 14 25 166 50 0 25f 
TBF 8 14 86 29 4 14: 
BENDING 0 0 2 1 0 
BLADE/FRAG 1 1 2 1 3 8 
POINT/FRAG 1 0 0 2 6 
POINT (ML) 0 0 4 2 0 6 
TOTAL 117 120 727 234 10 120 

Table B.4 Proportions of striking platform surface varieties on complete and broken 
flakes and on formal tools. 

WIDTH 
MEAN ± SD 

THICKNESS 
MEAN 1SD 

FLAT PLATFORM 8.64 ±5.11 3.041 1.87 
FACETED PLATFORM 11.5515.09 4.0712.15 
CRUSHED PLATFORM 5.3612.68 1.6810.83 
CORTICAL PLATFORM 12.4316.77 4.43 12.5 

Table B.5 Average and Standard deviation dimensions of striking platform surface types 
on complete flakes only. 
* N.B. All dimensions are presented in millimetres (mm.). 

PLATFORM PLATFORM ANGLE TOTAL 
SURFACE < 9 0 ° >90° 
FLAT 449 18 467 
FACETED 141 8 149 
CRUSHED 74 6 80 
CORTICAL 83 10 93 
TOTAL 747 42 789 

Table B.6 Platform angle and platform surface observed on complete flakes only. 
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PLATFORM LENGTH WIDTH THICKNESS 
SURFACE MEAN ± SD MEAN ± SD MEAN ± SD 
FLAT 22.34 ± 10.03 18.74 ±7.69 4.75 ±2.81 
FACETED 21.53 ±8.62 19.46 ±6 .2 4.98 ±2 .3 
CRUSHED 19.1417.8 16.49 ±6.35 3.87 ± 1.84 
CORTICAL 23.31 ±9.42 21.57 ±7.63 6.07 ±3.07 

Table B.7 Complete flake dimensions categorised on the basis of striking platform 
surface. 

CATEGORY FEATHER HINGE STEP SNAP MISSING TOTAL 
CF 198 428 144 18 0 789 
LBF 79 106 64 6 0 255 
L/TBF 0 0 4 0 0 4 
TBF 7 1 134 0 0 141 
BENDING 1 2 0 0 0 3 
BLADE,/FRAG 5 0 2 0 1 8 
POINT/FRAG 6 0 0 0 0 6 
POINT (ML) 6 0 0 0 0 6 
TOTAL 302 537 348 24 1 1212 

Table B.8 Counts of termination types on selected debitage and formal tool categories 
from Leang Burung 1, Trench B. 



I 4 0 

PLATFORM GEOLOGICAL RIVERINE WEATHERING NO TOTAL 
SURFACE CORTEX 

< 25% < 50% > 50% < 25% < 50% > 50% <25''/ < 50% > 50% 
FLAT 92 60 11 10 10 2 36 13 4 229 467 
FACETED 30 17 5 0 1 0 14 3 3 76 149 
CRUSHED 14 12 2 0 3 0 4 0 0 45 80 
CORTICAL 32 19 13 16 9 I 0 1 0 2 93 
TOTAL 168 108 31 26 23 3 54 17 7 352 789 

Table B.9 Count of cortex types on a graduated scale of amount for complete flakes which exhibit specific types of platform surface. 
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APPENDIX C 
I EANG KARASSA' 

DATA AND STATISTICS 
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*N.B. In this Appendix the Leang Karassa" debitage data have been divided into two 
categones; disturbed, consisting of the surface collection, spits 1 and 2 of Square A and 
all of Square B; and undisturbed, comprised of the material from spits 3, 4, 5, and 6 of 
Square A. 

CATEGORY NUMBER LENGTH 
MEAN + SD 

WIDTH 
MEAN ± SD 

THICKNESS 
MEAN ± SD 

MULTI-
PLATFORM 

CORE 

70 33.83 ± 12.45 28.71 ± 11.7 14.68 ±9.03 

SINGLE-
PLATFORM 

CORE 

76 30.13+ 12.59 26.11 ±9.45 10.49 ±4.23 

CORE 
FRAGMENT 

52 25.01 ±6.99 19.82 ±7.48 8.1 ±2.75 

COMPLETE 
FLAKE 

139 27.13 ± 11.78 23.32 ±9.21 5.64 ±3.17 

LONG.BROKEN 
FLAKE 

82 26.0 ± 16.81 20.8 ±7.71 5.56 ±2.92 

TRAN.BROKEN 
FLAKE 

58 22.3 ±9.25 19.3 ±6.1 4.0 ± 1.66 

FLAKE 
FRAGMENT 

86 25.09 ±8 .57 18.24 ±6.31 5.19±2.8 

BENDING FLAKE 3 30.8 ± 10.79 16.9±4.17 3.0 ±0.94 
BLADE/ FRAG 13 25.0 ±5.08 10.52 ±2.31 3.34 ± 1.09 
POINT/FRAG 5 25.86 ±7 .77 13.74 ±6.28 4.04 ±0.80 

GEO. ML. 0 0 0 0 
ARTEFACTUAL 

DEBRIS 
151 21.26 ±8 .07 17.06 ±6.53 6.55 ± 11.29 

Table C.l Average dimensions and Standard deviations for debitage and artefact 
categones in the disturbed layers of Leang Karassa". 

*N.B. All measurements are in millimetres (mm.). 
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CATEGORY NUMBER LENGTH 
MEAN ± SD 

WIDTH 
MEAN ± SD 

THICKNESS 
MEAN ± SD 

MULTI-
PLATFORM CORE 

40 31.8± 13.19 29.53 ±9.19 15.0 ±6.86 

SINGLE-
PLATFORM CORE 

16 32.7 ± 11.62 29.87 ±9.98 11.03 ±3.45 

CORE 
FRAGMENT 

34 24.43 ± 7.0 17.84 ±5.77 7.69 ±2.81 

COMPLETE 
FLAKE 

111 26.53 ± 11.29 22.02 ±8.35 5.53 ±3.19 

LONG.BROKEN 
FLAKE 

45 26.63 ± 15.31 21.47 ±8.47 5.93 ±3.32 

TRAN.BROKEN 
FLAKE 

60 23.62 ±9.16 21.58 ±8.21 5.52 ±2.65 

FLAKE 
FRAGMENT 

47 25.67 ±9.21 17.46 ±7 .1 5.28 ±3.87 

BENDING FLAKE 2 19.4 ±3.5 15.65 ±0.05 3.65 ±0.55 
BLADE/FRAG 4 31.9 ±6.86 9.8 ± 1.36 3.6 ±0.54 
POINT/TRAG 10 30.82 ± 11.25 15.18±5.23 3.77 ± 1.50 

GEO. ML. 2 9.8 ±0 .8 21.1 ±3 .4 3.4 ±0.40 
ARTEFACTUAL 

DEBRIS 
34 20.21 ±7.3 14.88 ±4.76 4.15±2.16 

Table C.2 Average dimensions and Standard deviations for debitage and artefact 
categones in the undisturbed layers of Leang Karassa". 



C A T E G O R Y G E O L O G I C A L R I V E R I N E WEATHERING NO TOT^ 
C O R T E X 

< 25% < 50% > 50% <25% <50% > 50% < 25%. < 50%. > 50% 
M P C O R E 15 19 8 0 1 0 17 6 2 2 70 
S-P C O R E 14 14 12 0 1 2 18 8 5 2 76 

C O R E FRAG. 8 10 4 0 1 0 19 8 2 0 52 
C F 19 18 16 0 0 0 28 18 18 16 133 

L B F 14 15 6 0 3 0 15 8 10 8 79 
T B F 10 7 2 0 0 0 18 9 9 3 58 
F F 14 19 3 1 0 0 18 10 13 8 86 

BENDING 0 I 0 0 0 1 1 0 0 0 3 
BLADE/FRAG 3 2 0 0 0 0 5 1 0 2 13 
POINT/FRAG 1 2 0 0 0 0 1 1 0 0 5 

G E O . ML. 0 0 0 0 0 0 0 0 0 0 0 
T O T A L 98 107 51 1 6 3 140 69 59 41 575 

Table C.3 Count of cortex amount and type recorded for the debitage and formal tools from the disturbed section of Leang Karassa'. 

•^N.B. Artefactual and Non-artefactual debris is excluded from the table. 



C A T E G O R Y G E O L O G I C A L R I V E R I N E WEATHERING NO T O T A L 
C O R T E X 

< 25% < 50%. > 50% < 25%. < 50%. > 50%o < 25% < 50% > 50%. 
M P C O R E 7 10 7 1 2 1 5 5 5 0 43 
S-P C O R E 3 2 4 0 0 2 2 0 2 0 15 

C O R E FRAG. 2 6 7 0 0 0 7 6 5 1 34 
C F 14 14 11 1 1 1 18 30 24 3 117 

L B F 0 8 5 2 0 0 7 7 11 5 45 
T B F 7 13 4 0 1 0 12 10 9 3 59 

F F 4 6 6 0 0 1 5 11 11 3 47 
BENDING 0 2 0 0 0 0 0 0 0 0 2 

BLADE/FRAG 0 0 2 0 0 0 2 0 0 0 4 
POINT/FRAG 1 0 0 0 0 1 1 2 4 1 10 

G E O . ML. 0 0 0 0 0 0 2 0 0 0 2 
T O T A L 38 61 46 4 4 6 61 71 71 16 378 

Table C.4 Count of cortex amount and type recorded for the debitage and formal tools from the undisturbed section of Leang 
Karassa'. 
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CATEGORY CORTICAL CRUSHED FLAT FACETED MISSING TOTAL 
CF 10% 13% 61% 16% 0% 100% 

LBF 7% 9% 60% 24% 0% 100% 
TBF 5% 13% 60% 22% 0% 100% 

BENDING 0% 50% 50% 0% 0% 100% 
BLADE/FRAG 0% 10% 18% 36% 36% 100% 
POINT/FRAG 0% 20% 40% 20% 20% 100% 

Table C.5 Proportions of Platform Surface types observed on debitage and tool categories 
in the disturbed section of Leang Karassa'. 

CATEGORY CORTICAL CRUSHED FLAT FACETED MISSING TOTAL 
CF 12% 11% 54% 13% 0% 100% 
LBF 11% 13% 43% 33% 0% 100% 
TBF 5% 12% 65% 10% 8% 100% 

BENDING 0% 33% 64% 0% 0% 100% 
BLADE/FRAG 0% 15% 46% 8% 31% 100% 
POINT/FRAG 0% 10% 30% 30% 30% 100% 

Table C.6 Proportions of Platform Surface types observed on debitage and tool categones 
in the undisturbed section of Leang Karassa'. 

SURFACE <90° >90° TOTAL 
CORTICAL 13 I 14 
CRUSHED 19 0 19 
FLAT 85 1 86 
FACETED 20 2 22 
TOTAL 137 4 141 

Table C.7 Proportions of acute and obtuse platform angles in relation to platform surface 
on complete and broken flakes, and on formal tools in the disturbed layers of Leang 
Karassa'. 
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SURFACE <90° >90° TOTAL 
CORTICAL 9 0 9 
CRUSHED 12 1 13 

FLAT 56 5 61 
FACETED 24 1 25 

TOTAL 101 7 108 

Table C.8 Proportions of acute and obtuse platform angles in relation to platform surface 
on complete and broken tlakes, and on formal tools in the undisturbed layers of Leang 
Karassa". 

RETOUCH LOCATION NUMBER 
LATERAL LEFT -> j> 
LATERAL RIGHT 7 
LATERAL LEFT & RIGHT 11 
DISTAL 4 
DISTAL/LATERAL 1 
DISTAL/LATERAL LEFT & RIGHT 1 
DISTAL/ LATERAL RIGHT 3 
LATERAL I 
PROXIMAL 1 
TOTAL 32 

Table C.9 Location of marginal retouch on debitage and tools from the complete Leang 
Karassa" assemblage. 

CATEGORY FEATHER HINGE STEP SNAP MISSING TOTAL 
CF 53 55 26 4 0 138 

LBF 23 27 26 5 0 81 
TBF 0 4 53 0 0 57 

BENDING 0 2 1 0 0 
BLADE/FRAG 4 1 6 0 2 13 
POINT/FRAG 4 0 0 1 0 5 

TOTAL 84 89 112 10 2 297 

Table C. 10 Count of terminations represented on debitage and tool categories in the 
disturbed layers of Leang Karassa'. 
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CATEGORY FEATHER HINGE STEP SNAP MISSING TOTAL 
CF 45 49 22 1 0 117 

LBF 11 18 17 1 0 47 
TBF 0 3 58 0 0 61 

BENDING 1 I 0 0 0 2 
BLADE/FRAG 0 0 4 0 0 4 
POINT/FRAG 9 0 0 0 0 9 

TOTAL 66 71 101 2 0 240 

Table C . l l Count of terminations represented on debitage and tool categories in the 
undisturbed layers of Leang Karassa'. 
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APPENDIX D 
PAMMANGKULANG BATUA 

DATA AND STATISTICS 
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*N.B. All data for the surface collection from Pammangkulang Batua are divided into the 
control sample analysed in Australia and the remainder of the assemblage drawn and 
described in the field. 

CATEGORY NUMBER LENGTH 
MEAN ± SD 

WIDTH 
MEAN ± SD 

THICKNESS 
MEAN ± SD 

MULTI-
PLAIFORM 

CORES 

5 27.0 ±7.51 19.64 ±3.72 13.48 ±5.39 

SINGLE-
PLATFORM 

CORES 

4 22.6 ±4 .0 14.12 ±6.38 7.0 ±2.57 

CORE 
FRAGMENT 

15 18.4 ±5.06 13.53 ±3.82 5.85 ± 1.92 

COMPLETE 
FLAKE 

3 17.1 ±3.54 17.26 ±3.35 4.96 ±0.62 

LONG.BROKEN 
FLAKE 

5 26.35 ±4.55 20.4 ±2 .0 6.05 ±0.85 

TRAN.BROKEN 
FLAKE 

6 15.76 ±3.71 18.28 ±3.87 3,6 ±0.8 

FLAKE 
FRAGMENT 

32 15.82 ±5.08 11.78 ±3.66 4.05 ± 1.44 

BLADE/FRAG 0 0 0 0 
POINT/FRAG 0 0 0 0 

MAROS POINT 3 19.03 ±4.43 13.6 ±0.53 3.36 ±0.45 
DEBRIS 17 14.36±6.12 11.79 ±6.93 4.36 ± 1.96 

Table D.l Average dimension and Standard deviations for debitage and artefact 
categories in the control sample from Pammangkulang Batua. 
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CATEGORY NUMBER LENGTH 
MEAN ± SD 

WIDTH MEAN 
± SD 

THICKNESS 
MEAN ± SD 

MULTI-
PLATFORM 

CORES 

12 23.4 ± 7.04 15.65 ±3.72 11.75 ±4.23 

SINGLE-
PLAIFORM 

CORES 

11 23.57 ± 8.49 16.28 ±6.93 12.36 ±3.88 

CORE 
FRAGMENT 

20 20.33 ±3.98 14.26 ±3.78 7.5 ±3.3 

COMPLETE 
FLAKE 

82 18.51 ±6.03 15.86 ±5.09 5.69 ±3.05 

LONG.BROKEN 
FLAKE 

6 20.66 ± 4.92 22.83 ± 6.06 6.83 ±2.72 

TRAN.BROKEN 
FLAKE 

45 16.52 ±4.89 14.93 ±5.16 4.19± 1.57 

FLAKE 
FRAGMENT 

81 15.49 ±4.84 11.09 ±2 .8 4.34 ± 1.85 

BLADE/PRAG 1 14.0 ± 0 4.0 ± 0 3.0 ± 0 
POINT/FRAG 18.0±2.16 12.67 ±2.05 4.16± 1.03 

MAROS POINT 4 22.0 ±4.12 15.75 ±2 .28 4.87 ± 1.34 
DEBRIS 67 14.74 ±4.23 10.36 ±3.01 4.93 ± 4.44 

Table D.2 Average dimensions and Standard deviations for debitage and artefact 
categories from the remainder of the Pammangkulang Batua surface collection. 
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CATEGORY NUMBER LENGTH 
MEAN ± SD 

WIDTH 
MEAN ± SD 

THICKNESS 
MEAN ± SD 

MULTI-
PLATFORM 

CORE 

8 25.31 ± 10.9 17.62 ± 8.03 12.0 ±4.55 

SINGLE-
PLATFORM 

CORE 

18.26 ±2.58 13.34 ± 1.71 6.83 ± 0.62 

CORE 
FRAGMENT 

6 19.02 ±3.89 14.3 ±3.42 7.55 ±2.69 

Table D.3 Average dimensions and Standard deviations of bipolar cores and core 
fragments from Pammangkulang Batua. *N.B. No bipolar cores and fragments are from 
the control sample. 

CATEGORY NUMBER LENGTH 
MEAN ± SD 

WIDTH 
MEAN ± SD 

THICKNESS 
MEAN ± SD 

MULTI-
PLATFORM 

CORE 

-> 22.43 ± 6.48 19.13 ±4.73 9.5 ±4.0 

SINGLE-
PLATFORM 

CORE 

2 24.55 ±4.15 17.4 ± 3.0 7.9 ±3.0 

CORE 
FRAGMENT 

8 18.32 ±4.25 13.07 ±2.87 5.03 ± 0.99 

Table D.4 Average dimensions and Standard deviations of worked cores and core 
fragments in the control sample from Pammangkulang Batua. 

CATEGORY NUMBER LENGTH 
MEAN ± SD 

WIDTH 
MEAN ± SD 

THICKNESS 
MEAN ± SD 

MULTI-
PLATFORM 

CORE 

4 26.62 ±8.71 16.0 ±2.67 13.62 ±3.61 

SINGLE-
PLATFORM 

CORE 

4 23.0 ±3.53 17.87 ±3.21 11.12±5.83 

CORE 
FRAGMENT 

4 2 I .12±3 .17 15.82 ±2.38 8.3 ±4.33 

Table D.5 Average dimensions and Standard deviations of worked cores and core 
fragments in the remainder of the Pammangkulang Batua surface collection. 
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CATEGORY CORTICAL CRUSHED FLAT FACETED MISSING TOTAL 
CF 1 0 1 1 0 3 
LBF 0 0 2 0 0 2 
TBF 0 0 'y J 2 1 6 
BLADE/FRAG 0 0 0 0 0 0 
POINT/FRAG 0 0 0 0 0 0 
MAROS POINT 0 0 0 0 -> 3 
TOTAL 1 0 6 3 4 14 

Table D.6 Proportions of platform surface types observed on debitage and tool categories 
in the control sample from Pammangkulang Batua. 

CATEGORY CORTICAL CRUSHED FLAT FACETED MISSING TOTAL 
CF 1 0 30 22 0 53 
LBF 0 2 4 0 0 6 
TBF 0 2 13 12 0 27 
BLADE/FRAG 0 0 1 0 0 1 
POINT/FRAG 0 0 2 1 0 
MAROS 
POINT 

0 0 0 1 J 4 

TOTAL 1 4 50 36 -> 
J 94 

Table D.7 Proportions of platform surface types observed on debitage and tool categories 
in the remainder of the surface collection from Pammangkulang Batua. 

SURFACE <90° > 9 0 ° TOTAL 
CORTICAL 1 I 2 
CRUSHED 0 0 0 
FLAT 6 0 6 
FACETED 5 0 5 
TOTAL 12 1 13 

Table D. 8 Proportions of acute and obtuse platform angles in relation to platform surface 
on complete and broken flakes, and tools in the control sample from Pammangkulang 
Batua. 
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RETOUCH LOCATION NUMBER 
LATERAL RIGHT 4 
LATERAL LEFT 2 
LATERAL LEFT & RIGHT I 
DIST.^ / LATERAL LEFT 8 
TOTAL 15 

Table D. 12 Location of marginal retouch on debitage and tools from the Pammangkulang 
Batua control sample. 

RETOUCH LOCATION NUMBER 
LATERAL RIGHT 3 
LATERAL LEFT 9 
LATERAL LEFT & RIGHT 2 
DISTAL/ LATERAL 3 
DISTAL 1 
TOTAL 18 

Table D.l3 Location of marginal retouch on debitage and tools from the 'remainder' of 
the Pammangkulang Batua surface collection. 
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SURFACE <90° >90° UNKNOWN TOTAL 
CORTICAL 1 0 0 1 
CRUSHED 6 0 0 6 
FLAT 30 1 19 50 
FACETED 26 2 8 36 
TOTAL 63 3 27 93 

Table D.9 Proportions of acute, obtuse, and unknown platform angles in relation to 
platform surface on complete and broken flakes, and tools in the remainder of the 
Pammangkulang Batua surface collection. 

FEATHER HINGE SNAP STEP TOTAL 
CF 1 I 0 I 
LBF 1 1 0 3 5 
TBF 1 0 0 5 6 
BLADE/FRAG 0 0 0 0 0 
POINT/FRAG 0 0 0 0 0 
MAROS POINT 0 0 0 0 0 
TOTAL 3 2 0 9 14 

Table D.IO Count of termination types observed on debitage categories in the control 
sample from Pammangkulang Batua. 

FEATHER HINGE SNAP STEP TOTAL 
CF 39 16 I 10 66 
LBF 4 0 0 1 5 
TBF '> 1 1 9 14 
BLADE/FRAG. 0 1 0 0 1 
POINT/FRAG 2 0 0 1 
MAROS POINT 1 0 0 0 1 
TOTAL 49 1 18 2 21 90 

Table D. 11 Count of termination types observed on debitage categories in the 
'remainder' of the Pammangkulang Batua surface collection. 


