
... The light is grey and the dawn wind cool. Low clouds, glistening like snow, drift 
in front of the mountains. We sail close to the shore on a calm sea, passing palm 
groves and gardens where maize is laid out to dry. Houses are hidden behind a lattice 
of clustered coconut trees, and everywhere we smell the smoke of early morning 
fires... 
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A technological interpretation of the Toalean, 
South Sulawesi 

1 INTRODUCTION 
This article is a slightly revised summary of Pasqua's (1995) Honours 
research on Toalean lithics carried out at the University of Western 
Australia under Bulbeck's supervision. In broad terms, the research re­
interprets the Toalean from a technological perspective rather than the 
traditional typological approach. In particular, comparative statistical 
analysis of the debitage categories in the studied assemblages correlates 
with the available typological and chronological information to suggest 
systematic variation within the Toalean. The possible explanations for 
this apparent variation are discussed at the end of the paper. 

The Toalean is apparently confined to the southwest peninsula of Su­
lawesi (see Fig. 1) where it spanned the Middle to Late Holocene. Early 
investigations by the Sarasin cousins (1905), Van Stein Callenfels 
(1938) and Van Heekeren (e.g. 1939) recognized a Toalean 'culture' 
through a number of sparsely documented excavations in rockshelters. 
Van Heekeren (1972: 113-115) proposed a three-stage chronology with a 
Lower Toalean, made up of large crude flakes and frequently tanged 
tools, a Middle Toalean characterized by projectile points with rounded 
bases and abundant geometric microliths, and an Upper Toalean when 
hollow-based points, bone points and pottery appeared (for details see 
preceding paper in this volume: Bartstra on Maros). 

Radiometric dates first became available from the excavations di­
rected by Mulvaney and Soejono (1970) and Ian Glover (1976, 1978). 
Glover's sequence at Ulu Leang 1 showed the broad chronological tran­
sition that would be expected from Van Heekeren's scheme, and dated 
the first microliths to between 7000 and 6000 BP, whilst the hollow-
based (or Maros) points appeared by 5500 BP and were most popular at 
4000-3500 BP (Presland 1980: 36-39). However, in Mulvaney and Soe-
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jono's sequence at Leang Burung 1, Maros points tend to be older than 
the microliths, suggesting to Chapman (1986: 81) that no single typo­
logical sequence applied universally (but see below). 

As well as attempting to produce a radiometrically dated culture his­
tory of the Toalean, these studies also initiated a technological approach. 
Presland (1980) looked at flake dimensions and choice of stone material 
to compare Leang Burung 2, which has an Upper Pleistocene sequence 
(Glover 1981), and Ulu Leang 1. From the lack of significant differ­
ences, he inferred that the technology of flaking remained unchanged de­
spite the Middle Holocene appearance of microliths. Chapman (1981) 
considered such technological variables as the prevalence of bipolar 
flaking, the dimensions of cores and complete flakes, and the size grades 
of broken debitage. However, both Presland and Chapman were descrip­
tive rather than analytical in their technological comparisons and re­
mained essentially committed to a typological analysis. In contrast, the 
present study focuses on the debitage from three assemblages, in order to 
reconstruct the reduction sequences represented and to identify the 
manufacturing technology employed at each site. 

2 MATERIALS 
The studied lithics come from two excavated rockshelters and one open-
air site (see Fig. 1). The two rockshelters, Leang Karassa and Leang Bu­
rung 1, were excavated in 1969 by the 'Australian-Indonesian Archaeo­
logical Expedition to South Sulawesi' (Mulvaney & Soejono 1970). The 
third assemblage, from Pammangkulang Batua, was collected in 1987 by 
Bulbeck during his 'South Sulawesi Prehistoric and Historical Archae­
ology Project' (Bulbeck 1992). A summary of the unpublished details 
discussed in Pasqua (1995) is necessary as background to these assem­
blages. 

-)•*)';,'• • •'.' ^ ' 

2.1 Leang Karassa ' ' ' 
Leang Karassa is located within a karst valley adjacent to the Taddaiang 
River approximately 20 km from Maros town. The site was originally 
excavated by Van Heekeren in 1936. He found a high frequency of bla-
delets, scrapers, knives, and points with serrated edges, but few bone 
tools and no Maros points. The dominance of his Lower to Middle Toa­
lean markers suggested it was one of the oldest Toalean sites, although 
still of Holocene age as indicated by the modem faunal associations 
(Van Heekeren 1972: 111; cf Glover 1978: 69). 

In 1969 Campbell Macknight excavated 2 m^ to a maximum depth of 

213 



approximately 80 cm, to the point where bedrock or cemented deposits 
were encountered (see Fig. 2). As at Leang Burung 1, the deposits were 
sieved through a 6 mm mesh, which implies that the smallest debitage 
pieces would not have been retained. Chapman (1981, Appendix), after 
cursorily examining the lithics, concluded that they broadly matched 
those described by Van Heekeren. Strangely, however, sherdage oc­
curred throughout Macknight's excavation, whereas Van Heekeren had 
reported that pottery was restricted to the uppermost layers. Chapman 
accordingly inferred that either the squares excavated by Macknight had 
suffered substantial disturbance, moving sherds throughout the profile, 
or the age Van Heekeren attributed to Leang Karassa is too old. Our new 
data indicate that there has been disturbance, but only in the form of one 
redeposited layer, and that the rest of the deposits excavated by 
Macknight are Late Holocene. 

The four stratigraphic layers are, top to bottom, a brown sediment, a 
black greasy layer, a brown clayey sediment which constimtes most of 
the deposits in square A at the south, and a shelly deposit at the base (see 
Fig. 2). A charcoal sample from 10 cm below the surface in square A 
returned a date of 370 ±50 BP (Wk-3824), which calibrates to 
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Figure 2. Stratigraphy and approximate provenance of the dates from Macknight's 
1969 excavation of Leang Karassa (after Pasqua 1995: Figs 5.2 and 5.3). 
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1438-1651 AD at two sigma (cf Stuiver & Reimer 1993). Thus the 
deposition of the extant black greasy layer ceased at some point between 
the 15th and the 17th century. The second charcoal sample, collected 
from 65 cm below the surface in square A, is dated to 2690 ± 60 BP 
(Wk-3823), i.e. a calibrated age of 2740-2880 BP at two sigma. It dates 
the approximate age at which the clayey sediment began building up. 
Square A thus appears to have an intact stratigraphy with two late Holo­
cene dates in correct order. However, along the face which slopes 
steeply into square B, most of these deposits have subsided or otherwise 
been removed (see Fig. 2). 

In square A Macknight excavated six spits, each 15 cm deep, which 
slant across the layers, so any attempt to relate the recovered artifacts to 
stratigraphy will be inexact (see Fig. 2). For instance the basal spit has 
the lowest ratio of sherds to lithics (1:3) which could be either because 
the shelly layer is aceramic or because sherds are comparatively rare at 
the base of the clayey sediment too. Similarly, the geometric microlith 
Pasqua identified among the lithics in spit 6 could, without further in­
formation, have come from either an aceramic (preceramic) or an early 
ceramic context. In spits 5 to 2, sherds consistently outnumber lithics, 
reaching a ratio of 3:1 in spit 4. Immediately above, among the spit 3 
lithics, Pasqua identified a second geometric microlith. From the avail­
able sections it must have been excavated in either the upper levels of 
the clayey sediment or the greasy layer, and so dates somewhere be­
tween 2700 and 500 BP, and has an unquestionable association with 
pottery. One would guess that it was deposited closer to 2700 than to 
500 yrs ago. 

The top spit in square A shows a peculiar reversal: the sherdage count 
again falls behind the lithics (a ratio of 1:2), and indeed this spit has the 
highest lithics count within the excavated deposits. Even more strangely, 
the lithics include a Maros point with the classical serrated edge and a 
hollowed base or, more precisely, the basal two thirds of it (Pasqua 
1995: Fig. 5.4). The re-emphasis on lithics, and the inclusion of a type 
whose popularity peaked over 3500 yrs ago, are totally out of keeping 
with the recent date for this spit. Accordingly, we infer that the upper­
most brown layer consists of sediments and artefacts redeposited from 
elsewhere in the rockshelter. This redeposition event, which can be no 
more than 500 yrs old, can probably be identified with known instances 
of recent disturbance, either during the construction of the paved high­
way which runs along the front of the rockshelter, or at around 1957 
when organic-rich sediments were removed from the site to be used as 
fertiliser. Having lost their original depositional context, all the materials 
in spit 1 are essentially undated. 
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It might seem unlikely that Van Heekeren would have excavated Ma­
ros points or microliths at Leang Karassa and then failed to have ob­
served them. However, Van der Hoop's (1941) catalogue notes one den­
ticulated and winged arrowhead from Leang Karassa (Acc. No. 3411) 
and even a geometric knife (Acc. No. 3424), so apparently Van 
Heekeren had indeed excavated a Maros point and possibly a geometric 
microlith too. On the other hand, where his brief notes (1972: 110-111) 
mention shell-rich layers with sherdage only at the top, these layers 
would appear to correspond to the shelly deposit at the base of Mack­
night's excavations. In support of the idea that most of the deposits con­
sist (or anyway consisted) of an aceramic shell midden, Bulbeck (1995) 
observed only lithics, and no sherds, attached to the cemented deposits 
along the rear wall of the site. Accordingly, any general difference be­
tween Van Heekeren's and Macknight's assemblages would be under­
standable in terms of the greater age of the former assemblage. 

This issue however does not affect the quite straightforward interpre­
tation of Macknight's square A. Spits 2 to 6 contain an in situ lithics as­
semblage which is mostly or entirely ceramic in its associations and 
dates between approximately 3000 and 500 BP. Spit 1 in square A, and 
both spits in square B, are dominated by disturbed, redeposited materials 
which could be of any age. Accordingly, the technological analysis fo­
cuses on the in situ layers as an assemblage representing the ceramic or 
'Neolithic' Toalean. 

2.2 Leang Burung I, Trench B 
Leang Burung 1 is a large rockshelter, with a steeply sloping floor, 
within the Leang-Leang limestone karst where they abut the Maros 
coastal plain. The excavated areas comprise Trench A within the shelter. 
Trench B outside the entrance, and Trench C which connects them. The 
stratigraphic integrity of the site has always been under a cloud as the 
excavating team noted numerous sand-filled depressions piercing the 
surface, and as preliminary study recovered several cases of matching 
but widely separated sherds of decorated pottery (Chapman 1981). More 
recently Bulbeck (1992) has extracted human bone from Trench A. 
These not only exhibit numerous cases of fragmentation and widespread 
dispersion of originally whole items, as previously found with the pot­
tery, but also suggest that prehistoric burials may have been one cause of 
the disturbance. , 

The outlook for Trench B, however, is more promising. A mere eight 
earthenware sherds were excavated, indicating that the deposits are pre­
ceramic in their virtual entirety. Sorting through the faunal remains, Bul­
beck found 15 fragments of semi-fossilized human bone which cover the 

216 

whole skeleton without overlapping on any portion of it. Hence they 
appear to represent a primary burial whose extent of post-depositional 
disturbance is charted by the five separate provenances of the fragments 
(labelled B in Fig. 3). The radiocarbon date obtained on this bone, 
4610 ± 220 BP (ANU-6175), calibrates to 5855-4650 BP at two sigma. It 
falls between the original charcoal dates of 4880 ±480 BP, i.e. 
6670-4360 BP (ANU-1264), and 3420 ± 400 BP (ANU-390), i.e. 
4830-2750 BP (see Fig. 3). The promise of a relatively tight chronology 
prompted Pasqua to select the Trench B lithics for study. 

Closer inspection of the stratigraphy, however, reveals the problem 
that the younger charcoal date (A in Fig. 3) appears to be provenanced 
beneath most or all of the dated bone fragments. If this charcoal date is 
to be accepted, then the simplest scenario would interpret it as dating the 
event which disturbed the burial. In this scenario, at a time when the area 
of Trench B was covered with brown sand, human or natural disturbance 
deposited the 4830-2750 year old charcoal at A, and brought some of the 
burial to the surface. These upwardly displaced bone fragments became 
incorporated within the grey unit which was subsequently deposited. In 

Square 5 

South Wall 

Square 3 

Metres below datum 

A : 3240 ± 400 BP (ANU -390) 
B ; 4610 ± 2 2 0 BP (ANU-6175) 
C : 4880 ± 4 8 0 BP (ANU-1264) 

' ' ' ' Main band of lithics 

Square 1 

[El Upper (disturtied) deposits 

CD Grey zone 

[•] Shelly deposits 

Q Rock 

[D Brown sand 

Figure 3. Stratigraphy and approximate provenance of the dates from the excavation 
of Leang Burung 1 Trench B (after Pasqua 1995: Figs 4.3 and 4.4). 
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support of this scenario, we can refer to Trench A which has both the 
grey zone and the underlying brown sand found in Trench B (see Fig. 4). 
The only charcoal date from Trench A, apparently located at the base of 
the grey zone directly above the brown sand (Chapman 1981: 20A), 
clocks in at 2820 ±210 BP (ANU-391), i.e. 3460-2360 BP when cali­
brated at two sigma. If we let this determination also apply to the base of 
the grey zone in Trench B, the changeover from brown to grey sands 
would be dated to around 3500 BP. 

Chapman (1981) noted that the main concentration of lithics in 
Trench B at Leang Burung 1 occurred in the shelly deposits which, as 
shown in Figure 3, were intercalated with the basal levels of the grey 
sands. From the available information, it is impossible to be sure that the 
main band of lithics also dipped into the top of the brown sand. How­
ever, the dated samples in Trench B all underlie this main band, sug­
gesting a maximum age of 4000 BP for its accumulation. The lack of ce­
ramics suggests a minimum age of 3000 BP (cf. Leang Karassa) or, more 
likely, 3500 BP (Bulbeck 1992: 13, 1995: 5-6). Finally, note that the 
lithics from this trench include 24 Maros points but only ten microliths 
(Chapman 1986). Hence at Leang Burung 1, as at Ulu Leang 1 (Presland 
1980), 4000-3500 BP appears to have been the peak period of popularity 
of Maros points. Trench A, whose Toalean assemblage essentially post­
dates 3000 BP, shows a relative increase of microliths over Maros 
points, because the latter type dropped out after that date. 

Trench B Trench C Trench A 
1 

1 

1 1 White, rubble layer 

Grey zone 
1 

1 
- - 1 — — 

1 

^^^^ Grey zone 

Brown sand 

1 

1 Unexcavated 
1 

1 • "• , 
1 • .' 

1 Brown sand 

Unexcavated 
1 - " . , ' . - „ 

Figure 4. Schematization of the relation between the grey zone and the brown sand in 
trenches A and B at Leang Burung 1 (after Pasqua 1995: Fig. 4.2). 
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In summary, the assemblage which Pasqua studied from Leang Bu­
rung 1 consists of an essentially preceramic Toalean industry which in­
cludes more Maros points than microliths. The composition of the as­
semblage and the available radiocarbon dates suggest a main dating of 
approximately 4000-3500 BP, although this estimate could possibly be 
too young. 

2.3 Pammangkulang Batua 
Pammangkulang Batua is located on the west bank of the Jeneberang 
River where it enters the coastal plain before running towards the mod­
em capital city of Ujung Pandang (see Fig. 1). Not only is it an open site, 
it also lies well away from the Maros sites, approximately 50 km south 
of Leang Karassa. Bulbeck's team surveyed a 300 m long footpath and 
its associated fields, where they recorded 422 lithics, 57 earthenware 
sherds, and 39 fragments of Chinese and European ceramics dating be­
tween the 18th and 20th centuries. The site also retains quarrying scars 
from the 17th century when conglomerate blocks were hewn at Pam­
mangkulang Batua for use in the Somba Opu fortress near Ujung Pan­
dang. The earthenware sherds probably relate to the 17th century and 
later use of the site, but unfortunately they were not collected for labo­
ratory examination. The only hint of the age of the lithics is the fre­
quency of Maros points, seven complete or fragmented specimens, with­
out a single backed blade or geometric microlith in the collection. As 
argued for Trench B at Leang Burung 1, this may suggest a most likely 
age of around 4000-3500 BP. However, specialized site use is another 
feasible explanation for the large proportion of points, in which case the 
assemblage could date to any time during the period when Maros points 
were manufactured (c. 5500-3000 BP). 

Given the evidence of quarrying at the site, as well as traffic of hu­
mans and water buffalos along the footpath, and tillage of the adjacent 
fields, it is very likely that the Toalean lithics would have been subject to 
treadage, scuffage and other post-depositional disturbance. Much of the 
site is also seasonally inundated, which would appear to account for the 
soft, hydrated, even 'soapy' consistency of much of the stone. The like­
lihood of post-depositional edge damage and artefact breakage needs to 
be remembered when the Pammangkulang Batua assemblage is com­
pared with the lithics from the Maros sites. 

3 METHODOLOGY . 
Having discussed the main lithic types at the three sites, to order them in 
a culture-historical perspective, we can move to the technological ana-
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lysis. This was undertaken with a slightly elaborated version of Sullivan 
and Rozen's (1985, 1989) hierarchical key where debitage categories are 
identified on the basis of the presence or absence of specific attributes. 
The first attribute, positive percussion features, separates cores (which 
lack this feature) from other artifacts. The latter are classified into debi­
tage and retouched pieces. Debitage is then classified into debris (no 
single interior surface discernible), flake fragments (which have a single 
interior surface, but lack a point of applied force), broken flakes (having 
both a single interior surface and a point of applied force, but with their 
margins incomplete), and complete flakes. Broken flakes were further 
divided into longitudially and transversely broken flakes, depending on 
which margin is lacking (O'Connor 1990). Among the flakes, blades 
were recognized by their length, parallel lateral margins, and longitudial 
arrises on the dorsal surface. Bending flakes, attributed to pressure rather 
than percussion flaking, were identified by the absence of a bulb of per­
cussion and their typically diffuse platform (Cotterell & Kamminga 
1990: 142). Finally, bipolar flaking was recognized on cores from the 
presence of crushing or grinding of the raw material at opposing ends, 
and on flakes from crushing of the striking platform and/or crushing at 
the distal end. 

To interpret the proportions of debitage categories and realize which 
further observations are required, we require a theoretical model of the 
reduction sequence that was followed in knapping a stone nodule 
through the stages of core preparation and manufacture of useful flakes. 
The most appropriate model would seem to be the reduction sequence 
proposed by Flenniken and White (1985) for Australian flaked-stone 
assemblages, with which the Toalean is often compared (e.g. Van 
Heekeren 1972: 124; Glover & Presland 1985: 194; Chapman 1986). 
This model identifies seven stages: 

- Stage 1. The conscious selection of raw materials which will be 
most suited to tool manufacture, and the procurement of such resources; 

- Stage 2. Preliminary treatment of a stone nodule to produce a work­
able core; 

- Stage 3. The further refinement and treatment of these cores and the 
manufacture of blades and linear flakes; 

- Stage 4. Continuation of blade manufacture and the manufacture of 
medium-sized flakes (points may be made at this stage by retouching the 
flake blanks); 

- Stage 5. The manufacture of smaller artifacts, either in the form of 
implements (especially microliths) or micro-debitage; 

- Stage 6. Exhaustion of the core with the production of debris; 
- Stage 7. Discard of debitage into the archaeological record. 

f; A concentration on Stage 2 in the reduction sequence should be c o r ^ 
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related with large flakes and cores, the frequent presence of cortex on 
cores and debitage, and a low proportion of prepared as opposed to op­
portunistic striking platforms. As the reduction sequence proceeds 
through Stages 3 and 4, cores and flakes should reduce in size, flakes 
should elongate and blades should appear, a higher proportion of arti­
facts lacking cortex should be apparent, and preparation of striking plat­
forms should be more evident. Retouched points, including miscellane­
ous points which lack a hollowed base, may also be among the artifacts 
associated with Stage 4 reduction. Stages 5 and 6 should be associated 
with even smaller flakes and debitage pieces, the absence of cortex and a 
higher occurrence of bipolar working. 

The following definitions were employed to gauge these tendencies. 
Cores were subdivided into those with a single platform, multi-platform 
cores, and broken cores. Single-plane cores, also called broken pebbles, 
were not observed in any assemblage. Core length is the maximum 
length of the stone nodule parallel to the direction of the longest flake 
scar; core breadth is the maximum measurement perpendicular to core 
length across the same face; and core thickness is the maximum meas­
urement perpendicular to this face. Flake length is the distance from the 
point of percussion to the termination; flake breadth is the maximum 
distance perpendicular to flake length across the ventral surface; and 
flake thickness is the distance, from ventral to dorsal surface, at the in­
tersection of flake length and breadth. Preparation of the striking plat­
form was associated with the flat and faceted types, the latter containing 
at least two flake scars, while platforms with a crushed or a cortex-
covered surface were considered unprepared. Further evidence of plat­
form preparation was recognized from overhang removal in the form of 
tiny flake scars on the dorsal surface touching the striking platform. The 
terminations of the complete flakes were divided into feathers, hinges, 
steps and snap (cf Cotterell & Kamminga 1987). The representation of 
cortex on an artifact was estimated visually as >50%, 25-50%, under 
25%, and none. 

Further observations were taken to monitor factors which may have 
affected the reduction sequences. Stone material was classified as cryp-
tocrystalline, medium-grained siliceous, coarse-grained siliceous, vol­
canic, and limestone (found only at Leang Burung 1). Cortex was classi­
fied as geological (thick and unsmoothed), secondary (thin and 
unsmoothed), and riverine (smoothed through water rolling). On speci­
mens where more than one cortex type was observed the cortex was 
classified by the major type present. Evidence of heat treatment of the 
stone, to improve its knapping qualities, was noted in terms of potlid 
fractures, negative potlid scars, crazing of the surface, and colour altera­
tions. 
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Figure 5. Raw material, cortex characters and major technological attributes of the 
three compared Toalean assemblages. 
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4 RESULTS 
Basic statistical data on core and flake dimensions expressed to a single 
decimal place are given in Table 1, along with a summary of the statisti­
cally significant differences identified by two-tailed t-tests (calculated 
from the data as expressed to two decimal places). Comparative analysis 
of the three assemblages found that quality of raw material, percentage 
of cortex coverage, striking platform types and flake termination types 
are the main non-metrical features that distinguish between the three 
compared Toalean assemblages. The proportions of these features, as 
well as cortex class (for Leang Karassa and Leang Burung 1 Trench B), 
are depicted in Figure 5, to which the reader is referred as she/he reads 
the following presentation of the study's results. 

4.1 Leang Karassa ^ > 
81% of the 667 studied Leang Karassa lithics were of cryptocrystalline 
stone, with small proportions of medium-grained (11%) and volcanic 
stone (7%). Cortex was ubiquitous, covering more than 50% of 33% of 
the artifacts, 25-50% in 36% of cases, under 25% in 27% of cases, and 
absent from only the remaining 4%. This prevalence equally character-

Table 1. Means, standard deviations and t-test results from the three Toalean sites. 
Number Length Breadth Thickness 

Single-platform cores 
Leang Karassa 
Leang Burung 
Pammangkulang Batua 

16 
151 

15 

32 .7+11.6 ' 
30.7 ± 9.3^ 
23.3 + 7.3 

29.9 ±10.0" 
20.5 + 7.7' 
15.7 ±6.8 

11.0 ±3.5" 
9.1 ±4.6 

10.9 ±3.5 

Multi-platform cores 
Leang Karassa 
Leang Burung 1 
Pammangkulang Batua 

40 
175 

17 

31.8± 13.2''* 
26.4 ±8.1 
24.5 ± 7.2 

29.5 ±9.2''̂  
20.9 + 6.1^ 
16.8 ±3.7 

15.0 ±6.9' 
10.7 ±4.9 
12.3 ±4.6 

Complete flakes 
Leang Karassa 
Leang Burung 1 
Pammangkulang Batua 

111 
789 
85 

26.5+11.3''^ 
22.0 + 9.5^ 
18.5 + 6.1 

22.0 ±8.4''̂  
19.0 ±7.4̂  
15.9 ±5.1 

5.5 ± 3.2" 
4.9 + 2.7'' 
5.7 ±3.0 

'Larger than Pammangkulang Batua at pCH )̂ <0.02. ^Larger than Pammangkulang 
Batua at p(Ho) <0.001. ^Larger than Leang Burung 1 at p(Ho) <0.001. "Larger than 
Leang Burung I at P(HQ) <0.05. 'Larger than Leang Burung 1 at p(Ho) <0.02. 
•̂ Larger than Pammangkulang Batua at piW^) <0.01. ''Smaller than Pammangkulang 
Batua at p(Ho) <0.02. 
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izes the cores and core fragments, debitage categories, the two geometric 
microliths, and the ten miscellaneous points, indicating that veins of 
cortex typically permeated right through the nodules worked at Leang 
Karassa. Its interdigitation with cortex-free zones allowed the knappers 
to select suitable surfaces to strike, with the result that 58% of platforms 
are flat, 22% are faceted, 12% are crushed, and only 8% are cortical. 

When present, cortex was almost always secondary (56%) or geologi­
cal (40%). Only complete cores show a higher frequency of geological 
(82 cases) over secondary cortex (56 cases), suggesting that nodules with 
geological cortex were more readily available but that the knappers pre­
ferred to focus on portions of the nodules with secondary cortex. All 
nodules of siliceous stone had presumably been found among the lumps 
of chalcedony embedded in the limestone along the Taddaiang River bed 
where Leang Karassa looks over it (Van Heekeren 1972: 111). The dif­
ference between geological and secondary cortex presumably reflects lo­
calized variation in the extent of exposure to the elements. 

Apparently, the knappers at Leang Karassa accepted using the local 
stone despite the drawback that they could rarely produce cores free of 
flaws. Step fractures are common among the flakes, characterizing 38% 
of terminations, which can be attributed to the density of significant 
flaws (cf Cotterell & Kamminga 1987:700). Feather terminations 
(28.5%) and hinges (30%) are also common. 43% of platforms show 
evidence of overhang removal; this high proportion may reflect the care 
with which the knappers had to select and then prepare the limited areas 
suitable for striking. Pressure flaking or percussion with a soft hammer 
was very occasionally undertaken, as suggested by the two bending 
flakes (compared with 216 typical flakes). Evidence of bipolar traits on 
5% of the complete flakes, yet on none of the cores, suggests that bipolar 
flaking was occasionally carried out, but at fairly early stages in the re­
duction sequence before the cores neared the end of their use life. A cas­
ual attempt to improve the flaking quality of the stone is suggested by 
evidence of heat treatment on 7% of the cores and core fragments, al­
though strangely this evidence was proportionately far more common on 
medium-grained and volcanic cores than on cores of cryptocrystalline 
stone. 

Several observations indicate that the assemblage reflects a focus on 
Stages 3 and 4 of Flenniken and White's reduction sequence, i.e. a lower 
intensity of core reduction than at the other two sites. T-tests show that 
the single-platform cores, multi-platform cores, and complete flakes are 
significantly longer, broader and thicker than their counterparts at Leang 
Burung and Pammangkulang Batua in 14 of the 18 available compari­
sons (see Table 1). Only 30% of the Leang Karassa cores are broken, 
compared to over 50% at the two other sites. The ratio of blades to flakes 
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(including broken flakes), 1:55, is higher than in the other assemblages. 
Points also reach their highest proportion of the total lithics count at Le­
ang Karassa (2.6%), even if none of them are Maros points. Van 
Heekeren (1972: 111) also drew attention to the high frequency of pri­
mary bladelets and points in the Leang Karassa assemblage which he ex­
cavated. The two geometric microliths may suggest occasional core re­
duction to Flenniken and White's Stage 5. 

In summary, both the deeply flawed nature of the cryptocrystalline 
stone used at Leang Karassa and its ready availability seem to have en­
couraged the site occupants to focus on the intermediate stages of Flen­
niken and White's reduction sequence. 

4.2 Leang Burung 1, Trench B i 
A high proportion of the lithics at Leang Burung are cryptocrystalline, 
86%, well in excess of the 7% which are medium-grained, and the ap­
proximately 3% contributions each of volcanic stone and limestone. 
Cortex coverage occurs fairly commonly in low amounts, with 18% of 
artifacts having 25-50% coverage, 33% under 25% coverage, and 43% 
exhibiting no cortex at all. Geological cortex (66%) dominates over sec­
ondary cortex (25%) and riverine cortex (8.5%). Thus the major source 
of flaking stone would appear to have been nodules of cryptocrystalline 
rock located among the Leang-Leang karsts, even if river pebbles of me­
dium-grained and volcanic stone were often brought to the site to func­
tion as hammers, anvils and hearth stones (cf Chapman 1986: 77). 

The low proportion of lithics with over 50% cortex coverage, 6%, 
suggests that the preliminary treatment of the stone nodules, involving 
the removal of the exterior cortex with decortification flakes, occurred 
away from the site. Heat treatment of the stone also apparently occurred 
elsewhere, as negative potlid scars were occasionally observed on the 
cores, but no potlid fractures were found among the debitage. However, 
only 3% of cores and core fragments exhibited any signs of heat treat­
ment, so it would not seem to have been a common practice. The treated 
cores were percussed at Leang Burung, with very occasional pressure 
flaking or percussion with a soft hammer (three bending flakes compared 
to 1189 other flakes). The high quality of the stone may have obviated 
the need for much platform preparation, as only 19% of the flakes show 
overhang removal. The proportions of platform types are very similar to 
those at Leang Karassa (61% flat, 20% faceted, 10% crushed and 10% 
cortical). 

Core reduction seems to have been carried further at Leang Burung 
than at Leang Karassa, with a focus on Stages 4 and 5. The cores and 
flakes are significantly smaller on every measurement, except the lengths 
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of single-platform cores which are equal across the sites. Far more of the 
cores are broken. Small size of the cores may also be associated with the 
need to knap along flattish surfaces which, according to Cotterell and 
Kamminga (1987: 701), would explain the high proportion of Leang Bu­
rung flake terminations which are hinges (44%). (The other common 
terminations are steps, 29%, and feathers, 25%.) The blade to flake ratio 
is very low at 1:149, while the proportion of points to all stone artifacts 
is also slightly lower at Leang Burung (1.9%). However, bipolar work­
ing seems to have been as rare at Leang Burung (2% of cores, 0.5% of 
flakes) as at Leang Karassa, so the cores were not reduced to the point of 
total exhaustion. Indeed there is little evidence that the cores with bipo­
lar working are smaller than the other cores, suggesting that bipolar 
flaking was used as an occasional optional strategy at various steps along 
the reduction sequence. 

The technological differences between the two rockshelters boil down 
to less cortex, smaller cores and flakes, more broken cores, and a greater 
emphasis on Stage 5 at Leang Burung. These differences probably re­
flect an overall better quality of stone (including a higher proportion of 
cryptocrystalline stone), more curation of the stone, and the absence of 
preliminary core preparation at the site. 

4.3 Pammangkulang Batua 
The surface collection from Pammangkulang Batua merits an interpreta­
tion similar to that provided for Leang Burung, and any attempt at a 
more precise interpretation may be premature for two reasons. First, as a 
surface assemblage it has been exposed to different site-formation proc­
esses, and as a surface collection its composition depends on the sldll of 
the survey team to pick out the lithics from the background earth and 
grass. Second, most of the assemblage was studied and drawn by Bul­
beck in Ujung Pandang in 1987, so Pasqua had only a small 'control 
sample', 90 of the total assemblage of 422 lithics, to observe directly in 
terms of her modified Sullivan and Rozen scheme. The main value of 
our observations on Pammangkulang Batua may thus lie in demonstrat­
ing that our understanding of the Toalean, as developed on assemblages 
in rockshelters, can also be applied to open sites. 

There is little doubt that cryptocrystalline stone dominates the assem­
blage, accounting for an estimated 96% of pieces, while the remainder 
consists of medium-grained stone. The cryptocrystalline stone includes a 
bewildering variety of red, brown, pink, grey, white, and banded varie­
ties. Fully 11.9% of the cores and core fragments show evidence of heat 
treatment, but because only negative potlid scars (and no potlid flakes) 
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were identified, any heat treatment occurred elsewhere rather than at 
Pammangkulang Batua itself 

Cortex was rarer than at either rockshelter assemblage, being detected 
on only 76, or 29%, of complete, broken or fragmented flakes. As at Le­
ang Burung 1, the most frequent category of cortex coverage is under 
25% (17%), followed by 25-50% (8%), while decortification pieces with 
over 50% cortex are rare (4%). The cortex classes which Pasqua ob­
served were either geological (79% of cases) or secondary (21% of 
cases), and Bulbeck positively identified only a few cases of riverine 
cortex in the sample he observed in South Sulawesi (almost all other 
cases being unspecified). As regards platform morphology 54% are flat, 
39% are faceted, 6.5% are crushed, and 1% is cortical. This negligible 
number of cortical platforms supports the inference that preliminary core 
preparation did not take place at Pammangkulang Batua. In short, Pam­
mangkulang Batua appears to have been either a home base or a special-
purpose site to which the occupants carried their prepared cores (and 
other curated stone) collected predominantly from a wide sweep of out­
crops in the adjacent hills and monadnocks. 

There are two aspects of technological observations where Pasqua's 
data from the control sample produced a different perspective from Bul­
beck's observations made in South Sulawesi. Pasqua recorded more step 
than feather terminations on complete flakes whereas Bulbeck recorded 
more feathers than steps (with hinges and especially snap terminations 
rare in both samples). The combined observations (50% feather termina­
tions, 29% steps, 19% hinges, and 2% snaps) make sense in terms of the 
other attributes of Pammangkulang Batua discussed below, but need 
confirmation from re-observation of the collection retained in South Su­
lawesi. A more serious discrepancy relates to the frequency of bipolar 
working, as Pasqua found no evidence of this on her control sample, 
whereas Bulbeck's notes mention bipolar traits on 40% of cores and core 
fragments, and classify 9% of flakes as bipolar. Probably, Bulbeck con­
fused post-depositional damage (see below) with bipolar working, which 
was actually as rare at Pammangkulang Batua as at the rockshelter sites. 

Several lines of evidence indicate that treadage, scuffage and other 
disturbances have substantially influenced the Pammangkulang Batua 
assemblage. First, it has a low proportion of complete flakes as a total of 
flakes and flake fragments, 33% compared to 40-50% at the rockshelter 
sites, and a high ratio (in this case equalled at Leang Burung) of core 
fragments to complete cores. Second, while core and flake lengths and 
breadths are smaller than at either rockshelter site, significantly smaller 
than at Leang Burung on five of the six comparisons (see Table 1), core 
and flake thicknesses always exceed those at Leang Burung. Longer, 
broader cores and flakes are more likely to be broken through post-
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depositonal disturbance, and hence may be under-represented among the 
complete examples at Pammangkulang Batua, whilst thicker items may 
be over-represented as they are more likely to have remained intact. 
Third, 38% of the observed striking platforms exhibit signs of overhang 
removal, i.e. a higher proportion than at Leang Burung. This may reflect 
a technological strategy involving more fidgety work, related to the 
smaller size of the Pammangkulang Batua cores and flakes, just as the 
high incidence of feather terminations may reflect the knapping of 
thickish flakes from very high-quality stone. However, post-depositional 
damage could also account for these observations, as it could have pro­
duced flake scars behind the striking platform which mimic platform 
preparation, and had the effect of selectively culling flakes weakened by 
their preparation on flawed stone (associated more frequently with step 
and hinge terminations) from the sample of complete flakes. 

If we allow for the likely post-depositional effects at Pammangkulang 
Batua, the available observations suggest a focus on Stages 4 and 5 of 
the reduction sequence. This conclusion is supported by the absence of 
geometric microliths, the low ratio of blades to flakes (1:133), and the 
moderate ratio of points compared to all lithics (2.4%). Finally, the ab­
sence of bending flakes at Pammangkulang Batua agrees with the inter­
pretation, suggested by the rockshelter assemblages, that the Toalean in­
volving controlled knapping with a hard hammer to produce flakes, often 
as blanks for points, with only the most sporadic production of blades. 

5 DISCUSSION ^ 
Discussion of the technological analysis boils down to a comparison 
between the rockshelter assembages at Leang Karassa and Leang Bu­
rung 1, as both occur in the similar context of the limestone karsts of 
South Sulawesi, in deposits which were built up through similar site-
formation processes. The Pammangkulang Batua assemblage, by con­
trast, was apparently exposed to very different post-depositional proc­
esses, in a context lacking any evidence of ecofacts, and where usewear 
analysis would be hard to distinguish from the mimicking effects of 
trampling (cf Shea & Klenck 1993). Further, as the available profile of 
technological characteristics suggests a basic similarity with the Leang 
Burung 1 assemblage, and as the assemblages could well be of the same 
age, any discussion of Pammangkulang Batua can be subsumed under a 
discussion of Leang Burung 1. 

The Leang Burung assemblage differs from the Leang Karassa lithics 
by exhibiting less cores, smaller cores and flakes, more broken cores, 
more hinge terminations, and an emphasis on Stages 4 and 5 of Flenni-
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ken and White's reduction sequence (compared to Stages 3 and 4 at Le­
ang Karassa). These differences can be accounted for in terms of raw-
material quality and curation methods. The local stone utilized by the 
knappers at Leang Karassa appears to have contained frequent flaws and 
deeply inlaid cortex which decreased core productivity and increased the 
difficulty in manufacturing suitable flakes. The knappers at Leang Bu­
rung 1, however, apparently imported raw materials which contained less 
flaws and were therefore easier to work. 

These technological differences do not seem to explain the typologi­
cal contrasts which distinguish the aceramic assemblages from the ce­
ramic assemblage at Leang Karassa. For instance points constitute 2-3% 
of total lithics in all cases, but round- and straight-based varieties appear 
to have persisted into the Late Toalean after the hollow-based Maros 
points dropped out. Geometric microliths also apparently persisted, even 
though the weak expression of Stage 5 at Leang Karassa would have 
provided a sound explanation for their absence. Additional evidence of a 
decline in the knapping of standardized tools in South Sulawesi's late 
prehistory comes from Batu Ejaya 1, which is currently dated to around 
1(XX) BP. The excavated assemblage retains the 'magic' 2% frequency of 
points as a proportion of all lithics, but geometric microliths are report­
edly absent (Chapman 1986: 82). Possibly, then, the Leang Karassa late 
Toalean occupants were prepared to tolerate the poorer quality of stone 
available near the site as part of a temporal decline in the production of 
formal tools. Excavation and technological analysis of a preceramic as­
semblage from Leang Karassa could test whether this aspect of the as­
semblage excavated by Macknight reflects a temporal Toalean trend or 
rather the site's immediate access to flakeable stone of inferior quality. 

Any wider attempt to systematize our understanding of the Toalean 
would need to investigate the economic activities undertaken at the sites. 
Faunal assemblages were recovered during the 1969 excavations at Le­
ang Burung 1 and Leang Karassa, as well as at Batu Ejaya, but these had 
not been documented or analyzed by the time this paper was written. 
Chapman (1981, 1986) identified and described the flakes witii phytolith 
gloss from Leang Burung 1 and Batu Ejaya, but not from Leang Karassa. 
In addition to this data shortfall, there is some disagreement over the in­
terpretation of glossed flakes, as Sinha and Glover (1983/1984) argued 
that gloss morphology can be used as a guide to the sort of plants that 
were processed, whereas Chapman (1986: 81) objected that gloss char­
acteristics may only reflect the sort of activity that was performed. Mi­
croscopic identification of the phytoliths themselves should reveal what 
sort of plant had been processed, but this avenue of investigation has not 
been started on any Toalean assemblage. Equally important in future in-
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vestigations, and yet untried, would be the study of residues (besides 
phytolith gloss) on Toalean tools. ,> 'r-..--if^:/.,;.n^i^ 

6 CONCLUSION . ' . . . -r-s . > - ''^ 

On the basis of the definitions of the terms 'tradition' and 'industry' 
given by Bahn (1992), the Toalean is best regarded as a tradition. The 
required 'long-term continuity in either individual technologies or attrib­
utes' (Bahn 1992: 513) is at least partly satisfied by Pasqua's successful 
application of Flenniken and White's core-reduction sequence to explain 
the technological differences between the c. 4000 and c. 2500 year old 
assemblages at Leang Burung 1 and Leang Karassa. The knappers ap­
pear to have followed the same core-reduction strategy despite the typo­
logical differences comparing Leang Burung 1 (and Pammangkulang 
Batua) with Leang Karassa. 

These typological differences are precisely why the Toalean cannot be 
considered an industry, as it does not measure up to 'a frequently re­
peated assemblage of restricted content' (Bahn 1992: 227). Indeed, as 
Figure 1 suggests, Maros points do not appear to have been found north­
east of the upper Walanae drainage, whilst bone points are absent from 
some Late Holocene assemblages such as those excavated in 1969 at Le­
ang Karassa and Batu Ejaya. The question therefore arises whether older 
South Sulawesi assemblages, such as the Upper Pleistocene lithics from 
Leang Burung 2, and younger assemblages such as the Batu Ejaya 
lithics, should be included in the Toalean. These assemblages would 
certainly be excluded if Flenniken and White's reduction sequence were 
found to be inapplicable; however, their model is quite general and may 
well apply to numerous traditions. Unless 'Toalean' is simply to become 
a synonym for 'South Sulawesi flaked artifacts', it is probably wisest to 
restrict usage of the term to assemblages including a 'Mesolithic' com­
ponent, especially points with serrated edges, backed blades, geometric 
microliths and bone points. At the same time, location within South Su­
lawesi (or a nearby Indonesian region) should be considered a necessary 
attribute of a Toalean assemblage, so as to distinguish the Toalean from 
similar traditions in Australia, South Asia and elsewhere. 

In sum, the Toalean can best be considered a tradition based on a 
chronologically variable expression of a limited range of formal 'Meso­
lithic' tools, of which points are a consistent constituent, mediated 
through application of a general flaking technology similar to that pro­
posed for Australia. This conclusion is, however, only the starting point 
for an attempt to explain variability within the Toalean through eco­
nomic and technological factors, as well as the typological indicators. 
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We still do not have answers to such basic questions as whether the in­
troduction of ceramics and horticulture to South Sulawesi were associ­
ated with each other, whether ironworking displaced stone knapping (cf 
Chapman 1986: 84), or whether rockshelter sequences (as opposed to 
open sites) might bias the archaeological record towards the apparition 
of cultural continuity reaching across what were really junctures of ma­
jor economic and cultural change. 
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35,000 years of prehistory in the northern 
Moluccas' 
1 INTRODL'CTION ^ ' ' ^ . v ^../^ 

The northern Moluccan islands, comprising Halmahera, Morotai, Bacan, 
Obi and the various small satellite islands of the region, occupy an obvi­
ously strategic geographical location between the major islands of Su­
lawesi, the southern Philippines and New Guinea. Given current under­
standing of the archaeological and linguistic prehistories of Indonesia 
and Oceania, it can be suggested that the northern Moluccas could have 
played important roles in the following periods of prehistory: 

1. During the period of initial human migration through eastern Indo­
nesia towards Australia and New Guinea. Currently, it is not clear 
whether the first Australians reached Australia by crossing from Timor 
and Nusa Tenggara, or whether they reached New Guinea first via the 
close-set islands which run from eastern Sulawesi and Sula, via Obi, to 
Halmahera, Gebe and west New Guinea. We may never know the exact 
route, indeed there could have been crossings of both, and the chronol­
ogy of this dispersal is also under debate. Radiocarbon dating in Austra­
lia suggests earliest dates of c. 40,000 BP, whereas luminescence dating 
suggests dates greatly in excess of this, perhaps as much as 60,000 years. 

2. During the period of Austronesian (AN) population dispersal into 
the Pacific, dated in the case of western Oceania by archaeological and 
linguistic means to c. 3300 BP. Linguistic evidence suggests that the AN 
languages of southern Halmahera relate, more closely than any other AN 
languages in Indonesia, to the Oceanic AN languages of Melanesia, Mi­
cronesia and Polynesia. If this is so, then the Halmahera region could 
have been the immediate homeland for the languages of the Oceanic 
subgroup and their speakers. The archaeology of this dispersal in west-
em Melanesia is related directly to the Lapita cultural complex, which 
apparently commenced c. 3300 BP in the Bismarck Archipelago. 
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