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l. INTRODUCTION 

ThePlio-Pleistocene ofthe island of Sulawesi, formerly 
Celebes, has won a certain farne with its vertebrate 
fossils of the Archidiskodon-Celebochoerus fauna and 
its stone implements of the Cabenge industry. 1  In this 
paper we delve into the h istory of the research, and into 
the general Neogene stratigraphy of the area with the 
mostpromising fossil localities: the Walanae depression 
in the southwestern peninsula. This paper might be 
regarded as a sequel in a recent series on Sulawesi. The 
first one summarized our hypothesis that contrary to 
general belief the fossils and artifacts in the Walanae 
area are not equal or near-equal in age, and that the 
Cabenge industry could be associated with early Homo 
sapiens (Bartstra et al . ,  199 1). A second paper dealt 
with newly acquired fossil remains, especiaIly men
tioning a stegodont molar from the northwestern part of 
Central Sulawesi (Bartstra & Hooijer, 1992). A third 
paper focuses on the artifacts of the Cabenge industry, 
and is also presented in this volume (Keates & Bartstra). 

Figure l explains the geographic situation, with the 
area of interest. This prime region of the various finds 
lies directly so uth of a marked topographic depression 
(the so-called Singkang embayment (Beltz, 1944) or 
Tempe depression (van Bemmelen, 1949» which 
separates the southwestern peninsula of Sulawesi from 
the central part ofthe island and which extends from the 
mouth of the River Sadang to the mouth of the River 
Cenrana (the shaded area in fig. l). Until recent ly this 

depression was covered by the sea; the three present 
lakes are a vestige of this situation. The largest is Lake 
Tempe, and the River Walanae debouches herein. The 
drainage area ofthe Walanae, which stretches far to the 
so uth and is bordered by mountain ranges, is here 
referred to as the Walanae depression. 

2. THE NOTION OF NON-CONTEMPORANEITY 

One should approach the hazy shores of Sulawesi from 
the west, via the Makassar Strait. Sailing this sea, one 
can imagine being part of the first groups of Homo 
sapiens that trave l ied from Sundaland2 eastwards and 
which saw Sulawesi appear as the new frontier. There 
is yet another reason to favour this western approach: 
one will be sailing renowned waters. In 1860 the great 
naturalist Wallace (the one who al most beat Darwin) 
expressed his idea of a zoogeographical boundary 
straight through the archipelago of Southeast Asia. To 
the west ofWallace 's  Line3 there was an Asiatic animal 
world with highly developed mammals; to the east of it 
an Australian one with primitive types l ike the duck
billed platypus and marsupials. According to Wallace 
this

' 
boundary coincided with inter alia the deep 

Makassar Strait, which would mean that the fauna of 
Sulawesi should be totally differen! from that of Java or 
Borneo (Kalimantan). 

However, when around the turn of fhe century the 
exploration ofthe interior ofSulawesi slowly got under 
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way, it  became clear that animaIs were living there of 
clearly Asiatic origin, like monkeys, buffaloes, and 
pigs. It was therefore assumed that land-bridges had 
existed, which had from time to time connected Sulawesi 
with mainland Asia, and across which animaIs had been 
able to migrate. The Sarasins (1901, 1905), for example, 
concluded that such early invasions had occurred, on 
the basis ofthe existence of archaic forms in the present
day fauna. The Sarasins were aIready undermining 
Wallace's Line by proposing that the fauna ofSulawesi 
is a mixed fauna, with a predominantly Asiatic character. 
In their opinion there never was a land-bridge to Borneo, 
but most probably there was one linking Sulawesi to 
Asia via the Philippines. This idearemained hypothetical, 
however, as during their expeditions (from 1893-1896 
and from 1902-1903) the Sarasins did not find any 
fossils that could have provided them with supporting 
evidence. It was not until much later that such fossils 
came to light. 

Fig. I. Island Southeast Asia. and the southwestern peninsula of 
Sulawesi with geographic features and names referred to in the tex!. 
The shaded area (schematic) is the so-called Tempe depression. The 
dotted area (idem) indicates the Neogene island. The area within the 
rectangle is the main region of artifact sites and fossil localities. 

In the summer of 1970 a dream came true for van 
Heekeren, a Dutch prehistorian and former employee 
with the Indonesian Archaeological Service. As or
ganizer and co-leader of a scientific team, he was able 
to return to the area of his most cherished discoveries. 
In the hiIIy country east of the small town of Cabenge 
in South Sulawesi, i n  the area ofthe great Walanae river 
(figs l and 2), he had found in the years 1947-1950 
fossil fragments of vertebrates toget her with heavily 
patinated fIakes and cores of a presumably Palaeolithic 
stone industry (van Heekeren, 1949a; 1949b; 1949c). 

AIready in 1946 van Heekeren had started looking 
for fossils and implements on remnants ofraised beaches 
along the Makassar Strait and Bone Gulf. He found 
them a year later in the interior of South Sulawesi 
(Bartstra, 1993). The fossil vertebrate fragments were 
brought to the Netherlands, where they were identified 
and described in a 10ng succession of papers by one of 
us (D.A.H.), in those far-off days the newly appointed 
curator of the Dubois collection of fossil vertebrates at 
the Museum ofNatural History at Leiden. 4 The first paper 
on the fossil fauna of Sulawesi appeared in 1948 and 
gave detail s of a giant suoid, Celehochoerus heekereni, 
with which species designation the finder of the new 
material was uniquely honoured. In the course of further 
publications, in which also elephantoid bones were 
described, the new fauna of southern Sulawesi became 
well-known under the name: Archidiskodon-Cele
bochoerus fauna (for summaries see: Hooijer, 1949b; 
1960; 1975). 

Meanwhile the political instability in Sulawesi and 
the worsening relations between the young republic of 
Indonesia and the Netherlands had made it  impossible 
for van Heekeren to continue his research. Twenty long 
years elapsed, but at last in 1970 Uncle Bob (as van 
Heekeren was known to his friends) returned into the 
field for a prolonged period.5 

The 1970 Joint Indonesian-Dutch Sulawesi Pre
historic Expedition was financed by WOTRO, the 

- Netherlands Foundation for the Advancement of 
TropicaI Research. In a final proposal to (presumably) 
WOTRO, written in January 1970, van Heekeren 's 
ideas become quite c1ear.6 He developed a working 
hypothesis for the fieId: the fossils and artifacts to the 
east of Cabenge are equally old and date from the 
Pleistocene. According to him, there is a good chance 
that Homo erectlls (Pithecanthropus erectlls) is to be 
found in the area. This l atter possibility was van 
Heekeren 's true dream, cherished from the days of the 
first finds, as is apparent from the small molars and 
molar fragments that he continually picked up, in the 
hope of finding Pithecanthropus at last, but which 
invariably turned out to come from suoids (Bartstra & 
Hooijer; 1992). 

The members of the 1970 expedition were housed in 
the v iII age ofBeru, directly east ofCabenge (fig. 2), and 
for more than six weeks (in June, July and August) the 
surroundings were thoroughly explored, all on foot. We 
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know, for three of us were members of the team: two 
(GJ.B. and B.K.) at that time still mere students of 
prehistory, but the third (D.A.H.) by then a well-known 
curator of fossil vertebrates at the Leiden museum.7 The 
fourth au thor (M.A.A.) was a schoolboy then, often 
accompanying us on our trips. The geomorphology and 
stratigraphy of the Beru region became very familiar, 
and many artifacts and fossils were collected, from the 
surface as well as from excavations. In re-reading our 
fieldnotes from that period, we vividly remember the 
discussions on the high verandah of our home in the hot 
and lazy aftemoons, van Heekeren clad in sarong and 
every now and then extinguishing his half-finished 
cigarettes. The discussions centred on the con tem
poraneity of artifacts and fossils, and, of course, on 
PithecanthroplIs erectus. 

In 1974 van Heekeren died unexpectedly. He was 
working on a monograph conceming the Sulawesi 
expedition, but only a few notes and the introductory 
pages of this manuscript seem to have survived. These 
became available to us some five years ago when van 
Heekeren 's sons emptied a large cabin trunk in the attic 
of his former house. It is interesting to know what van 
Heekeren thought about his working hypothesis after 
the 1970 expedition, nurtured by six weeks of field 
research and discussions with fellow scientists.8 

An indication might be found in van Heekeren's 
ideas on the chronology of the Indonesian prehistory, 
published posthumously in 1975. The stone implements 
from the surroundings of Beru, meanwhile officially 
termed the Palaeolithic Cabenge industry, are dated to 
the very beginning ofthe Upper Pleistocene (estimated 
age between 200 and 100 ka), while the same age is 
given to the fossil vertebrate remains ofSouth Sulawesi, 
theArchidiskodon-Celehochoerusfauna. Van Heekeren 
was thus still convinced of a contemporaneity of artifacts 
and fossils. Pithecanthropus is still in the picture, albeit 
a late one, for in the chronology van Heekeren associates 
the tools from Sulawesi with Homo soloensis9; a thought
experiment, of course, for no hominid remains were 
unearthed during the expedition of 1970. 

From the cabin trunk there also emerged an 
incomplete type-w ritten report, possibly prepared in the 
fall of 1970 for WOTRO or the Indonesian Archaeo
logical Service. IO From this it becomes clear why van 
Heekeren 's belief in the contemporaneity offossils and 
artifacts could not be shattered. Although he mentions 
fossil localities around Beru where no artifacts could be 
traced (for instance Sompe and Celeko, fig. 2), he 
recollects the second excavation ofthe 1970 expedition 
where flake tools and vertebrate remains were found 
together 'in the very heart ofthe gravel' . Van Heekeren 
is referring here to the excavation at Marale (officially 
termed Beru or Baru II), immediately south of the main 
village ofBeru, in which an abradedStegodon molar had 
been found on top of a river-laid, gravelly , reddish sand. 
The superincumbent bed was a coarse, fluviatile gravel, 
with some worked flakes at the very top. In this report 

van Heekeren does consider the possibility that the 
molar from Marale comes from olderdeposits, but in his 
heart he continues to believe in contemporaneity, to be 
demonstrated in forthcoming 'Iarge-scale excavations ' .  

The research of  1970 had made it  clear that the 
implementiferous stream gravels near Beru (including 
this superincumbent Marale gravel), apparently all 
remnants of a terrace system of the Walanae river, 
might actually be fairly recent from a geomorphological 
viewpoint, that is to say Upper Pleistocene at most. 
Thus in his 1970 fall report and in later publications van 
Heekeren was forced to take into account the possibility 
of this relatively recent age. A rather advanced 
technology exhibited by some of the flakes of the 
Cabenge industry could only confirm this dating, but 
van Heekeren 's  belief in contemporaneity would also 
imply thai the vertebrate fossils of Beru were then of 
Upper Pleistocene age. S upport for this viewpoint could 
be found in the peculiar status of the Archidiskodon
Celehochoerus fauna which had already become clear 
before 1970: impoverished, endernic, and insular, with 
full-sized species and dwarf descendants toget her. 
Nobody knows how long it takes for full-sized species 
to dwarf; therefore, an Upper Pleistocene age for some 
of the fossil remains did not seem improbable to van 
Heekeren. 

The notes and introductory pages, including a table 
of contents, of the Sulawesi manuscript van Heekeren 
was working on, and which emerged from the trunk, 
indicate that the final volume might have been quite 
substantial. Reading the pages, it  can nowhere be 
surmised that the author had had second thoughts as to 
the supposed contemporaneity of fossils and artifacts. 
On the contrary, van Heekeren writes about fossil 
vertebrates "recovered in association with Palaeolithic 
tools", and stone implements "always accompanied by 
remains of the Archidiskodon-Celehochoerus fauna". 
Thus it appears that van Heekeren had not essentially 
changed his views about the fossils and artifacts of 
South Sulawesi after the field campaign of 1970; at 
most he had become more cautious with regard to the 
age i nterpretation. As a final check one can consult van 
Heekeren's  book about the Stone Age of Indonesia, 
published in 1972. This work is in fact a revised and 
extended version of an earlier publication on the same 
subject that appeared in 1957. The new text was 
undoubtedly concluded before the 1970 campaign in 
Sulawesi, but it  should still have been pos si ble to 
correct the gaIleys, if new results would have provided 
reason for doing so. But in the 1972 text it is still stat ed 
that the "Palaeolithic artifacts and the fossil vertebrates, 
or at least the larger part of the latter, are presumably of 
the same age". 

In 1977 one of us (GJ.B.) volced a different  opinion 
in a paper on the stratigraphy of South Sulawesi : fossils 
and artifacts are not contemporaneous. The vertebrate 
remains of the Archidiskodon-Celebochoerus fauna 
occur in situ (autochthonous) in the top-sediment ofthe 
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Fig. 2. Sketch map of the main area of interest in the northern Walanae depression, giving geomorphological and stratigraphical information. as 
well as names referred to in the text (parti y after Sjahroel ( 1 970). Sukamto ( 1 975) and Sartono ( 1 979). I .  Alluvial; 2. Volcanic rock; 3.  Limestone; 
4. Walanae Formation; 5. Anticl ine; 6. Faul t  line; U. Up; D. Down. The volcanic rock, the limestone and the greater part of the sediments of the 
Walanae Formation are all Tertiary in age (see tex!). The alluvial deposits are main ly Holocene. 

The amplitude of the anticl ines to the right of  the Walanae diminishes toward the east. Whereas the first anticline (A) is a distinct 
geomorphological feature, the second one (B) is difficult to recognise in the landscape. The crest of (B) is situated just outside the right edge of 
the above figure. 

The various fossil localities are underlined: those c1ustered on the first anticline with a single l ine, those probably located on the western slope 
ofthe second anticline with a double line. Triple lines indicate the localities west ofthe Walanae. The town ofSoppeng is not specifically mentioned 
in the text as a fossi l locality. But there seem to exist som e mi nor bone-bearing outcrops in the northern part of this town, probably belonging to 
the same sediment sequence which is exposed at Padali. 

Not drawn on this map are the scattered remnants o f riverterrace gravel, all Pleistocene in age, and overlying the Beru member ofthe Walanae 
Formation on the west-facing slope of the first anticline. This gravel is implementiferous (Palaeolithic Cabenge industry; Keates & Bartstra, this 
volume), and is mainly found between the 10caJities ofBeru and Lakibong. I t  is matched by a gravelsheet on the lefl side ofthe Walanae, for example 
near Jampu (C). 

The smal! town of Cabenge, which gave its name to the Palaeolithic Cabenge industry, but is not of particular importance as far as fossil finds 
are concerned, is also not located on this map (see fig. I; and Keates & Bartstra. this volume). 

bedrock of the region, around Beru consisting of partI y 
eonsol idated sandstones and eonglomerates. The 
Walanae river has cut into this bedrock, and therefore 
abraded (alloehthonous) fragments ofvertebrates are to 
be found in the Walanae terraee fills. Erosion of the 
bedrock also oeeurs where these sand stones and 
eonglomerates outerop, so that the fossil fragments 
beeome seattered over the fields. What Bartstra sees as 

being most important, as it  has been the souree of all the 
confusion, is an unravelling of the various gravels that 
ean be traeed around Beru. These are either true river
terraee graveIs, or the residue of eonglomeratie bedrock 
sediment, or a loeal mixture of the two. Fossils of 
vertebrates oeeur in all three graveIs. The Palaeolithie 
artifaets ofthe Cabenge industry ean only be assoeiated 
with the terraee gravel; it is even possibIe that they lie 
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only on the surface in the fieIds around Beru, 
concentrated in true, prehistoric sites. Bartstra thus 
emphasizes a distinct difference in age between fossils 
and artifacts: the vertebrates are Lower Pleistocene or 
Upper Pliocene, but the implements are definitely Upper 
Pleistocene, and for a large part maybe even younger. 
Pithecanthropus or Homo erectus is not mentioned in 
the 1977 text, but it is clear that no finds of this particular 
hominid can be expected around Beru: the faunal remains 
are toa old and the artifacts are toa recent. 

These ideas put forward in 1977 did not simply come 
out of the blue. As mentioned above, all four of us took 
part in the 1970 field trips, and thus we had the 
opportunity to make our own observations and to take 
notes. However, our initial approach to the questions of 
geomorphology and stratigraphy was biased by the 
postulate of contemporaneity, and it to ok quite some 
time before opposite views became established. In 1971 
one of us (GJ.B.) published a popular report about the 
1970 expedition, in which the contemporaneity of the 
fossils and artifacts was not yet contested. When another 
one of us (D.A.H.) published, in 1972, the fossil material 
that the expedition had yielded, the question of 
contemporaneity was not discussed. In an article 
published by Hooijer in 1973 it was still suggested that 
the extinction of the Archidiskodon-Celehochoerus 
fauna might have been caused by early man, in view of 
the presence of stone impJements. 

But the seed of doubt was sown definitively during 
the six weeks of fieldwork in 1970. With hindsight, it is 
curious to read in our notes several puzzling entries 
about the occurrence of fossils and a11ifacts. Why were 
artifacts never found in the fossiliferous consolidated 
sandstones and conglomerates? Why were they found 
only in loose graveIs? Experience acquired in the years 
directly after 1970, during fieldwork on Java, Flores, 
and Timor, in which much attention was devoted to the 
genesis and morphology of river terraces, was very 
valuable for the ultimate verification of the view that the 
Walanae terrace gravels should be distinguished from 
the eroding cemented conglomerates, thus indicating 
that vertebrate localities and artifact sites around Beru 
are separate in terms of time and place. Many of our 
field observations, with which the emerging notion of 
non-contemporaneity could be tested, were shared with 
Sjahroel, the geologist of the 1970 expedition. All three 
of us have on many occasions accompanied Sjahroel on 
his trips in the fieId, and we have leamt a lot from him. 
In the end, our ideas on the local stratigraphic section 
differed from Sjahroel's (for instance, he saw Plio
Pleistocene beach gravel in many of the coarse cIastics 
that we designated as Upper Pleistocene Walanae high 
terrace veneer), but on the basic stratigraphy of the area 
around Beru we all agreed. Thus, at the end of the 1970s 
the working hypothesis for palaeontological and 
archaeological fieldwork in the region was precisely the 
opposite of what it had been at the beginning of the 
decade. 

In 1978 a new expedition was organized to the Beru 
area in cooperation with the Indonesian Archaeological 

. Service and once again financed by WOTRO. During 
almost four months of fieldwork (May/June and Sep
tember/October) with terrain surveys and small-scale 
excavations, it became possibie to confirm the non
contemporaneity of artifacts and fossils, and new 
archaeological and geological data were acquired 
(Bartstra, 1978; Sartono, 1979). In 1980 the research 
around Beru was once more resumed, this time paid for 
by the University of Groningen. It incIuded borings 
being made in the sediments of the three lakes in the 
Tempe depression, the remainders of the former sea 
connection, and palynological information was provided 
(Gremmen, 1990). During the eighties nearly every 
year the area around Beru was briefly visited and ideas 
about the manufacturers of the Cabenge stone tools 
became more and more established (Bartstra et al., 
1991; Keates & Bartstra, this volume; compare also: 
Shutler, 1991). 

The region to the north of the lakes was also 
investigated. In 1987 it became possibJe for the first 
time to travel by landrover across the thickly forested, 
central part·of Sulawesi, that had previously only been 
accessible on foot, and a small expedition was organized 
to the area southeast of the small town of Palu (fig. I ). 
Our belief that vertebrate fossils were to be expected 
also in northem Central Sulawesi came true in 1992 
with the find of a fragment of a mandibular portion with 
partial molar of Stegodon cf. trigol1ocephallls (Bartstra 
& Hooijer, 1992). We have recently been informed on 
more finds of vertebrate remains in this northem niche: 
evidently a portion of a molar of Stegodon sp .. Precise 
measurements are not yet available. 

3. THE IDEA OF AN ANCIENT SHORE 

Van Heekeren saw in the hilly landscape around Beru 
(fig. 2) only heavily dissected terraces, to be associated 
with the drainage pattem of the River Walanae. In one 
of his reports he refers to aggradation terraces, with at 
least five levels.11 At the third and fourth level, 50 m and 
75 m above sea-Ievel, he found the fossils and artifacts, 
scattered on the surface. According to van Heekeren 
(1972) one of these level s was bordered 'on both sides' 
by cemented gravels and sandstones. Here he is probably 
referring to the scarps, the transitional slopes between 
the various terrace levels or treads, where consolidated 
cIastics do indeed outcrop. In van Heekeren's view 
these gravels and sandstones form part of the terrace 
deposits. 

In a paper published in 1977 one of us (G.J.B.) 
considerably diminished the importance of terrace 
sediments in the area around Beru. Such sediments do 
occur, but apart from accumulated clays in the low 
terrace they are only recognizable in rather thin, loose 
gravel veneers, laid down on the hill-slopes facing the 
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Fig. 2. Sketch map of the main area of interest in the northern Walanae depression. giving geomorphological and stratigraphical information. as 
well as names referred to in the text (panly after Sjahroel ( 1 970). Sukamto ( 1 975) and Sanono ( 1 979). I .  Al luvial; 2. Volcanic rock; 3.  Limestone; 
4. Walanae Formation; 5.  Anticline; 6. Fault line; U. Up; D. Down. The volcanic rock, the limestone and the greater pan of the sediments of the 
Walanae Formation are all Teniary in age (see tex t). The alluvial deposits are main ly Holocene. 

The amplitude of the anticlines to the right of the Walanae diminishes toward the easl. Whereas the first anticline (A) is a distinct 
geomorphological feature, the second one (B) is di fficult to recognise in the landscape. The crest of (B) is situated just outside the right edge of  
the above figure. 

The various fossil localities are underlined: those c1ustered on the first anticline with a single line, those probably located on the western slope 
of the secondanticline with a double line. Triple lines indicate the localities west of the Walanae. The town of Soppeng is not specifically mentioned 
in the text as a fossil locality. But there seem to exist some minor bone-bearing outcrops in the northem pan of this town. probably belonging to 
the same sediment sequence which is exposed at Padali. 

Not drawn on this map are the scattered remnants of riverterrace gravel, all Pleistocene in age. and overlying the Beru member of the Walanae 
Formation on the west-facing slope of the first anticline. This gravel is implementiferous (Palaeolithic Cabenge industry; Keates & Bartstra, thi s 
volume), and is mainl y  found between the localities of Beru and Lakibong. It is matched by a gravelsheet on the left side o f t he Walanae, forexample 
near Jampu (C). 

The small town of Cabenge, which gave its name to the Palaeolithic Cabenge industry, but is not of particular importance as far as fossil finds 
are concemed, is also not located on thi s map (see fig. I ;  and Keates & Bartstra, this volume). 

bedrock of the region, around Beru consisting of parti y 
consolidated sandstones and conglomerates. The 
Walanae river has cut into thi s bedrock, and therefore 
abraded (allochthonous) fragments of vertebrates are to 
be found in the Walanae terraee fills. Erosion of the 
bedrock also oeeurs where these sandstones and 
eonglomerates outerop, so that the fossil fragments 
beeome seattered over the fields. What Bartstra sees as 

being most important, as it has been the souree of all the 
confusion, is an unravelling of the various gravels that 
ean be traeed around Beru. These are either true river
terraee graveis, or the residue of eonglomeratic bedrock 
sediment, or a loeal mixture of the two. Fossils of 
vertebrates oeeur in all three graveis. The Palaeolithie 
al1ifaets of the Cabenge industry ean only be associated 
with the terraee gravel; it is even possibie that they lie 
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only on the s urface i n  the fieids around Beru, 
concentrated in true, prehistoric sites. Bartstra thus 
emphasizes a distinct difference in age between fossils 
and artifacts: the vertebrates are Lower Pleistocene or 
Upper Pliocene, but the implements are definitely Upper 
Pleistocene, and for a large part maybe even younger. 
PithecanthroplIs or Homo erectus is  not mentioned in 
the 1977 text, but it is clear that no finds ofthis particular 
hominid can be expected around Beru: the faunal remains 
are toa old and the artifacts are toa recent. 

These ideas put forward in 1977 did not simply come 
out of the blue. As mentioned above, all four of us took 
part in the 1970 field trips, and thus we had the 
opportunity to make our own observations and to take 
notes. However, our initial approach to the questions of 
geomorphology and stratigraphy was biased by the 
postulate of contemporaneity, and it took quite some 
time before opposite views became established. In 197 1 
one of us (GJ.B.) published a pop ul ar report about the 
1970 expedition, in which the contemporaneity of the 
fossils and artifacts was not yet contested. When another 
one ofus (D.A.H.) published, in 1972, the fossil material 
that the expedition had yielded, the question of 
contemporaneity was not discussed. In an article 
published by Hooijer in 1973 it was sti ll suggested that 
the extinction of the Archidiskodol1-Celehochoerus 
fauna might have been caused by early man, in view of 
the presence of stone implements. 

But the seed of doubt was sown definitively during 
the six weeks offieldwork in 1970. With hindsight, it is 
curious to read in our notes several puzzling entries 
about the occurrence of fossils and at1ifacts. Why were 
artifacts never found in the fossiliferous consolidated 
sandstones and conglomerates? Why were they found 
only in loose graveis? Experience acquired in the years 
directly after 1970, during fieldwork on Java, Flores, 
and Timor, in which much attention was devoted to the 
genesis and morphology of river terraces, was very 
valuable for the ultimate verification ofthe view that the 
Walanae terrace gravels should be distinguished from 
the eroding cemented conglomerates, thus indicating 
that vertebrate localities and artifact sites around Beru 
are separate in terms of time and place. Many of our 
field observations, with which the emerging notion of 
non-contemporaneity could be tested, were shared with 
Sjahroel, the geologist ofthe 1970 expedition. All three 
of us have on many occasions accompanied Sjahroel on 
his trips in the fieid, and we have leamt a lot from him. 
In the end, our ideas on the local stratigraphic section 
differed from Sjahroel ' s  (for instance, he saw Plio
Pleistocene beach gravet in many of the coarse c1astics 
that we designated as Upper Pleistocene Walanae high 
terrace veneer), but on the basic stratigraphy of the area 
around Beru we all agreed. Thus, at the end ofthe 1970s 
the working hypothesis for palaeontological and 
archaeological fieldwork in the region was precisely the 
opposite of what it had been at the beginning of the 
decade. 

In 1978 a new expedition was organized to the Beru 
area in cooperation with the Indonesian Archaeological 

. Service and once again financed by WOTRO. During 
almost four months of fieldwork (May/June and Sep
tember/October) with terrain surveys and small-scale 
excavations, it became possibie to confirm the non
contemporaneity of artifacts and fossils, and new 
archaeological and geological data were acquired 
(Bartstra, 1978; Sartono, 1979). In 1980 the research 
around Beru was once more resumed, this time paid for 
by the University of Groningen. It inc1uded borings 
being made in the sediments of the three lakes in the 
Tempe depression, the remainders of the former sea 
connection, and palynological information was provided 
(Gremmen, 1990). During the eighties nearly every 
year the area around Beru was briefly visited and ideas 
about the manufacturers of the Cabenge stone tools 
became more and more established (Bartstra et al . ,  
199 1 ;  Keates & Bartstra, this volume; compare also: 
Shutler, 199 1). 

The region to the north of the lakes was also 
investigated. In 1987 it became possibie for the first 
time to travel by landrover across the thickly forested, 
central partof Sulawesi, that had previously only been 
accessibie on foot, and a small expedition was organized 
to the area southeast of the small town of Palu (fig. I ). 
Our belief that vertebrate fossils were to be expected 
also in northem Central Sulawesi came true in 1992 
with the find of a fragment of a mand ib ul ar portion with 
partial molar of Stegodol1 cf. trigol1ocephallls (Bartstra 
& Hooijer, 1992). We have recently been informed on 
more finds of vertebrate remains in this northem niche: 
evidently a portion of a molar of Stegodol1 sp .. Precise 
measurements are not yet available. 

3. THE IDEA OF AN ANClliNT SHORE 

Van Heekeren saw in the hilly landscape around Beru 
(fig. 2) only heavily dissected terraces, to be associated 
with the drainage pattem of the River Walanae. In one 
of his reports he refers to aggradation terraces, with at 
least five levels." At the third and fourth level, 50 m and 
75 m above sea-Ievel, he found the fossils and artifacts, 
scattered on the surface. According to van Heekeren 
( 1972) one of these levels was bordered 'on both sides' 
by cemented gravels and sandstones. Here he is probably 
referring to the scarps, the transitional slopes between 
the various terrace levels or treads, where consolidated 
c1astics do indeed outcrop. In van Heekeren's view 
these gravels and sandstones form part of the terrace 
deposits. 

In a paper published in 1977 one of us (GJ.B .) 
considerably diminished the importance of terrace 
sediments in the area around Beru. Such sediments do 
occur, but apart from accumulated c1ays in the low 
terrace they are only recognizable in rather thin, loose 
gravel veneers, laid down on the hill-slopes facing the 
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river. Where a seemingly thicker fill occurs on the 
higher leveIs, slope wash must be reckoned with (local 
alluvium). The consolidated clastics that outcrop in this 
landscape have nothing to do with terrace sediments. 
These clastics form the bedrock ofthe region, pushed up 
in anticlinal ridges with a north-south orientation (fig. 
2), consisting in the oldest parts (the cores of the 
anticlines) offine-textured sediments such as clay shales, 
tuffaceous and calcareous sandstones, and marIs, and i n  
the younger parts (the outer layers o f  the anticlines) of 
coarser material such as graveIly sandstones and 
conglomerates. The whole sequence is graded and 
distinetly coarsening upward, and is therefore indicati ve 
of the shaIIowing of a former sedimentary basin. 

A glance through the l iterature shows that the general 
geological situation ofthe area has been well known for 
some time. It was Wichmann ( 1 890) who first mentioned 
a conspicuous anticlinal sandstone ridge with marine 
fossils, situated east of Lake Tempe and extending 
southwards. This observation is later confirmed by 't 
Hoen and Ziegler ( 19 1 7), while they identify more 
anticlines. They attribute the layered anticlinal rock to 
what they define as the Walanae or Bone Formation. 
According to the two authors this is a typical basin fill, 
of Neogene age. Rutten ( 1927, 1932) estimates the 
thickness of this formation to be at least 3000 m. In his 
opinion folding took place around the transition from 
Pliocene to Pleistocene, afterwhich 'severe denudation' 
occurred. 

These subsiding basins, where large quantities of 
sediment co uld accumulate, are characteristic of the 
Neogene in many places in island Southeast Asia, when 
the greater part of the present archipelago was covered 
by the sea. In southern Sulawesi sue h a basin fill occurs 
not only in the Walanae depression (the study area of ' t  
Hoen and Ziegler), but  also to the east (Wichmann's  
anticline) and to  the north of  Lake Tempe, where for 
instance de Koning Knijff ( 19 1 4) found extended 
deposits of sandstones and marly clays. One has to 
envisage the southern part ofthe southwest peninsula of 
Sulawesi at the beginning ofthe Neogene (Miocene) as 
a separate, U-shaped island (the dotted area in fig. l), 
where western, southern and eastern mountain ranges 
enclosed an expanse of sea. This was the basin in which 
the sediments of the Walanae Formation developed: for 
a large part the erosional debris (the socalled extra
basinal depositsl2) of the surrounding mountains and 
their foothills. In the south much tuffaceous material 
was also deposited; there is Iess of this in the north, but 
this latter region was more distant from the Neogene 
cores of volcanic activity. 

The silting up of this basin began in the south, and as 
a result the regressive order of the sediments of the 
Walanae Formation is still best preserved in the north. 
When in the south deltaic, l ittoral, or even fluvial 
sediments were aIready laid down, in the north (around 
the present-day village of Beru) marine sedimentation 
was still taking place. The southem non-marine deposits 

have subsequently been eroded in the long eons of the 
Pliocene and Pleistocene, and it is only in the north 
(once again, around Beru), the last area of the former 
basin to become dry, that remnants of non-marine 
(delta ic and fluvial), or mixed marine/non-marine 
(estuarine and littoraI) or shallow marine (nearshore, 
subtidal) deposit have been preserved, nowadays 
constituting the matrix of the Archidiskodon-Cele
bochoerus fauna. 

The Sarasins ( 190 I ,  1905) invented the term Celebes 
molasse, encompassing various kinds of clay shales, 
sandstones, and conglomerates that they mapped during 
their expeditions, and that in their view were Neogene. 
In his overview of the geology of Indonesia, van 
Bemmelen ( 1949) does not explicitly use this term 
Celebes molasse with reference to the sedimentary rock 
of the Walanae Formation (although he do es do this for 
similar gradational clastics in the eastern and south
eas tern arm ofSulawesi; seealso Marks, 1956). Celebes 
molasse and Walanae Formation are treated as one, 
however, on a later geologic map of Indonesia (Sheet 
Ujung Pandang; Sukamto, 1975). We are ofthe opinion 
that the outcropping consolidated clastics in the Beru 
area ean not simply be classified together with the 
poorly stratified, often loose masses of sediment that 
the Sarasins mapped as molasse in various parts of 
Sulawesi .  

This problem of classification might be sol ved by 
setting apart, as Sartono ( 1979) has done, the coarser 
top part of the Walanae Formation and naming it as a 
separate unit. Sartono refers to this top part as the Beru 
Formation 13, reserving the old name Walanae Formation 
exclusively for the lower and finer clastic part of the 
total basin fiJI. In faet, Sartono makes this division into 
two formations on account of the stratigraphic position 
of a mass of limestone to the south ofBeru (fig. 2), in  his 
view intertonguing with the clastic sequence. This may 
be correct, but this l imes tone is a very local phenomenon, 
and cannot be decisive for a main division of the 
Walanae Formation. In the sections around Beru without 
limestone the placing of stratigraphic boundaries 
becomes very arbitrary. We are therefore more incIined 
to retain the original concept of the Walanae Formation, 
as envisaged by 't Hoen and Ziegler, and to continue 
applying it  to the whole regressive sequence of clastic 
sediments which is  the bedrock in the Walanae 
depression. As for Sartono's concept of a Beru Forma
tion, we prefer to speak of a Beru member instead, 
situated at the very top of the Walanae Formation. For 
reasons explained above it must be emphasized that this 
Beru member only occurs in the northern part of the 
Walanae depression. The lower boundary of the Beru 
member do es not necessarily coincide with the lower 
boundary ofSartono's Beru Formation; but an informed 
guess could be made concerning the total thickness of 
this member. Measured along the west flank of the first 
anticline, we give an estimate of between 300 and 500 
metres. 
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It is not easy to give a l ithostratigraphic definition of 
the Beru member. The upper boundary is clear: it is the 
unconformity (erosion surface) between the capped top 
sediment of the Walane Formation and the uncon
solidated river-terrace gravels and c1ays. But the lower 
boundary presents problems. In the local sections ofthe 
Walanae Formation there is no definite level where 
coarse c1astics become predominant and fines disappear. 
A coarsening upward is definitely present, as well as a 
thickening upward of the coarser strata, but the total 
pieture is obscured in a bewildering variety of clays, 
sands, and graveIs, consolidated and unconsol idated in 
layers, lenses, and tongues. The delineation of a shale 
unit, sandstone unit, and conglomerate unit in the local 
sections in the Beru area, with the aim of demonstrating 
this coarsening upward (Sjahroel, 1970; Sartono, 1979) 
may have theoreticaI value, but is of I imited use in the 
fieId. One ofthe key characteristics ofthe Beru member 
is its fossil vertebrate content. Making use of faunal 
indices in placing boundaries in lithostratigraphic 
sequences is not to be recommended; but on the other 
hand it is c1ear that the Beru memberconstitutes a rather 
restricted local depositional environment within the 
former sedimentary basin with a deltaic, Ii ttoral, or 
estuarine fac ies ,  and that d is t inc t  l i thological 
characteristics will reflect this s i tuation. Much 
sedimentological research will be needed in the future 
to unravel the precise facies ofthe fossiliferous deposits 
at the various exposures. The clastics of the Beru 
member occur in all varieties, from fine-textured c1ayey 
and marly sandstones to rather coarse conglomerates 
with even cobble-sized components. 

As for the identification of the Celebes molasse, we 
propose that the Walanae Formation be inc1uded in a 
related group of rock-stratigraphic sequences in 
Sulawesi, al l  of which show uniform conditions of 
graded sedimentation. The Walanae Formation would 
then no longer be simply equivalent to the Celebes 
molasse or, for example, to de Koning Knijff's 
sandstones and shales north of Lake Tempe, but would 
have an identity of its own, representative of the bed
rock sediment in the Walanae depression alone. 

AIready in his first reports on the finds in Sulawesi 
van Heekeren ment ions that the fossils found on the 
surfaceoften show bits ofcemented sediment, indicating 
that they have been washed out. This matrix belongs to 
the Beru member of the Walanae Formation, and not, as 
van Heekeren thought, to a terrace fill .  Years agn 
aIready one ofus (D.A.H., 1949b) was able to conclude 
from an analysis of fossil-adhering sediment that there 
exist around Beru at !east two vertebrate horizons. At 
the moment it is better to state that no distinct fossil 
horizons exist, but that almost every stratum ofthe Beru 
member is fossiliferous. Vertebrate fossils are to be 
found everywhere in exposures of the top part of the 
Walanae Formation; the fossil localities referred to in 
this tex t and figures are just major exposures of the top 
layers. Taphonomic research could be very illuminating 

here, and should also constitute a key element of future 
investigations. 

The best preserved skeletal remains of the Archi
diskodon-Celehochoerus fauna com e from fine to me
dium-textured sandstone. Hooijer ( 1949b) has given an 
analysis of a sandstone matrix from Sompe, one of the 
most northerl y fossil localities in the Walanae depression 
(fig. 2). It is lateritic, has detrital grains, the interstices 
are partly filled with amorphous Iimonitic sil ica and 
opaque components, there are a few pieces of quat1z and 
veins of rhombohedral calcite, and the volcanic con
stituents are diopside and to a !esser degree alkaline 
feldspar. In all fossil localities on the river-facing slope 
of the first anticline east of the Walanae this sandstone 
is to be found, locally with intercalated thin gravel 
seams or lenses: in Celeko, Sompe, Calio, Cangkange, 
Marale and Lakibong (fig. 2).14 Among ourselves, we 
often refer to this conspicuous, grey-yellowish, fine to 
medium-textured, vertebrate-bearing sandstone as the 
Sompe sand stone. There is also a more marly or 
argillaceous and very fine-textured variety, apparently 
intertonguing with this Sompe sand stone, which ean be 
traced at many localities, but which is al most devoid of 
fossils. In those places where the Sompe sandstone 
becomes coarser or more gritt y the profusion of com
plete fossils disappears, and one finds fragmented bone 
and isolated teeth or molars (and very often the rather 
distinct canines of Celehochoerus; see also the worn 
molar fragment in conglomeratic sandstone of fig. 3). 
These 'diminishing returns ' are even more noticeable in 
the true conglomerates of the Beru member. These ean 
still be called fossiliferous, but one finds only isolated, 
small, and often heavily abraded pieces of bone or 
molar. 

The sub-tidal, estuarine, and deltaic environment of 
the Beru member is very clear at the two fossil localities 
of Patema and Padali, which have been discovered in 
the last few years (fig. 2) .15 The first is probably situated 
on the f1ank of a seeond antic1ine east ofBeru; the other 
is situated on the left side of the Walanae. In these two 
localities fossils of land-based vertebrates are found, 
together with many remains of sea-dwelling species, 
like sharks and rays. ShelIs are also abundant. At 
Patema a vertebral body of Celehochoerus was picked 
up, still partly embedded in a matrix of calcareous 
sand stone with shell fragments. At Padal i ,  a short 
distance away from a mandible of Celehochoerus still 
stuck in sandstone, a dental fragment of an eagle-ray has 
been discovered (Bartstra & Hooijer, 1992). Van 
Heekeren had also found remains of marine vertebrates, 
notably at the localities of Sompe and Celeko. Because 
he thought that the fossiliferous sediments were river 
ten'aces, compl icated explanations were put forward to 
account for the occurrence of marine species in 
freshwater deposits (see also Hooijer, 1960). 

It appears as if the presence of a sea-dwelling fauna 
in association with a land-based fauna is more 
pronounced at these most northerly localities than 
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Fig. 3. Portion of a large upper molar of Stegodol/ cf. trigol/ocephalus eroded from conglomeratic sandstone some two hundred metres east of 
Marale. Upper figure: crown view; lower figure: lefl side view (Museum of Prehistory. Calio; number: C 3.27.86). Scale I :  I. 
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Fig. 4. Ponion af a lower molar of Stegodoll cf. trigolloceplw[lIs from Tanrung. At this locality
"
the small river of TelIe, a tributary stream of the 

Paciro, cuts through the vertebrate-bearing sediments (see fig. 2). Left: crown view; right: left side view (Museum of Prehistory, Calio; number: 
TRO 1 2.01 .9 1 ). Scale l :!. 

Fig. 5. Palatal view of a cranial ponion of Cele/Jochoel'1ls heekerelli embedded in sandstone, and found at Cangkange in 1978 (B.A.I.). Scale 1 :2. 

e1sewhere. The feature might have to do with the 
Neogene regression of the sea having started in the 
south, and a migrating shoreIine toward the north, 
which, however, in the end never quite reached the area. 
More detail s are needed concerning these matters, 
especially quantitative assessment, and we reiterate Ouf 
plea for sedimentological and taphonomic investigation. 

Wbrthy of mention is also the locality of Cangkange 
(find-spot af an almost complete skuli of Elephas 
celebensis during the 1970 expedition, see Hooijer, 
1 972a; and a large portion ofacranium ofCelebochoems, 
fig. 5) where

' 
intercalated in the vertebrate-bearing 

Sompe sandstone a horizon of fossil woad occurs, 
which actually contains fragments oftree trunks (fig.  7) .  
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Fig. 6. Fossil drift wood with traces of burrowing pelecypods. Scale 3:4. 
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Fig. 7. Diagram ofthe upper part ofthe Beru member between Calio and Cangkange (parti y after Sjahroel, 1 970). The steep folding ofthe Walanae 
Formation is shown, as well as the considerable capping or truncation of the anticiines, outcome of a prolonged denudational history. Climbing 
the slope of this first anticline from west to east, the strata become progressively older and more fine-textured. Between terrace gravels and Beru 
member there is a distinct unconfonnity. The terrace gravels contain allochthonous fossil vertebrate remains and in situ Palaeolithic art i facts ( I ). 
In the Beru memberare wom vertebrate fossils (2). mineralized wood remains (3),and the Cangkange cranial portions of Elephas and Celeboclwerus, 
referred to in the text (4). Still higher up the slope marine invertebrates are to be found (S). 

A few kilometres to the north, about halfway between 
Sompe and Beru (eastward into the field from kilometre 
post 23) a similar (er identieal?) horizon is exposed, 
where tree-trunk fragments ean be found w ith 
enerustration of shell and biogenie perforations 
(peleeypods; see fig. 6). These perforations are tunnels 

eoated with ealcareous shelly matter teehnieally ealled 
'the tube' ,  whieh is white, thin and strong, and has no 
eonneetion with the animal that makes it. If these tubes 
are found in fossil wood from marine or braekish water 
sediments they ean safely be eonsidered Teredinidae, 
family ofMollusea: Bivalvia, inc\uding the genus Teredo 
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Linnaeus or so-called ship-worms, very destructive 
pelecypods that first appear in the J urassic and are well
known in the Cretaceous (Turner, 1 966). 

At the locality of Lakibong (find-spot of a very fine 
lower left first molar of Elephas celebensis; Bartstra & 
Hooijer, 1 992) 16 the sediments with a marine fauna and 
a land-based fauna are clearly separated. Mollusc
bearing, argillaceous deposits occur distinctly higher 
on the west slope of the anticline than the vertebrate
bearing clastics. It is worth bearing in mind that the 
locality of Lakibong, stratigraphically seen, probably 
belongs to the oldest. Lakibong is situated farther south 
than any of the other localities, and thus must exhibit 
olderstrata. The various deposits at Lakibong are steeply 
folded. 

AIso at other exposures of the Beru member (e.g. in  
Cangkange) it can be seen that the layered sediments are 
folded al most vertically (fig. 8). Although Sulawesi is 
an island with a turbulent geological history , such steep 
folding indicates at least a Middle to Lower Pleistocene, 
if not Pliocene age for the fossiliferous deposits; another 
indication lies in the considerable capping of the 
anticlines. As mentioned above Rutten ( 1 927) speaks of 
a Plio-Pleistocene folding of the Neogene Walanae 
Formation, and van Bemmelen ( 1 949) supports this 
view. Hooijer (e.g. 1 960, 1 975) usually speaks of a 

- -

Pleistocene age for the fossiliferous beds without any 
furtherspecification, none ofthe fossil forms necessarily 
being Pliocene as to type. Palaeontological considera
tions, however, let Hooijer distinctly favour a Lower 
Pleistocene age; this in contrast to e.g. Sondaar ( 1 98 1 )  
who suggests the Middle to Upper Pleistocene. 

Sartono ( 1 979) gives an Upper Pliocene age for the 
vertebrates, on the basis of the foraminiferal content of 
vertebrate-bearing sandstone, deposited in a shallow 
marine and estuarine environment. The forarns men
tioned by Sartono are not sensitive to facies differences 
and are thus suitable for dating. In addition, an upper 
boundary of the Pliocene of 1 .8 or 1 .6 Ma has been 
assumed. However, it is not known where Sartono got 
his sandstone samples, whether from the immediate 
surroundings ofBeru, or from farther south or north. As 
there has been a gradual silting-up ofthe former Neogene 
basin from the so uth, we wish to consider the pos si bil it Y 
that part of the fossiliferous sandstones of the Beru 
member may be younger than 1 .8 or 1 .6 Ma, and is thus 
in fact Lower Pleistocene (Bartstra et al., 1 99 1 ;  we 
correct the date given by Allen, 1 99 1 :  p. 247). This may 
be true especially for the vertebrate-bearing clastics of 
Celeko and Padali ,  and for conglomeratic standstones, 
presumably still belonging to the Beru member, at a few 
minor but even more northerly outcrops towards the 

Fig. 8. Exposure of the Beru member near Cangkange, along the road from Cabenge to Pampanua. The folded sedimenls consisI of allemaling 
claystones and sandslones. From Ihis area comes the Celeboc/werus skuli of fig. 5, described in the lex!. 
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town of Singkang in the Tempe depression. 
The best age determination would result from 

radiometric dating. However, prel iminary attempts at 
U-series analysis of some vertebrate fragments from the 
surroundings of Beru were not very successful ,  
ostensibly due to the low U-content ofthe bone. This in 
itself could be an indication of considerable age, but 
further attempts (inc\uding ESR) are under way. 

4. THE EVIDENCE ON THE FOSSIL SCENE 

The com position of the fossil fauna from the Walanae 
region was ascertained soon after its discovery. In 1 947 
the first vertebrate remains were collected by van 
Heekeren and sent to Holland; in 1 948 three papers 
were published by Hooijer, on Celehochoerlls heekereni 
nov. gen. nov. spec. ,  TestlIdo margae nov. spec.,  and 
Alloa depressicornis (Smith) subsp. and Bahyrousa 
habyrllssa hel'/Iensis nov. subsp., respectively. A year 
later the identification of Archidiskodon celehensis 
nov. spec. was announced. The general tenn Archi
diskodon-Celehochoertls fauna came into use at the 
beginning of the 1 950s. It appeared to be of a peculiar, 
endemic, typical insular composition, characterized by 
dwarfing and giantism alike. 

Archidiskodon celebensis is a distinct element ofthis 
fauna. The genus name Archidiskodon was abandoned 
in 1 974, s ince when it has been customary to speak of 

Elephascelebensis. This is a pygmy species; theshoulder 
height of adult individuals was approximately one and 
a half metres (e.g. Hooijer, 1 949a; 1 972a). At first sight 
it  could be taken for a rather primitive species of 
Elephas, on the basis of the presence of functional 
premolars and the occurrence of tusks in the lower jaw, 
notably in male specimens. Initially Hooijer regarded 
Elephas celebensis as the only elephantid species with 
mandibular tusks, and he looked for its direct ancestor 
in a still unknown mastodontoid elephant. But it appears 
that this phenomenon of mandibular tusks also occurs 
elsewhere (Primelephas gomphotheroides, Upper 
Pliocene, Kenya), and, what is  more important, that 
vestigial incisive chambers occur in mandibles of 
Elephas planijrons, a normal-sized spec ies quite 
common in the Plio-Pleistocene of Southeast Asia 
(Magl io, 1 973 ;  Hooijer, 1 972a; 1 975). Elephas 
celehensis is now considered to be a direct descendant 
of Elephas planijrons (Groves, 1 985), the reappeara.nce 
of mandibular tusks being the result of dwarfing 
(paedomcrphosis). The remains of Elephas planijrol1s 
have never been discovered in the fossil localities of the 
northem Walanae depression. This is significant, because 
it means that Elephas celebensis came to the area as an 
already dwarfed species. Elephas planijrol1s does not 
occur in the Philippines either, nor in Flores nor Timor. 

In fact we are confronted here with a palaeontological 
enigma. This is because anotherproboscidean, of which 
the fossil remains have also been found in the Beru 

Fig. 9. Browsing Stegodoll trigollocephallls. showing in the male specimens the interesting feature of too c10sely implanted tusks. hampering the 
trunk. This drawing was made for Hooijer by the British artist Margaret Lambert. Hooijer published this pieture for the first time in 1 973. 
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member, occurs as both a nonnal and a dwarf-sized 
species: SteRodol1 cf. triRol1ocephal/ls and SteRodoll 
sompoel1sis, respectively. Among the fossil material 
that van Heekeren had sent to Leiden, Hooijer ( 1 953) 
initially could not identify anything more specific than 
Stegodon spec., althou�h he believed that a dwarf 
species might have roamed the Walanae region. In 1 964 
this was confinned by Hooijer by mentioning in a 
publication the new pygmy species of SteRodol1 som
poensis. 17 In 1 972 it became possibie to identify the 
largeStegodon cf. triRollocephallls among theextensive 
material collected during the 1 970 expedition. Especiall y 
the male specimens of this browser could be rather 
largel8; it is known that their tusks were so c10se 
together that the trunk could not reach between them 
(fig. 9). 

A portion of a large molar of SteRodoll cf. triRollo
cephallls has been found some 200 metres eas t of 
Marale (figs 2 and 3). It is the hinder end, heavily wom, 
with four ridges and the posterior talon. The foremost 
preserved ridge from behind is almost completely 
destroyed; the otherthree ridges are rather well preserved 
and, although wom, c1early were less high than wide in 
the unwom state. This is a feature of SteRodon. The last 
ridge is narrower than the second last ridge, 72 mm at 
base transversely against 88 mm in the penultimate 
ridge; it  is only some 1 8  mm thick against some 26 mm 
in the second ridge. It is an upper molar, because the 
gingival line, the lower boundary of the crown enarnel, 
falls off rootward at the penultimate ridge, and thus is 
convex toward the crown. There is no posterior pressure 
scar; this should certainly show on a molar in this 
advanced stage of wear caused by the molar folIowing 
it  behind. This is an indication that the present molar is 
the last molar, M3. The three ridges preserved show 
transverse rows of subequal conelets and no dilatation 
in the middle, another Stegodon characteristic. The third 
ridge from behind is damaged buccally but certainly 
was some mm wider than the ridge behind it. The width 
of the fourth ridge from behind cannot be measured. 
This is all that can be observed in the present specimen 
of the posterior taper that characterizes last molars. Last 
upper molars of SteRodon trigollocephallls are widest 
neal' the middle, the fifth ridge from the front, as in two 
specimens from Flores (Hooijer, 1 972b). The greatest 
width of the present molar, in the middle portion of the 
crown that is not preserved, may have been some 20 to 
25 mm wider than is the second ridge from behind, or 
1 08 to 1 1 3 mm. This is not outside the variation range 
in M3 of the Java Stegodon trigonocephallls, however; 
we have a specimen in the Dubois collection that is 1 1 3 
mm wide (Hooijer, 1955), and in Yogyakarta in 1 972 
we observed a specimen that is 1 1 9 mm wide. Last 
upper molars of Stegodon trigonocephallls have up to 
twelve ridges plus the posterior talon. In the present 
specimen the talon is a low series of conelets, some 
eleven i n  all ,  6 1  mm wide but  not very thick 

anteroposteriorly (2-4 mm only); i t  rounds off the 
crown evenly behind. The molar portion is slightly 
curved anteroposteriorly, with one side flat and the 
other side convex. In upper molars the flat side is the 
lingual side; the present molar portion is from the right 
side. Two full ridges, the 2nd and the 3rd from behind, 
occupy an anteroposterior length of 55 mm, which 
means that the laminar frequency (number of rid ges in 
l Ocm of anteroposterior length) is 1 OO/55x2 = 3 .6. These 
data indicate that this molar portion from 200 metres 
east of Marale agrees with the M3 of the Java SteRodoll 
trigol/ocephal/ls, which varies in crown width at base 
from 76 to 1 1 9 mm, and in laminar frequency from 3.25 
to 5 (Hooijer, 1 955); in the more anteriorly placed M2 
and Ml the crown width becomes less and the laminar 
frequency higher. 

A smallermolarp0l1ion of Stegodon cf. trigol/ocephallls 
has been obtained from Tamung (figs 2 and 4). Both the 
last ridge and the talon id are unwom. The height of the 
ridge is 4 1  mm by a basal width of 67 mm, the Stegodon 
feature, the talon id 40 mm high by a width of 62 mm; 
such a large talonid may aiso be interpreted as the last 
ridge, in which case there would be an extremely small 
talonid or none at all. The rows of subequal conelets on 
the ridge and talonid or ridges confinn the identification 
as Stegodon. The forward inc1ination of the ridges 
shows that it  is a lower molar, more probably from the 
right than from the left side; this cannot be ascertained 
from such a small crown portion. The laminarfrequency, 
based upon the observation that the anteriormost 
preserved ridge is 19 mm anteroposteriorly, is 1 00/ 19 = 

5.2. These data indicate that the Sulawesi specimen is 
like the M, of Stegodon triRonocephalus from Java, 
which is 68

-
-85 mm in basal width, 4 1 -50 mm in crown 

height, and 3 .8-6.5 in laminarfrequency (Hooijer, 1 955). 

The above given two molar portions have to be recorded 
as Stegodon cf. trigonocephallls, because we cannot be 
quite certain that they do actually represent the species 
SteRodon trigonocephallls. Perhaps they merely agree 
with the Java Stegodol/ in molar morphology, but not in 
al l  trigonocephalous characters. 

This brings us to the arrival of the Plio-Pleistocene 
proboscideans in southem Sulawesi. As explained, the 
vertebrate-bearing Beru member only occurs in the 
northem part of the Walanae depression; towards the 
south the suitable sediments have been eroded. This 
means that in the Beru area one is confronted with an 
already substantial, albeit impoverished and endemic 
fauna, without previous recorded history. How did this 
fauna. come to the Neogene U-shaped island? 

As yet there is no valid reason for placing the three 
proboscideans in the Beru area in a biostratigraphic 
sequence. The remains of Elephas celehensis, SteRodon 
sompoensis, and Stegodol1 cf. trigonocephalus all occur 
in the Beru member, and their wom allochthonous 
bones in the terrace sediments. It is supposed that 
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Stegodon sompoel/sis evolved from Stegodol/ cf. 
trigol/ocephalus, but we have no stratigraphic proof of 
this in the Beru area. All three proboscideans came 
togetheras fully developed species to southern Sulawesi, 
and lived there together. As one of us has explained 
concerning Stegodoll, contemporaneity poses no 
problem: the larger one may have had five times the 
body size of the dwarfed species, a difference probably 
big enough to permit (peaceful) coexistence (Hooijer, 
1 970). 

The idea of a biostratigraphic sequence in southern 
Sulawesi as far as Stegodoll is concerned could possibly 
arise if one were to glance through the l iterature toa 
fIeetingly: after all, Hooijer ( 1 972a) begins his expose 
about Stegodon cf. trigollocephalus with the description 
of a few worn remains from terrace sediments (including 
the previously mentioned hinder end of an upper molar 
from the Marale excavation in 1 970), while Stegodon 
sompoensis is initially mentioned from places where 
river terrace remnants do not exist (Sompe, Celeko). So 
one could gain the impression that the large stegodont 
appeared later on the scene than the small one, but this 
is not the case. The two above-described molar portions 
of the large Stegodoll cf. trigonocephalus, for example, 
com e from areas where there are no terraces, and they 
have c1early been deri ved from outcropping Beru 
member sediment. 1 9  

The situation observed thus far in southern Sulawesi 
is different from that in Timor or Flores, where also a 
normal-sized and a dwarf-sized Stegodon occur; but as 
far as Timor is concemed with only Jhe pygmy one in 
the top strata (Astadiredja, 1 972), and on Flores 
seemingly the reverse: only the normal-sized one in the 
top strata.20 

For us,  the idea of proboscideans that arrived 
swimming in southern Sulawesi (and if distances play 
a role, probably coming from the north) is now more 
appealing than the idea ofIegendary Stegoland (Hooijer, 
1 975; Sondaar, 198  I ;  Braches & Shutler, 1 984; Heany, 
1 985). The paucity of the Beru fauna is difficult to 
account for if landbridges ex isted. In the beginning of 
the 1 970s the paucity could be explained by the smali
scaIe nature ofthe research carried out. This is no longer 
possible�i t  appears as ifthe larger vertebrate genera and 
species of the fossiliferous Beru member are now all 
known. 

Just as interesting as the arrival oftheArchidiskodoll
Celehochoerus fauna is its ultimate fate. As stated, in 
the region concemed the Neogene has been a period of 
prolonged subsidence and deposition. In the course of 
time the basin encompassed by the U-shaped island 
dried up, folding and faulting movements set in, and 
denudation severe1y capped the Walanae Formation. 
During this period, apparently the entire Pleistocene, 
conditions seerned not favourable for the preservation 
ofbones of terrestrial or near-shore vertebrates. But the 
faunal composition must have changed. For instance, 
proboscidean remains are not found anymore in the 

Holocene deposits east of Wallace 's Line. 
We have abandoned the idea, once toyed with. that 

the extinction of the Archidiskodon-Celehochoerus 
fauna was brought about by man. The implementiferous 
terrace fills in the Walanae depression do not contain 
autochthonous vertebrate fossils. In another paper we 
have mentioned Fooden ( 1 969) and Musser ( 1 987) and 
the notion that the Archidiskodon-Celebochoerus fauna 
could have disappeared as a result of competition with 
other faunas, when southern Sulawesi became attached 
to the central part (Bartstra & Hooijer, 1 992). This must 
periodically have been the case during the Pleistocene, 
when the Tempe depression fell dry, due to eu stat ic sea 
level changes. 

For the time being we have to view the occurrence of 
theArchidiskodon-Celehochoerus fauna in the northem 
Walanae region as a fIeeting episode in the eons of 
geologica1 time, a single still frame, as it were, in the 
faunal evolution of island Southeast Asia. It is not yet 
known how the Archidiskodon-Celehochoerus fauna 
came into being, or into what it evolved (Hooijer & 
Bartstra, in press). 

Some light could be shed on this matter, however, by 
investigation into the parent sediment of a fossil skulI of 
Sus celehellsis, described by Hooijer in 1 969. This 
fossil was found by a Dutch missionary in the I 930s, in 
the bed ofthe River Paciro, not very fareast ofBeru (fig. 
2).21 Af ter changing hands a few times this skulI finally 
ended up in the Zoological Museum in Amsterdam. 

In his work on the subfossil fauna of the Toalian 
caves in so uth western Sulawesi, Hooijer ( 1 950) had 
also devoted attention to Sus celebellsis, an animal that 
nowadays still l ives all over the island. From the 
comparison of subfossil and recent remains of this 
species, he had come to the conc1usion that in contrast 
to a trend with other vertebrates, Sus celehensis had 
actualIy increased in size in the course oftheQuatemary. 
The skulI in the Amsterdam museum is marginally 
smaller than the subfossil remains from the caves and 
much smaller than recent specimens of Sus celehellsis. 
Consequently Hooijer ( 1 969) decided that it must be of 
Pleistocene age. The Amsterdam skuli is also fossiIized 
(mineralized) and thus not sub-fossil, as suggested by 
Hardjasasmita in 1 987. 

The locality and circumstances of this find are very 
interesting. The fossil has the appearance of a river 
cobble, but shows on closer inspection the palate and 
some incomplete molars (fig. 1 0).  Every part of the 
fossil is abraded by fluv ial transport, and it  stands to 
reason that it came from fart her upstream. The River 
Paciro has i ts source in the hiBs comprising the second 
antic1ine east of Beru (fig. 2). The rivulet of Tanrung, 
which cuts through the Beru member of the Walanae 
Formation at the locality of Tanrung (find-spot of one 
of the partial Stegodoll molars described above), is in 
fact a tributary stream in the upper drainage area of the 
Paciro. However, as neitherTanrung (which apparently 
exhibits a normal Archidiskodon-Celehochoerus fauna) 
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Fig. I O. Cranial portion of Sus 
celebellsis. found in the bed of the 
River Paciro. Upper figure: palatal 
view; lower figure: lefl side view. 
As described in the text, this fossi l  
could provide a clue in unravelling 
the u l t imate fate o f  the 
A rchidiskodoll -Celeboc//Oerus 
fauna. Another pieture ofthis skuli 
portion has appeared in Hooijer 
1 969 (Instituut voorTaxonomische 
ZoOlogie (Zoologisch Museum), 
Amsterdam; number :  ZMA 
1 09 I O). Scale I :  l .  

nor any other locality on the flanks of the two anticlines 
near Beru has so far yielded remains of SI/S ('clehel/sis, 
the possibility exists that the River Paciro or one of its 
tributaries cut s through a Pleistocene fossiliferous sedi
ment that stratigraphically overlies the Beru member, 

and that, as explained, must be rather rare. Caves are not 
present in the area concemed. Because more information 
on th.is SI/S celehensis find would seem to be of great 
importance, research in the Paciro area is now under 
way (Hooijer & Bartstra, in press). 
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We wish to conc1ude these notes with a description 
of a cranial portion ofCeleboclioerus heekereni, the most 
prolific fossil vertebrate from the northern Walanae 
depression, the remains of which are found in nearly 
every Beru member sediment, thus constituting an 
indelible tribute to the prime hunter of this suid: Unc1e 
Bob van Heekeren. This particular Celebochoerus fossil 
com es from Cangkange, and it stresses the importance 
of this locality that has aiready yielded more large 
skeletal elements (figs 2 and 5). 

The palate, or what is left of it, agrees with that from 
Marale, 1 9th July 1 970 (Hooijer, 1 972a). Of the M3 
only thaton the right side is preserved; both Ml are present 
although incompletely so, and ofthe Ml there is only the 
left, damaged laterally. The width ofM2 is 1 7.8  mm; the 
anteroposterior and transverse diameters of the crown 
ofM3 are 26.0 and 20.3 mm, respectively. The width of 
the Ml and the length ofthe M3 are perfectly intermediate 
between those of a male and a female palate from 
Marale, but the width of the M3 is slightly i n  excess of 
that in the larger, presumably male, palate from Marale, 
25th July, 1 970. The maximum width found for M3 in 
Celebochoerus is 2 1 .5 mm, and thus exceeds that found 
for this Cangkange skulI (Hooijer, 1 972a). Therefore, 
as far as tooth size is concerned, this Cangkange specimen 
is neither very large nor very small; just average. 

The surface of the skulI is rather damaged except in 
the nasal region above. It is broken off anteriorly in front 
of the Ml  and thus the position of the canine is not 
shown. In a skuli from Calio, the canine alveolus is seen 
to curve outward at the level of P3 (Hooijer, I 972a). On 
the other hand, the nasal region, unlike that from Calio, 
is ratherwell preserved in this Cangkange skulI, showing 
that there is no lateral angulation. The nasal bones are 
convex transversely but only preserved fot some 4 cm 
(the naso-frontal suture is indistinct). The nasal width 
ean not be established, and neither ean the frontal or the 
bizygomatic width. The latter is not far from some 20 
cm in so far as the state of preservation permits judgment. 
This is considerably larger, by one-third to one-half, 
than that i n  recent Indonesian suid skulIs like those of 
Sus verrucosus MUller & Schlegel orSus vittatus MUller 
& Schlegel (Hardjasasmita, 1 987). Celebochoerus is 
verrucose in the cross section of its lower canines, 
whereas Sus vittatus is  scrofa-like in that respect 
(Hooijer, 1 954). Sus macrognat/llIs Dubois, a known 
fossil from Java is larger than these l iving forms. Only 
new and better preserved skulIs of Celebochoerus, 
hopefully to be discovered in the future, will allow full 
craniometrical comparisons with other extinct ar liv ing 
suid species. 
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6. NOTES 

I .  FOmlerly spelled: Tjabenge (van Heekeren. I 949a): a small town 
near the main sites (see Keates & Bartstra, this volume). 

2. Due to Pleistocene ellstatic sea level changes, the islands of Java, 
Sumatra, and Borneo often became attached to the Asiatic 
main land. This expanse of land is called Sundaland (for map see 
e.g. Bellwood. 1 985: p. I ). 

3. The notion of a zoogeographic boundary is given in Wallace. 
1 860: the designation Wallace's Line is found in Huxley. 1 868. 

4. Dllbois discovered PilhecalllhroplIs erecllls in  Pleistocene 
sediments in Central Java at the end ofthe last century. During his 
excavations a mass offossil vertebrate material became available. 
part of which was shipped to Holland and is now known as the 
Dubois collection. 

5. In faet van Heekeren visited the Cabenge area for a couple of days 
aiready in 1 968, when he saw his chance to sl ip away from a team 
investigating prehistoric cave sites in the Maros region, near 
Ujung Pandang. 

6. H.R. van Heekeren & D.A. Hooijer, 1 970. Petition for a joint 
Indonesian-Dutch expedition to Sulawesi, Flores and Timor in 
1 970. Unpublished report. 

7. Hooijer actually participated in the team for only ten days: 
thereafter he spent several weeks exploring fossil localities in 
Flores and Timor. 

8. The other leader ofthe 1 970 expedition in the Beru area was R.P. 
Soejono, later director of the National Research Centre of 
Archaeology in  Jakarta. 

9. Homo soloellsis was discovered in Central Java in the 1 930s. and 
is regarded by several anthropologists as an advanced subspecies 
of Homo erecllls. 

I O. H.R. van Heekeren, 1 970(7). Thejoint Indonesian-Dutch Sulawesi 
prehistoric  expedition 1 970. Unpublished report. 

I I . See report under note I O. 
1 2. Extra-basinal (claystones or sandstones: brought into a basin 

from the outside) as op pose d to intra-basinal (sediments that 
grew (bio)chemically in the waters of a basin); see e.g. G.M. 
Friedman & al. ,  1 992. 

1 3. Sartono mentions Berru FOmlation; Berru is the Buginese (Iocal 
population) speIling of Beru. 

1 4. In older l i terature or in  Buginese speJling to be found as: Tjeleko, 
Sompo(h), Tjalio. Tjangkange and Lakiboong. 

1 5. Patema also written as: Pattema. 
1 6. In the caption oftig. 2 in this paper(Lutra), M' should be changed 

to M " Also, in tig. 4: M, should be M3. 
1 7. After the fossil locality of Sompo(h), now: Sompe. 
1 8. A,ccording to Hooijer ( 1 955) and Medway ( 1 972), Slegodoll 

Irigollocephalllswas a browser in shrubby or woodland vegetation. 
1 9. The same holds true for a molar portion ofa large stegodont from 

Padali, mentioned in Bartstra & Hooijer, 1 992. picked up from 
eroding Beru member sediment. 

20. Mentioned in: J. de Vos & R. van Zelst. Infusis (Intern 
infomlatieblad van het Nationaal Natuurhistorisch Museum te 
Leiden) 49. p. 5 
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2 1 .  Hooijer mentions: Salo Patj iro. The Buginese 'salo' means 
'river', and Patjiro is nowadays written as: Paciro. 

7. REFERENCES 

ALLEN, H.,  1 99 1 .  S\egodonts and the dating of stone toni assemblages 
in island Southeast Asia. Asial/ Perspeclives 30, pp. 243-265. 

ASTADlREDJA. K.A.S., 1 972. The Slegodol/-bearing layers of 
Atambua, Timor. Berila Dir. Geologi 4, 30. p. 6. 

BARTSTRA, G.-J., 1 97 1 .  Op speurtocht naar de oermens. Spiegel 
Hisloriael 6, pp. 1 94- 1 98. 

BARTSTRA, G.-J., 1 977. Walanae Formation and Walanae terraces 
in thestratigraphyofSouth Sulawesi (Celebes, Indonesia). Quarliir 
27/28, pp. 2 1 -30. 

BARTSTRA, G.-J., 1 978. Note on new data concerning the fossil 
vertebrates and stone tools in the Walanae valley in South Sulawesi 
(Celebes). Modem Quatemmy Research il/ SOlllheasl Asia 4, pp. 
7 1 -72. 

BARTSTRA, G.-J., 1 993. Terugkeernaar Sulawesi. Pa/eo-akluee/4, 
pp. 1 1 - 1 4. 

BARTSTRA, G.-J .. S.G. KEATES. BASOEKI & B. KALLUPA, 
1 99 1 .  On the dispersion of Homo sapiel/s in eastern Indonesia: the 
Palaeolithic ofSouth Sulawesi. ClI/TeIll AI/lhropology 32, pp. 3 1 7-
32 1 .  

BARTSTRA, G.-J. & D.A. HOOIJER, 1 992. New finds o f  fossil 
vertebrates from Sulawesi, Indonesia. Lulra 35, pp. 1 1 3- 1 22 .  

BELTZ, E.W., 1 944. Principle sedimentary basins in the East Indies. 
Bull. Am. Ass. Petro Geol. 28. pp. 1 440- 1 4�4. 

BELLWOOD, P., 1 985.  Prehistory of Ihe /I/do-Malaysial/ 
Archipelago. Sydney. 

BEMMELEN, R.W. VAN. 1 949. The geology af /I/dol/esia. The 
Hague. 

BRACHES, F. & R. SCHUTLER JR.. 1 984. The Philippines and 
Pleistocene dispersal of mammals in island Southeast Asia. 
Philippil/e Quarterly ofCullllre al/d Sociel)' 1 2. pp. 1 06- 1 15 .  

FOODEN, J. ,  1 969. Taxol/omy al/d evo/lIIiol/ of Ihe lIIol/keys of 
Celebes (Primales : Cercopilhecidae) (= Bibliotheca Primatologia 
I O). Basel. 

FRIEDMAN, G.M., J.E. SANDERS & D.C. KOPASKA-MERKEL, 
1 992. Pril/cip/es ofsedimel/tmy deposils. New York. 

GREMMEN, W.H.E., 1 990. Palynological investigations in the 
Danau Tempe depression, southwest Sulawesi (Celebes), 
Indonesia. Modem Qualemmy Research il/ SOlllheasl Asia I I , pp. 
1 23- 1 34. 

GROVES. C.P., 1 985. Plio-Pleistocene mammals in island Southeast 
Asia. Modem Qualemmy Research il/ SOlllheasl Asia 9. pp. 43-
54. 

HARDJASASMITA. H.S .. 1 987. Taxonomy and phylogeny of the 
Suidae (Mammalia) in  Indonesia. Scripta Ge% gica 85. pp. 1 -68. 

HEANEY, L.R., 1 985. Zoogeographic evidence for Middle and Late 
Pleistocene land bridges to the Philippine islands. Modem 
Qualernary Research il/ Soulheasl Asia 9. pp. 1 27- 1 43.  

HEEKEREN, H.R.  VAN. 1 949a. Voorlopige mededel ing over 
palaeolithische vondsten in Zuid-Celebes. Oudheidk. Vers/ag D 
( 1 94 1 - 1 947). pp. 1 09- 1 1 0. 

HEEKEREN. H.R. V AN, 1 949b. Early man and fossil  vertebrates on 
the island of Celebes. Nalllre 163. 4 1 43, p. 492. 

HEEKEREN. H.R. VAN. I 949c. Preliminary note on Palaeol ithic 
finds on the island of Celebes. C/I/"ol/ica Nalllrae I OS. pp. 1 45-
148. 

HEEKEREN, H.R. VAN. 1 972. ThI' Slol/e Age af /I/dol/esio. 2nd 
rev.ed. (= Verhand.Kon.lnst. Taal-, Land- en Volkenkunde 6 1  l. 
The Hague. 

HEEKEREN. H.R. VAN, 1 975. Chronology of the [ndonesian 
prehistory. Modem Qualemmy Research il/ Solllheasl Asia I .  pp. 
47-5 I .  

HOEN. C.W.A.P.'T & K.G.J. Z[EGLER. 1 9 1 7( 1 9 1 5). Verslag over 
de resultaten van geologisch-mijnbouwkundige verkenningen en 

opsporingen in Zuidwest-Celebes. Jam'boek val/ hel Mijl/lI'e:1'1/ 
il/ Ned. Oosl-/I/die 44, pp. 235-335. 

HOOIJER. D.A . •  1 948a. Pleistocene vertebrates from Celebes. I. 
Ce/ebocllOems heekerel/i nov.gen.nov.spec. Provo KOI/. Ned. Akad. 
l'. Welemchappel/ S I ,  pp. 1 024- 1 032. 

HOOIJER. D.A ..  1 948b. Pleistocene vertebrates from Celebes. I I .  
TesIlIdo margae nov.spec. Prov. KOI/. Ned. Akad. l ' .  Welel/
schappel/ S I .  pp. 1 1 69- 1 1 82. 

HOOIJER. D.A .. 1 948c. Pleistocene vertebrates from Celebes. I I I .  
A/lOa depressicomis (Smith) subsp., and Babyrousa babym.�.m 
bemel/sis nov.subsp. Provo KOI/. Ned. A kad. v. Wetemchappel/ 
S I .  I O. pp. 1 322- 1 330. 

HOOIJER. D.A., 1 949a. Pleistocene vertebrates from Celebes. [V. 
Archidiskodol/ ee/ebel/sis nov.spec. ZO%�� Mededelil/gel/ (Rijks
mus. Nat. Hist. Leiden) 30, pp. 205-226. 

HOOIJER, D.A., I 949b. The Pleistocene vertebrates of southern 
Celebes. Chrol/iea Nalurae I OS. pp. 1 48- 1 50. 

HOOIJER. D.A .. 1 950. Man and other mammals from Toalian sites 
in south-western Celebes. Verh. KOI/. Ned. Akad. v. Welel/seh. 46. 
pp. I - I 64. 

HOOIJER. O.A., 1 953. Pleistocene vertebrates from Celebes. VI .  
Slegodol/ spec. ZO%�� Medede/il/gel/ (Rijksmus. Nat. Hist. Leiden) 
32. pp. 1 07- 1 1 2. 

HOOIJER, D.A., 1954. Pleistocene vertebrates from Celebes. VI I I .  
Dentition and skeleton ofCe/eboehoems heekerl'l/i Hooijer. ZO%�� 
Verhal/delil/gel/ (Rijksmus. Nat. Hist. Leiden) 24. pp. 1 -46. 

HOOIJER. D.A. ,  1 955. Fossil Proboscidea from the Malay 
Archipelagoand the Punjab. Zool. Verhal/de/il/gel/ (Rijksmus. Nat. 
Hist. Leiden) 28. pp. 1 - 1 46. 

HOOIJER. D.A., 1 960. The Pleistocene vertebrate fauna of Celebes. 
Asial/ Perspeclives I I . pp. 7 1 -76. 

HOOIJER, D.A., 1 964. Pleistocene vertebrates from Celebes. XII. 
Notes on pygmy stegodonts. Zool. Mededelil/gel/ (Rijksmus. Nat. 
Hist. Leiden) 40, pp. 38-44. 

HOOIJER. D.A., 1 969. Pleistocene vertebrates from Celebes. XI I I .  
Sus celebel/sis M Uller & Schlegel, 1 845. Beauforlia (Zoo!. Mu
seum Amsterdam) 1 6, pp. 2 1 5-2 1 8. 

HOOIJER. D.A.. 1 970. Pleistocene South-east Asiatic pygmy 
stegodonts. Nalllre 225. pp. 474-475. 

HOOIJER, D,A . •  1 972a. Pleistocene vertebrates from Celebes. XIV. 
Additions to the A rehidiskodol/-Ce/eboehoerus fauna. Zoo/. 
Mededelil/gel/ (Rijksmus. Nat. Hist. Leiden) 46, pp. 1 - 1 6. 

HOOIJER. O.A .• 1 972b. Slegodol/ trigol/ocepha/usflorellsis Hooijer 
and Slegodol/ timorel/sis Sartono from the Pleistocene of Flores 
and Timor. Proc. Kali. Ned. Akad. \lal/ Welellsch. B. 75. pp. 1 2-33. 

HOOIJER. D.A.. 1 973. Reuzenschildpadden en dwergolifanten. 
Muse% gia I .  I O. pp. 9- 1 4. 

HOOIJER. D.A.. 1 975. Quaternary mammals west and eas t of 
Wallace's Line. Modem Qualemmy Research il/ Soulheasl Asia 
I .  pp. 37 -46. 

HOOIJER. D.A. & G.-J. BARTSTRA, in press. Fossils and artifacts 
from southwestern Sulawesi (Celebes) Proceedil/gs Pilhe
calhropus Cl'lIIellllial, Leiden 1 993, Session B. 

HUXLEY. T.H .. 1 868. On the classification and distribution of the 
Alectoromorphae and Heteromorphae. Proc. ZO%�� SOL". LOl/dol/ 
1 868. pp. 294-3 19 .  

KEATES. S .G.  & G.-J. BARTSTRA. this volume. [ s i  and migration 
of early modern Homo sapiel/s in Southeast Asia: the artifacts 
from the Walanae depression, Sulawesi. Indonesia. 

KONING KNIJFF. J. DE, 1 9 1 4( 1 9 1 2). Geologische gegevens om
trent gedeelten der afdelingen Loewoe. Pare Pare en Boni van het 
gouvernelllent Celebes en onderhoorigheden. Jaarboek I'W/ hel 
Mijl/lI'ezell il/ Ned. Oosl-/I/die 4 1 .  pp. 277-3 12 .  

MAG UO. v.J .. 1 973. Origill alld evo/lllioll of Ihl' E/I'phalllidal' (= 
Trans. Alller. Philos. Soc . •  new series 63, 3). Philadelphia. 

MARKS. P .• 1 956. Slraligraphic /l'xiCOII af II/dol/I'sia (= Publikasi 
keilmuan 3 1 ,  seri geologi). Bandung. 

MEDW A Y, LORD. 1 972. The Quaternary Illamlllals of Malesia: a 
review. Ul/iv. Hull Depl. Geogr. misc. Series 1 3. pp. 63-83. 

MUSSER. G.G . •  1 987. The mammals ofSulawesi. [n: T.C. Whitmore 



1 8  GJ. Bartstra, D.A. Hooijer, B .  Kallupa & M .  Anwar Akib 

(ed.), Biageagraphica/ eva/llliall of/he Ma/ayArehipe/ago. Oxford, 
pp. 73-93. 

RUTIEN, L.M.R . . 1 927. \loordradaell aver de geo/agie vall 
Neder/alldseh Oos/-llIdie. Groningen. 

RUTIEN, L.M.R., 1 932. De ge% gie \'all Ned. /lldie. Den Haag. 
SARASIN,  P. & F. SARASIN, 1 90 1 .  ElI/wlII! einer geografisch 

ge% gischell BesehreilJIIllg der /lIse/ Ce/elies. Wiesbaden. 
SARASIN, P. & F. SARAS I N, 1 905. Reisen ill Ce/ehes, al/sgeflillr/ 

ill dell Jahrell /893-1896 I/lld / 902- / 903. Wiesbaden. 
SARTONO. S., 1 979. The age of the vertebrate fossil s  and artefacts 

from Cabenge in South Sulawesi, Indonesia. Modem Ql/a/emOlY 
Research in SOlllheas/ Asia 5. pp. 65-8 1 .  

S HUTLER, JR., R . .  199 1 .  Colonization, expansion, and successful 
adaptation i n  Southeast Asia, New Guinea and Australia 40,000-
1 0,000 B.P. AsiOlI Profi/e 1 9. pp. 1 5 1 - 1 57. 

SJAHROEL, 1 970. Penjelidikangeologi pendahuluandaerah bahagian 

tengah Kabupaten Soppengdi Sulawesi Selatan. Bandung, unpubl., 
3 1  pp. 

SONDAAR, P. Y . . 1 9 8 1 .  The Geoclle/olle faunas of the Indonesian 
archipelago and their paleogeographical and biostratigraphical 
significance. Modem QI/a/emary Research ill SOlllheas/ Asia 6, 
pp. 1 1 1 - 1 1 9. 

SUKAMTO, R., 1 975. PeJa geologi /lIdonesia. /ell/bar Ujllllg 
PandalIg. Bandung. 

TURNER, R.D . •  1966. A sl/nle)' alld illl/slra/ed co/a/ogl/e af /he 
Teredinidae (Mo//I/sea: Biva/via ). Cambridge (Mass.). 

W ALLACE, A.R. . 1 860. On the zoological geography of the Malay 
Archipelago. JOl/m. Lill/I. Soe. London 4. pp. 1 72- 1 84. 

WICHMANN, A .. 1 890. Bericht liber eine im Jahre 1 888- 1 889 
ausgefiihrte Reise nach dem Indischen Archipel. Tijdsehr. Kon. 
Ned. Aardr. Gell . •  pp. 92 1 -994. 




