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ABSTRACT 
 
The Lariang and Karama regions of Western 
Sulawesi, an area of approximately 10,000 km2, were 
the subject of a field-based investigation with the aim 
of understanding the Cenozoic evolution of the 
eastern Makassar Straits. Western Sulawesi was 
influenced by the development of the Makassar 
Straits to the west, and the collision of continental, 
ophiolitic and island arc fragments to the east. The 
timing of these events has been the subject of 
considerable debate and it has been suggested that 
Neogene collisions in Sulawesi caused inversion in 
Borneo. A new stratigraphy for the Lariang and 
Karama regions of Western Sulawesi, based on 
fieldwork, is presented here and provides new and 
significant insights into the evolution of the Makassar 
Straits region. The oldest sediments are non-marine 
and could be as old as Paleocene; they include coals, 
sandstones and mudstones. Rifting had started by the 
Middle Eocene and continued into the Late Eocene. 
Eocene sediments were deposited in graben and half 
graben in both marine and marginal marine 
environments. The Eocene Makassar Straits rift was 
highly asymmetrical; the Kalimantan margin was 
approximately twice the width of the Sulawesi 
margin. Thermal subsidence had started by the Late 
Eocene and by the end of the Oligocene most of 
Western Sulawesi was an area of shelf carbonate and 
mudstone deposition. Carbonates and mudstones were 
deposited throughout the Early Miocene and in places 
until the Middle or Late Miocene. During the 
Pliocene the character of sedimentation changed 
significantly. Uplift and erosion was followed by the 
deposition of coarse clastics derived from an orogenic 
belt to the east of the study area. Early Miocene 
collisions to the east had little effect on Western 
Sulawesi.  
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Orogenic  deformation, a regional unconformity and 
input of orogenic sediment are Pliocene. Deformation 
offshore Western Sulawesi dates from the Pliocene 
whereas deformation offshore Eastern Kalimantan 
dates from the Early Miocene. 
 
INTRODUCTION 
 
The earliest known exploration in the Lariang and 
Karama regions was in the years 1898-1900 when the 
Doda Oil Company drilled about four wells in the 
southern part of the Lariang region. The company’s 
failure to find commercial quantities of hydrocarbons 
led to its liquidation and no further interest was 
shown in the area until the arrival of BPM geologists 
from Balikpapan in 1927. One hundred years later we 
find ourselves in a comparable situation. Since the 
1970’s several oil companies have investigated the 
region only to conclude that the area contains no 
commercial quantities of hydrocarbons. However, 
now that deeper water areas of the west Makassar 
Straits are being explored the need to understand 
potential hydrocarbon systems towards the east at the 
conjugate margin cannot be ignored. 
 
This paper presents the findings of a Ph.D. study 
(Calvert, 2000a) and the stratigraphy presented 
replaces that of a previous IPA paper (Calvert, 
2000b). The overall aims of the study were: to map 
and establish the stratigraphy of the Lariang and 
Karama regions of Western  Sulawesi   (Figures 1  
and 2); to make palaeogeographic interpretations of 
the Cenozoic sequences (Figure 3) and to determine 
the effects on Western Sulawesi of Paleogene rifting 
in the Makassar Straits and Neogene collision events 
in Eastern Sulawesi. 

 
Four months fieldwork in 1996 and 1997 involved 
detailed logging, field mapping, and the collection of 
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550 rock samples. Data were collected from a series 
of logging roads in the deforested coastal lowlands, 
and from river traverses into the mountainous jungle 
interior. Samples were dated using nannofossils, 
planktonic foraminifera and pollen (courtesy of SE 
Asia Research Group, UCL and LEMIGAS). Remote 
sensing data (courtesy of PT North Mining, PT Rio 
Tinto, Caltex and Chevron) have been interpreted and 
integrated with the field and biostratigraphic data to 
produce a new geological map of the region (Figure 
2) with a significant revision of the pre-existing 
stratigraphies of the study area (Hadiwijoyo et al., 
1993; Ratman and Atmawinata, 1993; Sukamto, 
1973). Detailed sedimentary facies analyses combined 
with information from the microfossil assemblages 
allowed interpretation of Cenozoic environments. 
Thin section analysis identified provenance trends in 
the Neogene sequences. The new map (simplified in 
Figure 2) along with interpretation of onshore seismic 
data (courtesy of Caltex), has enabled a structural 
interpretation of the region. 
 
Reasons for this study 
 
At the beginning of this study it was clear that the 
geology of the Lariang and Karama regions of 
Western Sulawesi was poorly known yet should offer 
significant insights into the evolution of the Makassar 
Straits area. 
 
Several models have been proposed for the evolution 
of the region and are driven by different insights from 
both Eastern Kalimantan and Eastern Sulawesi (Ali et 
al., 1996; Bergman et al., 1996; Charlton, 2000; 
Guntoro, 1999; Parkinson, 1998; McClay et al., 2000; 
Simandjuntak and Barber, 1996; Walpersdorf et al., 
1998). These models have never been compared or 
amalgamated with one other and data from the critical 
area in the middle (the Lariang and Karama regions) 
has never been included in them. Cenozoic 
reconstructions of the Eastern Makassar Straits / 
Western Sulawesi area have assumed that it was 
affected firstly by Paleogene extension, which 
eventually led to the formation of the Makassar 
Straits, and secondly by Neogene contraction and 
uplift driven principally from the east. Therefore, the 
study area would seem to be in an ideal location to 
observe the effects of Paleogene extension and is 
directly in front of a postulated Neogene orogenic 
belt. The investigation of the geology of this region 
was therefore carried out to help constrain the timing 
of Cenozoic tectonic events in this part of SE Asia. 

STRATIGRAPHY 
 
A summary of the stratigraphy follows. Key place 
names are shown on Figures 1 and 2. 
 
Mesozoic Basement 
 
The Mesozoic basement in the Lariang and Karama 
regions consists of metamorphic rocks unconformably 
overlain by less deformed Upper Cretaceous dark 
shales and volcanic rocks. This basement crops out 
mainly in the highlands where there are peaks up to 
3000m high. Previous workers (Hadiwijoyo et al., 
1993; Ratman and Atmawinata, 1993; and Sukamto, 
1973) made comparisons between the Mesozoic of 
central Western Sulawesi and equivalent basement to 
the south described by Djuri and Sudjatmiko (1974) 
and Sukamto (1982). The Cretaceous dark shales 
observed in this study are similar to those described 
by van Leeuwen (1981) and are therefore considered 
laterally equivalent. These rocks are interpreted to be 
the deposits of a forearc basin situated to the west of a 
west-dipping subduction zone (Hasan, 1991). 
 
The Mesozoic rocks in the South Arm of Sulawesi 
have affinities with Mesozoic rocks in Eastern 
Kalimantan (Hamilton, 1979; Hasan, 1990; Moss and 
Chambers, 1999; Parkinson, 1991; Sikumbang, 1990; 
van Leeuwen, 1981). Palaeomagnetic data from both 
areas is also similar (Fuller et al., 1999). These are 
two lines of evidence that suggest Western Sulawesi 
and Eastern Kalimantan were positioned closer 
together prior to the Cenozoic. 
 
 
The Toraja Group 
 
The Middle Eocene to lower Upper Oligocene Toraja 
Group (new name) is exposed between the northern 
Quarles Mountains and the northeastern Molengraaff 
Mountains. The Toraja Group rests unconformably on 
Upper Cretaceous rocks. Although the upper contact 
with the Neogene Lisu Formation was not seen it is 
believed to be conformable. The group is separated 
into two formations: the thicker marginal marine / 
terrestrial sedimentary rocks of the Kalumpang 
Formation and the more extensive marine 
sedimentary rocks of the Budungbudung Formation. 
The Toraja Formation 70 km to the south as originally 
defined by Djuri and Sudjatmiko (1974) is quite 
similar to the Budungbudung and Kalumpang 
Formations. Therefore the Toraja Formation of 
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Ratman and Atmawinata (1993) has been elevated to 
group status in recognition of this similarity. 
 
 
a. Kalumpang Formation 
 
The Middle to Upper Eocene Kalumpang Formation 
is a sequence of shales, coal beds and metre thick 
quartzose sandstones that outcrop in the northern 
Quarles Mountains. The type locality of the 
Kalumpang Formation is in the Karama River (Figure 
2). The formation is approximately 3200m thick and 
unconformable on Upper Cretaceous rocks. This 
formation is thought to be analogous to the 
‘Coalfields’ that were first described in this region by 
Reyzer (1920). The formation passes laterally into 
and is conformably overlain by limestone of the 
Budungbudung Formation. 
 
b. Budungbudung Formation 
 
The Middle Eocene to Upper Oligocene 
Budungbudung Formation is a variable sequence of 
variegated soft to shaly mudstones, quartzose 
sandstones, limestones, and minor conglomerates. 
The type area for the Budungbudung Formation is 
near the Budungbudung River in the northern Karama 
region (Figure 2) and the formation has an estimated 
minimum thickness of 1000-2000m. The formation is 
exposed in the Karama region and the northern 
Lariang region where the formation is unconformable 
on Upper Cretaceous rocks. The upper contact with 
the overlying Lisu Formation was crossed in both 
regions but was not seen. In the Karama River the 
formation passes laterally into and overlies the 
Middle to Upper Eocene Kalumpang Formation.  
 
c. Interpretation  
 
In the Karama River the Kalumpang Formation is a 
marginal marine/ terrestrial succession deposited in 
the subsiding hangingwall of a NE-SW trending 
normal fault forming a half graben. Pollen from the 
coal beds in the Kalumpang Formation has been dated 
as Middle to Late Eocene. A schematic model (Figure 
3) shows the observed temporal and spatial facies’ 
relationships (after Moss and Chambers, 1999). 
 
The Budungbudung Formation formed in a Middle 
Eocene to early Late Oligocene shallow marine 
environment. The upper part of the Budungbudung 
Formation contains limestone shoals and is overlain 

by mudstone. This lithofacies change is interpreted as 
marking a relative rise in sea level.  
 
Lisu Formation 
 
The Lisu Formation (new name) is a sequence of 
interbedded mudstone, greywacke and pebbly 
greywacke. The type locality of the Lisu Formation is 
in the Budungbudung River (Figure 2). In 1997 the 
type locality was reached by a logging road up to the 
Lisu tributary and by boat along the Budungbudung 
River. However, in 2001 the logging road was 
overgrown and a series of rapids on the river 
prevented access. The formation is approximately 
2000m thick and has a late Early Miocene to Early 
Pliocene age based on nannofossils and foraminiferal 
analysis. The base of the Lisu Formation is 
lithologically similar to the top of the Eocene-
Oligocene Toraja Group – it is dominated by 
mudstones. The contact between these two parts of 
the stratigraphy was crossed in two separate places 
100 km apart. There is no evidence for an angular 
unconformity at either location and no evidence of a 
tectonic event. Neither has an unconformity been 
identified in areas to the south (see Bergman et al., 
1996) and the similarity in facies between the upper 
Toraja Group and the lower Lisu Formation suggests 
that the contact is conformable. 
 
 
a. Palaeobathmetry 
 
The palaeobathymetric evidence derived from 
nannofossil assemblages and trace fossils indicates 
that the Lisu Formation formed in water depths of less 
than 150-200m and the majority of the formation may 
have been deposited in water depths of approximately 
30-50m.  
 
 
b. Lithofacies 
 
In order to deduce the environment of deposition for 
the Lisu Formation the formation’s lithofacies have 
been grouped into three different lithofacies 
associations that are thought to be genetically or 
environmentally related (after Collinson, 1969). 
These are: a succession dominated by sandstone 
deposited by sediment flow processes; a succession of 
interbedded sediments deposited from sediment flows 
and suspension; a succession dominated by mudstone 
deposited from suspension. 
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c. Interpretation 
 
The distribution and age of the lithofacies, combined 
with the petrographic data, is the basis for 
interpretation of the Lisu Formation. From the late 
Early Miocene to early Late Miocene mudstone was 
deposited on a shallow marine shelf that extended 
across the whole study area. Coarse volcaniclastic 
debris and thin tuff beds in the central Lariang region 
show that there was some Middle Miocene volcanic 
activity to the east. During the Late Miocene there 
was a substantial input of coarse sediment indicating 
increased relief to the east of the study area. Sand was 
deposited by gravity flows onto the shelf, and some 
was derived from a volcanic center to the south of the 
Karama region.  
 
 
Microfossils in the Lisu Formation show that Middle 
Eocene, Oligocene, Early Miocene and Middle 
Miocene marine sediments were reworked during the 
Late Miocene. Fission track and K-Ar dating of 
igneous rocks east and south of the Lariang and 
Karama regions (Bellier et al., 1998; Bergman et al., 
1996) show that uplift and magmatism was occurring 
in these areas. However, there is no evidence for a 
great elevation or large input of sediment derived 
from an orogenic belt (in contrast to the Pasangkayu 
Formation). 
 
 
Pasangkayu Formation 
 
The Pasangkayu Formation is dominated by 
conglomerate and sandstone beds with an increase in 
the proportion of mudstones nearer the present day 
coastline. The type locality of the Pasangkayu 
Formation is east of the large hairpin bend in the 
Lariang River valley (Figure 2). The formation 
fringes the northern Quarles and eastern Molengraaff 
Mountains. The name Pasangkayu Formation was 
first used by Hadiwijoyo et al. (1993) to describe 
sedimentary rocks in a similar stratigraphic position 
to the Pasangkayu Formation of this study. The 
formation has a latest Early Pliocene to Pleistocene 
age (based on foraminifera and nannofossils recorded 
by Hadiwijoyo et al., 1993) and a thickness of 
between 2000m and 3500m. The formation is 
unconformable on Mesozoic and older Cenozoic 
rocks and is unconformably overlain by Quaternary 
alluvium and limestones. 
 

a. Interpretation 
 
The conglomerates of the Pasangkayu Formation are 
the product of deposition in alluvial fans that 
bordered and inter-fingered with alluvial plain and 
marine deposits. The alluvial fans reached the present 
day coastline in the Karama region by the Late 
Pliocene (well data Karama-1S Figure 2). Alluvial fan 
deposition was restricted to a valley in the Lariang 
region and sediment transport, dispersal and 
distribution reflects control by major basement faults.  
 
In the Karama region there is evidence for syn-
depositional deformation of the Pasangkayu 
Formation conglomerates. Since the Late Pliocene 
between 2000 and 3000m of sediment was deposited 
in the Lariang and Karama regions. In contrast, a 
similar thickness of the Mio-Pliocene Lisu Formation 
required a period of at least 6 million years to 
accumulate. Therefore since the Late Pliocene, 
sediment accumulation rates approximately doubled. 
 
 
STRUCTURE 
 
This large-scale study of the Lariang and Karama 
regions has identified three trends in the orientation of 
structures through fieldwork and remote sensing 
analysis. All three (NE-SW, NW-SE and N-S) are 
present in Cenozoic rocks but only NE-SW and NW-
SE structures are observed in Mesozoic rocks. These 
trends are also seen in basement rocks of the South 
Arm of Sulawesi (Hasan, 1990), the Kutai Basin 
(Cloke et al., 1997) and the Meratus region of 
southeast Kalimantan (Guntoro, 1999). These 
structural data support the hypothesis that all of these 
areas were positioned closer together in the Late 
Cretaceous. 
 
The principal structures of the Toraja Group and Lisu 
Formation are NE-SW, with a subordinate NW-SE 
trend, and a minor trend approximately N-S. Similar 
structural trends are observed in the Cenozoic strata 
of the South Arm of Sulawesi (Ascaria, 1997; 
Coffield et al., 1993; Wilson et al., 2000;) and in 
Eastern Kalimantan. (Cloke, 1997; Kusuma and 
Darin, 1989; Satyana et al., 1999).  
 
 
No predominant structural trend was identified in the 
Plio-Pleistocene Pasangkayu Formation. 
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Seismic Interpretation 
 
NW-SE structures can be traced offshore into the 
Makassar Straits and, with NE-SW fault trends, are 
apparent on seismic reflection and gravity data 
(Bransden and Matthews, 1992; Cloke et al., 1999; 
Wilson and Bosence, 1996). NW-SE trending faults 
interpreted as strike-slip faults have been identified in 
this study, one following the broad Lariang valley and 
a second offsetting the basement front near the 
Karossa River. Offshore, NW-SE faults have been 
interpreted as showing Plio-Pleistocene movements 
(Samuel et al., 1996). An inverted Paleogene half-
graben has been interpreted in the Karama region 
based on a poor quality onshore seismic line (BP-90-
01, Figures 2 and 4) and field observations as shown 
on the schematic sedimentary model (Figure 3). 
Quaternary limestones now at the surface, 
deformation of the Pasangkayu Formation, present 
day seismic activity and GPS observations all indicate 
that deformation and uplift in the region is continuing 
at present (Walpersdorf and Vigney, 1998). 
 
SUMMARY OF THE GEOLOGICAL HISTORY  
OF THE LARIANG AND KARAMA REGIONS 
 
The Kalumpang and lower parts of the 
Budungbudung Formations were deposited in NE-SW 
trending half-graben formed in a period of extension 
during the Middle and Late Eocene. In the Karama 
region Paleogene half-graben have been interpreted 
from seismic lines (fault F2, Figure 4) and from 
surface data (fault F3 to A’, Figure 4). Mapping 
shows that the Toraja Group terminates at faults 
oriented NW-SE (see Figure 2) which may have been 
transfer zones between individual half-graben 
segments. 
 
During the Middle to Late Eocene there were a 
variety of facies that reflect the initial development of 
relief and the formation of elongate depocentres 
approximately 20-40 km long and 10 km wide 
(Figure 2). The presence of conglomerates near the 
base of the Toraja Group suggests that faulting 
induced strong syn-depositional relief. The Middle to 
Upper Eocene strata include the marginal 
marine/terrestrial Kalumpang Formation in which 
there are coal, mudstone and sandstone facies all 
interpreted as initial basin fill. During the Late 
Eocene there were many localised limestone shoals 
across both the Lariang and Karama regions. This is 
interpreted as indicating a rise in relative sea level 

brought about either by continued subsidence or by 
eustasy. Figure 3 suggests that some of the limestone 
shoals may have been deposited on tops of fault 
blocks as shown by Moss and Chambers (1999) for 
the Kutai Basin. 
 
During the Late Eocene rifting ceased and thermal 
subsidence continued during the Oligocene. The half-
graben were buried beneath mudstone and limestone 
of the upper part of the Budungbudung Formation and 
sedimentation was of similar character over most of 
the region. There is no evidence for limestone or 
coarse sand deposition in the area during the 
Oligocene. By the mid-Oligocene mudstone of the 
Budungbudung Formation was being deposited in an 
outer neritic shelf environment. Subsidence continued 
through the Miocene to Early Pliocene with 
deposition of the Lisu Formation in a setting broadly 
similar to that of the Budungbudung Formation. 
Although the Upper Oligocene to early Middle 
Miocene has not been found on land there is no 
evidence for important angular unconformities within 
the Eocene and Miocene sequences, although there 
may be stratigraphic breaks due to fluctuations in 
relative sea level. 
 
Towards the end of the Early Pliocene the Paleogene 
half-graben were inverted as folding and thrusting 
began. This is the oldest Cenozoic contractional 
deformational event to affect the Lariang and Karama 
regions. Deformation was thick-skinned, involving 
basement, and thrusts cut through the Lisu Formation, 
juxtaposing Cretaceous basement with Cenozoic 
strata. As the region to the east rose rapidly, marine 
sedimentation ceased and a major regional angular 
unconformity developed (Figure 2). This is probably 
the same unconformity interpreted on the PAC 201 
offshore seismic line by Bergman et al. (1996). Large 
quantities of coarse clastic sediments of the Plio-
Pleistocene Pasangkayu Formation were carried east 
to be deposited in alluvial fans of foreland basins at 
the deformation front.  
 
Deformation continued throughout the Plio-
Pleistocene recorded by syn-depositional folding of 
younger parts of the Pasankayu Formation. Erosion of 
the older sediments continued and the Pasangkayu 
Formation was also folded and eroded. Existing folds 
above the Paleogene half-graben were tightened and 
elevated. Topographically higher areas may have 
acted as barriers with ‘ponding’ of sediment in minor 
or satellite basins (in the sense of Ricci Lucchi, 1986) 
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between them and the mountain front. This is inferred 
by the outcrop patterns in the Lariang region between 
the Lariang and Karossa Rivers (Figure 2). 
 
DISCUSSION AND REGIONAL CONTEXT 
 
Early Tertiary Extension 
 
The Toraja Group records subsidence in the Lariang 
and Karama regions from the Middle Eocene through 
to the early Late Oligocene. There is no firm evidence 
for Paleocene to Lower Eocene strata in the study 
area. In the Lariang and Karama regions the oldest 
Tertiary sediments are at the base of the Toraja Group 
where shallow marine sediments of the 
Budungbudung Formation are dated as Middle 
Eocene. It is therefore inferred that basin initiation, 
half-graben formation and basin subsidence were all 
underway during the Middle Eocene. These rocks are 
similar in age and character to the oldest parts of the 
Kutai Basin (Moss et al., 1997; Moss and Chambers, 
1999; van de Weerd and Armin, 1992). 
 
Sedimentological data from Paleogene strata in the 
Kutai Basin of Eastern Kalimantan indicate that they 
were deposited in deeper water settings than strata 
seen on land in Western Sulawesi, and by the 
Oligocene parts of it were “bathyal” (Chambers and 
Daley, 1995; Feriansyah et al., 2000; Moss et al., 
1997; Moss and Chambers, 1999; van de Weerd and 
Armin, 1992). This may be due in part to the fact that 
only the areas close to the eastern shelf and upper 
slope are represented on land in Western Sulawesi. 
Nonetheless, the distance from the former shelf to the 
deep central part of the Makassar Straits is much less 
than that from the equivalent shelf in Kalimantan. The 
Paleogene basins of Eastern Kalimantan cover a much 
wider area than those in Western Sulawesi. The zone 
of early Tertiary extension was in fact about twice as 
wide in Eastern Kalimantan (~400 km, Cloke, (1997); 
>100 km, Moss and Chambers, 2000) than it was in 
Western Sulawesi (see also reconstructions in Wilson 
and Moss, 1999). 
 
Neogene Contraction 
 
The Miocene saw a change of both sedimentary and 
tectonic character across the Makassar Straits region. 
The geometry of the Kutai Basin changed during this 
period and inversion occurred (Cloke et al., 1997; 
McClay et al., 2000; Paterson et al., 1997; Tanean et 
al., 1996; van de Weerd and Armin, 1992). Basins 

across Eastern Kalimantan filled with sediment (Moss 
and Chambers, 1999) so that by the end of the 
Miocene the drainage system in the Kutai Basin was 
similar to that of the present day (Paterson et al., 
1997). The Makassar Straits was still a major deep 
basin but had narrowed as a result of the progradation 
of deltas across Eastern Kalimantan (Wilson and 
Moss, 1999). 
 
In Sulawesi, the Miocene was supposedly a period of 
collisions: ophiolites were detached and emplaced in 
SE Sulawesi by the Early Miocene (Parkinson, 1998). 
Since the Early Miocene there have been at least two 
further collisions between Sulawesi and 
microcontinents transported along the Sorong Fault 
system (Hall, 1996, 1997) with ages attributed to the 
collisions ranging from Early to Late Miocene (e.g. 
Audley-Charles et al., 1972; Bergman et al., 1996; 
Daly et al., 1991; Davies, 1990; Fortuin et al, 1990; 
Hall, 1996; Hamilton, 1979; Kündig, 1956; 
Parkinson, 1998 and Smith and Silver, 1991). The 
microcontinental fragments that collided at the 
eastern margin of Sundaland were small, but the 
effects of their collisions have been inferred to have 
caused major tectonic events throughout Sulawesi. 
They have been used to explain the juxtaposition of 
the Central Sulawesi Metamorphic Belt and Western 
Sulawesi (Simandjuntak and Barber, 1996); Miocene 
magmatism in Western Sulawesi and subsidence of 
the Makassar Straits (Bergman et al., 1996); Late 
Miocene clockwise rotation and uplift of the North 
Arm of Sulawesi (Pearson and Caira, 1999) and the 
development and subsequent collapse of an orogen 
(Milsom et al., 1999; Sudarmono, 2000). The 
inversion in Eastern Kalimantan has also been 
attributed to the collision events in Sulawesi 
(Bransden and Matthews, 1992; Cloke et al., 1997; 
Daly et al., 1991; Letouzey et al., 1990; Longley, 
1997; McClay et al., 2000; Tanean et al., 1996; van 
de Weerd and Armin, 1992). Most recently the Late 
Miocene (~10.5 Ma) inversion event in the Kutai 
Basin has been directly related to the collision of the 
Banggai-Sula microcontinent with the East Arm of 
Sulawesi (McClay et al., 2000). 
 
The study area lies between sites of Miocene 
collisions to the east, and basins to the west in Eastern 
Kalimantan that are thought to have inverted because 
of the collisions. However, this study shows that there 
is no evidence for significant deformation resulting 
from Miocene collisions in the Lariang and Karama 
regions. Elsewhere in Western Sulawesi the evidence 
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for deformation driven by collisions further east is 
weak. There is no evidence for an Early to Middle 
Miocene regional unconformity in the South Arm of 
Sulawesi (Bergman et al., 1996; Coffield et al., 1993, 
1997; Grainge and Davies, 1983; Guritno et al., 1996; 
Pertamina, 1996; Wilson et al., 2000). Also of 
significance is that much of the inversion in East 
Kalimantan actually occurred before the collisions 
which are supposed to be their cause. For example, 
the collision of Banggai-Sula block in the east arm 
occurred at the end of the Miocene whereas 
Kalimantan inversion began in the Early Miocene. 
Furthermore, seismic lines show that the central 
Makassar Straits are undeformed (e.g. Samuel et al., 
1996) which highlights problems of how stresses 
related to collisions in the east of Indonesia were 
transmitted far to the west. Evidence is accumulating 
that these events are not directly related and that 
Western Sulawesi, far from being situated in the 
center of an orogenic belt in the Miocene, was either a 
region of no deformation, or at times was a region of 
extension. 
 
The high proportion of igneous debris in the Lisu 
Formation in the Karama region may be related to a 
peak in volcanic activity in the northern part of the 
South Arm in the Late Miocene (Bergman et al., 
1996; Coffield et al., 1997). Potassium-rich magmas 
in the northern part of the South Arm of Sulawesi 
were erupted between 10 and 12 Ma (Polvé et al., 
1997; Priadi et al., 1994). A second group of potassic 
(calc-alkaline) volcanic rocks are abundant in the Palu 
Valley area (Figure 1) and formed between 6.5 and 
0.5 Ma (Polvé et al., 1997; Priadi et al., 1994). These 
potassic igneous rocks are not typical of subduction-
related arc volcanism (Hall and Wilson, 2000). Three 
different processes have been put forward for their 
generation: crustal thickening resulting from 
continent-continent collision between Western 
Sulawesi and a microcontinent (Bergman et al., 1996; 
Coffield et al., 1993); syn-collisional melting with a 
large contribution from subducted sediments (Elburg, 
1999); extension following collision with a 
microcontinent during the Middle Miocene (Polvé et 
al., 1997; Priadi et al., 1994; Yuwono et al., 1988). 
Based on the absence of syn-orogenic sediments or a 
regional unconformity, both crustal thickening and 
syn-collisional melting are unlikely explanations. It 
seems more likely that the potassic igneous rocks are 
associated with extension, as proposed by Polvé et al. 
(1997) Priadi et al. (1994) and Yuwono et al. (1988). 
There is also evidence for extension during the 

Middle and Late Miocene in the Walanae Depression 
(van Leeuwen, 1981); in the Sengkang region 
(Ascaria, 1997, 1999) and in the Gulfs of Tomini and 
Bone to the east of Western Sulawesi (Bergman et al., 
1996; Coffield et al., 1993; Hamilton, 1979; 
Sudarmono, 2000). 
 
Pliocene Orogeny 
 
The products of the Miocene collisions in Sulawesi 
were uplift, erosion and deposition of the ‘Celebes 
Molasse’ as first described by Sarasin and Sarasin 
(1901). The term ‘Celebes Molasse’ has been used by 
subsequent workers for clastic sediments of young 
Neogene age which are found all over Sulawesi (van 
Bemmelen, 1949) and it is often assumed that its age 
is similar throughout Sulawesi (cf. Milsom et al., 
1999). In fact the ‘Celebes Molasse’ is not well dated 
(Hall and Wilson, 2000). At its oldest, in southeast 
Sulawesi, it has been dated as Lower Miocene 
(Surono and Sakarna, 1996) and Middle Miocene 
(Kündig, 1956). At its youngest, in the East Arm of 
Sulawesi, it has been dated as Plio-Pleistocene 
(Davies, 1990; Purnomo et al., 1999). In the Lariang 
and Karama regions the ‘Celebes Molasse’ was 
originally considered to be Pliocene (Hundling, 1942) 
although some subsequent workers extended the term 
to include older Miocene formations (Hadiwijoyo et 
al., 1993; Ratman and Atmawinata, 1993). To avoid 
confusion, the term has not been used in this study, 
but the syn-orogenic deposits of the Lariang and 
Karama regions are those of the Pasankayu 
Formation, which formed in a foreland basin setting 
to the west of a rapidly emerging orogenic belt. 
 
Pliocene to recent strata of the South Arm of Sulawesi 
are very similar to those of the Pasangkayu 
Formation. In the northern part of the South Arm 
deformation started at the end of the Miocene 
(Coffield et al., 1997) which is slightly earlier than in 
the Lariang and Karama regions. Early Pliocene 
sediments in the South Arm were covered by Plio-
Pleistocene syn-orogenic conglomerates of the 
“Celebes Molasse” (Coffield et al., 1993; Garrard et 
al., 1992). East of the Walanae Depression (Figure 1) 
in the Sengkang region a Mio-Pliocene carbonate 
platform was eventually covered by up to 3500 m of 
coarse clastic sediments — the ‘Celebes Molasse’ 
(Grainge and Davies, 1983) — most of which were 
derived from the erosion of the Latimojong 
Mountains to the north (Coffield et al., 1993). West of 
the Walanae Depression folding of Middle to Late 
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Miocene volcaniclastics and older strata occurred 
sometime after the end of the Miocene (Wilson and 
Bosence, 1996). 
 
CONCLUSIONS 
 
Two major unconformities were identified during this 
study of the Lariang and Karama regions of Western 
Sulawesi — one between Upper Cretaceous forearc 
deposits and Eocene shelf sediments, and a younger 
one between Lower Pliocene shelf sediments and 
Plio-Pleistocene syn-orogenic sediments. 
 
Non-marine sediments at the base of the lower 
Tertiary sections could be as old as Paleocene. The 
oldest dated sediments are marine and record a 
transgression in the Middle Eocene that may be 
related to pre-breakup subsidence but must post-date 
the initiation of rifting in the region. 
 
The Eocene sediments were deposited in graben and 
half graben in both marine and marginal marine 
environments. The Makassar Straits Eocene rift was 
highly asymmetric. The zone of extension of the 
western margin (Kalimantan) was approximately 
twice as wide as that of the eastern margin (Sulawesi). 
 
The post-rift subsidence phase had started by the Late 
Eocene. In the Late Eocene carbonate shoals and shelf 
mudstones covered the margins of the Makassar 
Straits, and by the end of the Oligocene most of 
Western Sulawesi was an area of shelf carbonate and 
mudstone deposition. 
 
During the Early Miocene microcontinental fragments 
collided with the SE Arm of Sulawesi but in South 
Sulawesi there is no evidence for a break in marine 
deposition. In the study area the lowermost Miocene 
has not been found. However, there is no evidence in 
Western Sulawesi for either a significant regional 
unconformity, or input of orogenic sediment. Instead, 
throughout the Early Miocene and in places until the 
Middle or Late Miocene, carbonates and mudstones 
were deposited. The Early Miocene collisions did not 
cause an orogeny in Western Sulawesi. 
 
In the Lariang and Karama regions volcanogenic 
input dates only from the late Middle Miocene. The 
lack of widespread persistent Cenozoic volcanism 
suggests local volcanic centers and the absence of a 
significant nearby arc. By the end of the Middle 
Miocene the region was undergoing extension and not 

inversion or crustal thickening. There was inversion 
and uplift in Eastern Kalimantan during the Miocene 
but none in Western Sulawesi. The inversion in 
Eastern Kalimantan was due to tectonic events in 
Borneo, not collisions in Sulawesi. 
 
During the Pliocene the character of sedimentation 
across the whole of Western, Central and Eastern 
Sulawesi changed significantly. Uplift and erosion 
was followed by the deposition of coarse clastics 
derived from an orogenic belt to the east of the study 
area. To the west of the orogenic belt there was syn-
orogenic sedimentation, inversion of Paleogene half-
graben, folding and thrusting, and the development of 
intra-basinal unconformities and mini-basins. In the 
Late Pliocene the study area changed from a passive 
margin to a foreland basin setting and sedimentation 
rates doubled. The deformation offshore Western 
Sulawesi dates from the Pliocene whereas 
deformation offshore Eastern Kalimantan dates from 
the Early Miocene. The Pliocene orogeny in Sulawesi 
resulted in the development of the present-day 
mountains that are now up to 3 km high. 
 
ACKNOWLEDGEMENTS 
 
The project on which this manuscript is based ran 
from 1996-2000 and was supervised by Professor 
Robert Hall (Royal Holloway, University of London) 
and funded by Amerada Hess and the SE Asia 
Research Group Consortium of oil companies. 
Logistical support in the field was provided by Mac 
Endharto (GRDC) Bandung, Indonesia. John 
Hebberger, Charles Kluth (Chevron, San Ramon), 
Fernando Gaggino (Caltex, Jakarta), Paul 
Hesithersay, Ian Mathison, Malcolm Wilson (PT 
North Mining) and Theo van Leeuwen (PT Rio Tinto) 
are acknowledged for allowing access to their 
LANDSAT TM and SAR data. Marcelle Fadel, and 
Fred Banner (UCL), Ted Finch and Bob Morley are 
thanked for the microfossil analysis and Eko Lelono 
(Lemigas) is thanked for the pollen analysis. Moyra 
Wilson (Durham), Simon Baker, and Gary Nichols 
(Royal Holloway) are also thanked for their input at 
various stages in the work. John Decker (Unocal) is 
thanked for allowing the author to return to the field 
area in 2001. 
 
REFERENCES CITED 
 
Ali, J.R., Milsom, J., Finch, E.M. & Mubroto, B. 
1996. SE Sundaland Accretion: Palaeomagnetic 



 509

Evidence of Large Plio-Pleistocene Thin-Skin 
Rotations in Buton. In: Hall, R. & Blundell, D.J. 
(eds.), Tectonic Evolution of Southeast Asia, 
Geological Society of London Special Publication, 
106, 431-443. 
 
Ascaria, N.A. 1997. Carbonate facies development 
and sedimentary evolution of the Miocene Tacipi 
Formation, South Sulawesi, Indonesia. Unpublished 
PhD. Thesis, University of London. 233 pp. 
 
Ascaria, N.A. 1999. Control on Carbonate 
Sedimentation of Tacipi Formation, South Sulawesi 
(Extended Abstract). In: Darman, H. & Sidi, F.H. 
(eds.). Tectonics and Sedimentation of Indonesia. 
FOSI-IAGI ITB Regional Seminar, 15-17th March 
1999, Bandung.70-71. 
 
Audley-Charles, M.G., Carter, D.J. & Milsom, J. 
1972. Tectonic development of Eastern Indonesia in 
relation to Gondwanaland dispersal. Nature, 239, 35-
39. 
 
Bellier, O., Beaudoin, T., Sebrier, M., Villeneuve, M., 
Bahar, I., Putranto, I., Pratomo, E., Massault, M. & 
Seward, D. 1998. Active faulting in central Sulawesi 
(eastern Indonesia). In: Wilson, P. & Michel, G. W. 
(eds.), The Geodynamics of S and SE Asia 
(GEODYSSEA Project), GeoForshingsZentrum, 
Potsdam, Germany. 276-312. 
 
Bergman, S.C., Coffield, D.Q., Talbot, J. P. & 
Garrard, R.J. 1996. Tertiary Tectonic and Magmatic 
Evolution of Western Sulawesi and the Makassar 
Strait, Indonesia: Evidence for a Miocene Continent-
Continent Collision. In: Hall, R. & Blundell, D.J. 
(eds.), Tectonic Evolution of Southeast Asia. 
Geological Society of London Special Publication, 
106, 391-430. 
 
Bransden, P.J.E. & Matthews, S.J. 1992. Structural 
and stratigraphic evolution of the East Java Sea, 
Indonesia. Indonesian Petroleum Association, 
Proceedings 21st Annual Convention, Jakarta, I, 417-
454. 
 
Calvert, S.J. 2000 a. The Cenozoic Geology of the 
Lariang and Karama regions, Western Sulawesi, 
Indonesia. PhD Thesis, University of London, 500 pp. 
 
Calvert, S. J. 2000 b. The Cenozoic evolution of the 
Lariang and Karama basins, Sulawesi. Indonesian 

Petroleum Association, Proceedings 27th Annual 
Convention, Jakarta, 2000, 1, 504-510. 
 
Chambers, J.L.C. & Daley, T.E. 1995. A tectonic 
model for the onshore Kutai Basin, East Kalimantan, 
based on an integrated geological and geophysical 
interpretation. Indonesian Petroleum Association, 
Proceedings 24th Annual Convention, Jakarta, 
October 1995, 1, 111-130. 
 
Charlton, T.R. 2000. Tertiary Evolution of the Eastern 
Indonesian Collision Complex. Journal of Asian Earth 
Sciences, 18, 603-631. 
 
Cloke, I.R. 1997. Structural controls on the basin 
evolution of the Kutai Basin and the Makassar Straits. 
PhD Thesis, University of London, pp 374. 
 
Cloke, I.R., Moss, S.J. & Craig, J. 1997. The 
influence of basement reactivation on the extensional 
and inversional history of the Kutai Basin, East 
Kalimantan, SE Asia. Journal of the Geological 
Society of London, 154, 157-161. 
 
Cloke, I.R., Milsom, J. & Blundell, D.J.B. 1999. 
Implications of gravity data from East Kalimantan 
and the Makassar Straits: a solution to the origin of 
the Makassar Straits? Journal of Asian Earth 
Sciences, 19, 61-78. 
 
Coffield, D.Q., Bergman, S.C., Garrard, R.A., 
Guritno, N., Robinson, N.M. & Talbot, J. 1993. 
Tectonic and stratigraphic evolution of the Kalosi 
PSC area and associated development of a Tertiary 
petroleum system, South Sulawesi, Indonesia. 
Indonesian Petroleum Association, Proceedings 22nd  
Annual Convention, Jakarta, 1993, 1, 679-706. 
 
Collinson, J.D. 1969. The sedimentology of the 
Grindslow Shales and the Kinderscout Grit: a deltaic 
complex in the Namurian of northern England. 
Journal of Sedimentary Geology, 39, 194-221. 
 
Daly, M.C., Cooper, M.A., Wilson, I., Smith, D.G. & 
Hooper, B.G.D. 1991. Cenozoic plate tectonics and 
basin evolution in Indonesia. Marine and Petroleum 
Geology, 8, 2-21. 
 
Davies, I.C. 1990. Geology and exploration review of 
the Tomori PSC, Eastern Indonesia. Indonesian 
Petroleum Association, Proceedings 19th Annual 
Convention, Jakarta, 1990, I, 41-68. 



510 

Djuri, M. & Sudjatmiko 1974. Geologic map of the 
Majene and western part of the Palopo quadrangles, 
South Sulawesi, (Quadrangles 17/X - 18/8), Scale 
1:250,000. Geological Survey of Indonesia, 
Directorate of Mineral Resources, Geological 
Research and Development Centre, Bandung. 
 
Elburg, M. 1999. Geochemical response to varying 
tectonic settings: An example from southern 
Sulawesi, Indonesia. Geochimica and Cosmochimica 
Acta, 63, 1155-1172. 
 
Feriansyah, L.T., Chambers, J.L.C., Dewantohadi. S. 
H., Syaiful, M., Priantono, T. & Imanhardjo, D.N. 
2000. Structural and Stratigraphic Framework of the 
Paleogene in the northern Kutei Bain East 
Kalimantan. Indonesian Petroleum Association, 
Proceedings 27th Annual Convention, Jakarta, 1, 444 
455. 
 
Fortuin, A.R., de Smet, M.E.M., Hadiwasastra, S., 
van Marle, L. J., Troelstra, S. R. & Tjokrosapoetro, S. 
1990. Late Cenozoic sedimentary and tectonic history 
of south Buton, Indonesia. Journal of Southeast Asian 
Earth Sciences, 4, 107-124. 
 
Fuller, M., J.R., Ali, J.R., Moss, S.J., Frost, G.M., 
Richter, B. & Mahfi, A. 1999.  Palaeomagnetism of 
Borneo. Journal of Asian Earth Sciences, 17, 3-24. 
 
Garrard, R.A., Nusatriyo, G. & Coffield, D.Q. 1992. 
The prospectivity of early Tertiary rift sequences in 
the Neogene foldbelts of South Sulawesi, (Extended 
Abstract & Figures). The Eastern Indonesia 
Exploration Symposium, Jakarta, April 29th 1992, 1-
12. 
 
Grainge, A.M. & Davies, K.G. 1983. Reef 
exploration in East Sangkang Basin, Sulawesi. 
Indonesian Petroleum Association, Proceedings 12th 
Annual Convention, Jakarta, 1983. 1, 207-228. 
 
Guntoro, A. 1999. The formation of the Makassar 
Straits and the separation between SE Kalimantan and 
SW Borneo. Journal of Asian Earth Sciences, 17, 79-
98. 
 
Guritno, N., Coffield, D.Q. & Cook, R.A. 1996. 
Structural Development of Central South Sulawesi, 
Indonesia. Indonesian Petroleum Association, 
Proceedings 25th  Annual Convention, Jakarta, 1, 253-
266. 

Hadiwijoyo, S., Sukarna, D. & Sutisna, K. 1993. 
Geology of the Pasangkayu Quadrangle, Sulawesi. 
(Quadrangle 2014) Scale 1: 250, 000. Geological 
Survey of Indonesia, Directorate of Mineral 
Resources, Geological Research and Development 
Centre, Bandung, 19 pp. 
 
Hall, R. 1996. Reconstructing Cenozoic SE Asia. In: 
Hall, R. & Blundell, D. J (eds.). Tectonic evolution of 
Southeast Asia, Geological Society of London Special 
Publication 106, 153-184. 
 
Hall, R. 1997. Cenozoic Plate tectonics of SE Asia. 
In: Fraser, A. J., Matthews, S. J. & Murphy, R. W. 
(eds.), Petroleum Geology of Southeast Asia. 
Geological Society of London Special Publication 
126, 11-23. 
 
Hall, R. & Wilson, M.E.J. 2000. Neogene sutures in 
eastern Indonesia. Journal of Asian Earth Sciences, 
18, 781-808. 
 
Hamilton, W. 1979. Tectonics of the Indonesian 
region. United States Geological Survey, Professional 
Paper, 1078, 345 pp. 
 
Hasan, K. 1990. The Upper Cretaceous flysch 
succession of the Balangbaru Formation, Southwest 
Sulawesi, Indonesia. Ph.D. Thesis, University of 
London, 337 pp. 
 
Hasan, K. 1991. Upper Cretaceous flysch succession 
of the Balangbaru Formation, Southwest Sulawesi. 
Indonesian Petroleum Association, Proceedings 20th  
Annual Convention, Jakarta 1991, 20, 183-208. 
 
Hundling, I.E.1942. Oil-possibilities in Ceram, New 
Guinea, Celebes, and Boeton. Geological Survey 
Report 1942, Arch. Bur. of Mines 37/dy. (In: van 
Bemmelen, R. W. (ed.), The Geology of Indonesia. 
Vol.2: Economic Geology). 
 
Kündig, E. 1956. Geology and ophiolite problems of 
East Celebes. Verhandelingen van het Koninklijk 
Nederlandsch Geologisch - Mijnbouwkundig 
Genootschap, Geologische Serie, 16, 210-235. 
 
Kusuma, I. & Darin, T. 1989. The hydrocarbon 
potential of the Lower Tanjung Formation, Barito 
Basin, S. E. Kalimantan. Indonesian Petroleum 
Association, Proceedings 18th Annual Convention, 
Jakarta, 107-138. 



 511

Letouzey, J., Werner, P. & Marty, A. 1990. Fault 
reactivation and structural inversion; backarc and 
intraplate compressive deformations; example of the 
eastern Sunda Shelf (Indonesia). Tectonophysics, 
183, 341-362. 
 
Longley, I.M. 1997. The Tectonostratigraphic 
evolution of SE Asia. In: Fraser, A. J., Matthews, S. J. 
& Murphy, R.W. (eds.), Petroleum Geology of 
Southeast Asia, Geological Society of London Special 
Publication, 126, 311-339. 
 
McClay, K.R., Dooley, T., Ferguson, A. & Poblet, J. 
2000. Tectonic Evolution of the Sanga-Sanga Block, 
Mahakam Delta, Kalimantan, Indonesia. American 
Association of Petroleum Geologists Bulletin, 84, 
765-786. 
 
Milsom, J., Ali, J. & Sudarwono. 1999. Structure and 
Collision History of the Buton Continental Fragment 
Eastern Indonesia, American Association of 
Petroleum Geologists Bulletin, 83, 1666-1689. 
 
Moss, S.J., Chambers, J.L.C. Cloke, I., Carter, A., 
Dharma, S., Ali, J. R. & Baker, S. 1997. New 
Observations on the Sedimentary and Tectonic 
Evolution of the Tertiary Kutai Basin, East 
Kalimantan. In: Fraser, A. J., Matthews, S. J. & 
Murphy, R. W. (eds.), Petroleum Geology of SE Asia. 
Geological Society of London Special Publication, 
126, 395-416. 
 
Moss, S.J. & Chambers, J.L.C. 1999. Tertiary facies 
architecture in the Kutai Basin, Kalimantan, 
Indonesia. Journal of Asian Earth Sciences, 17, 157-
181. 
 
Moss, S.J. & Chambers, J.L.C. 2000. Depositional 
modelling and facies architecture of rift and inversion 
episodes in the Kutai basin, Kalimantan, Indonesia. 
Proceedings of the Indonesian Petroleum Association 
27th Annual Conference, 1, 467-486 
 
Parkinson, C.D. 1991. The petrology, structure and 
geologic history of the metamorphic rocks of Central 
Sulawesi, Indonesia. Ph.D. Thesis, University of 
London, 337 pp. 
 
Parkinson, C.D. 1998. Emplacement of the East 
Sulawesi Ophiolite: Evidence from subophiolitc 
metamorphic rocks. Journal of SE Asian Earth 
Sciences, 16, 13-28. 

Paterson, D.W., Bachtiar, A., Bates, J.A., Moon, J.A. 
& Surdam, R.C. 1997. Petroleum systems of the 
Kutei basin, Kalimantan, Indonesia. In: Howes, J.V. 
C. & Noble, R.A. (eds.), Proceedings of the 
Petroleum Systems of SE Asia and Australasia 
International Conference. Indonesian Petroleum 
Association, Jakarta, Indonesia, 1997, 709-726. 
 
Pearson, D.F. & Caira, N.M. 1999. The geology and 
metallogeny of Central North Sulawesi. In: PACRIM 
'99 Congress, Australian Institute of Mining and 
Metallurgy 4/99, 311-326. 
 
Pertamina 1996. Eastern Indonesian Basins. In: 
Pertamina BPPKA (ed.), Petroleum Geology of 
Indonesian Basins. Pertamina, Jakarta,VI-IX, 32pp. 
 
Polvé, M., Maury, R.C., Bellon, H., Rangin, C., 
Priadi, B., Yuwono, S.Y, Joron, J. L. & Soeria-
Atmadja, R. 1997. Magmatic evolution of Sulawesi 
(Indonesia): constraints on the Cenozoic geodynamic 
history of the Sundaland active margin. 
Tectonophysics, 272, 69-92. 
 
Priadi, B., Polve, M., Maury, R.C., Bellon, H., Soeria-
Atmadia, R., Joron, J. L. & Cotten, J. 1994. Tertiary 
and Quaternary magmatism in Central Sulawesi: 
chronological and petrological constraints. Journal of 
Southeast Asian Earth Sciences, 9, 81-93. 
 
Purnomo, E., Tony, S. P. & Luthfi, A. 1999. Relative 
age indicator of Sulawesi collision zone, eastern arm 
of Sulawesi (Extended Abstract). In: Darman, H. & 
Sidi, F.H. (eds.), Tectonics and Sedimentation of 
Indonesia, FOSI-IAGI ITB Regional Seminar, 15-
17th March 1999. 76-78. 
 
Ratman, N. & Atmawinata, S. 1993. Geology of the 
Mamuju Quadrangle, Sulawesi. Scale 1:250,000. 
Geological Survey of Indonesia, Directorate of 
Mineral Resources, Geological Research and 
Development Centre, Bandung, 25 pp. 
 
Reyzer, J. 1920. Geologische aanteekeningen 
betreffende de Zuidelijke Toraja-landen, verzameld 
uit de verslagen der mijnbouwkundige 
onderzoekingen in Midden-Celebes. Jaarboedh. 
Mijnwezen Nederlandsch Oost-Indie 1918, 
Government Printing Office, Weltevreden. 154-209. 
 
Ricci Lucchi, F. 1986. The Oligocene to Recent 
Foreland Basins of the Northern Apennines. In: Allen, 



512 

P.A. & Homewood, P. (eds.), Foreland Basins. 
Special Publication of the International Association of 
Sedimentologists, 8, 105-139. 
 
 
Samuel, L., Purnomo, J., Bertange, A.J. & Smith, N. 
G. 1996. Results from interpretation of regional 
transects in central Indonesia. The Leading Edge, 
April edition, 261-266. 
 
Sarasin, P. & Sarasin, S. 1901. Entwurf einer 
geografisch - geologischen beschreibung der Insel 
Celebes. Wiesbaden, Deutschland. 
 
Satyana, A.H., Nugroho, D. & Surantoko, I. 1999. 
Tectonic controls on the hydrocarbon habitats of the 
Barito, Kutei, and Tarakan Basins, Eastern 
Kalimantan, Indonesia: major dissimilarities in 
adjoining basins. Journal of Asian Sciences, 17, 99-
122. 
 
Sikumbang, N. 1990. The Geology and Tectonics of 
the Meratus Mountains, South Kalimantan, Indonesia. 
Geologi Indonesia. Journal of the Indonesian 
Association of Geologists 13, 1-31. 
 
Simandjuntak, T.O. & Barber, A.J. 1996. Contrasting 
Tectonic Styles in the Neogene Orogenic Belts of 
Indonesia. In: Hall, R. & Blundell, D.J. (eds.), 
Tectonic Evolution of Southeast Asia, Geological 
Society of London Special Publication, 106, 185-201. 
 
Smith, R.B. & Silver, E.A. 1991. Geology of a 
Miocene collision complex, Buton, eastern Indonesia. 
Geological Society of America Bulletin, 103, 660-
678. 
 
Sudarmono, 2000. Tectonic and stratigraphic 
evolution of the Bone Basin, Indonesia: insights to the 
Sulawesi collision complex. Indonesian Petroleum 
Association, Proceedings 27th Annual Convention, 
Jakarta, 1, 531–543. 
 
Sukamto, R. 1973. Reconnaissance geologic map of 
Palu Area, Sulawesi - scale 1:250,000. Geological 
Survey of Indonesia, Directorate of Mineral 
Resources, Geological Research and Development 
Centre, Bandung. 
 
Sukamto, R. 1982. The geology of the Pangkajene 
and Western part of Watampone, Sulawesi 
(Quadrangles 2011, 2111) Scale 1:250,000. 

Geological Survey of Indonesia, Directorate of 
Mineral Resources, Geological Research and 
Development Centre, Bandung, 20 pp. 
 
Surono & Sukarna, D. 1996. Sedimentology of the 
Sulawesi molasse in relation to Neogene tectonics, 
Kendari area, eastern Indonesia. In: Proceedings of 
the 6th International Congress of Pacific Neogene 
Stratigraphy and IGCP355, Kyoto Institute of Natural 
History, 57-72. 
 
Tanean, H., Paterson, D.W. & Endarto, M. 1996. 
Source provenance interpretation of Kutei Basin 
sandstones and the implications for the tectono-
stratigraphic evolution of Kalimantan. Indonesian 
Petroleum Association, Proceedings 25th Annual 
Convention, Jakarta, 25, 333-345. 
 
van Bemmelen, R.W. 1949. The Geology of 
Indonesia. Volumes 1 & 2: Vol. 1a: General Geology 
of Indonesia and Adjacent Archipelagos; Vol.1b: 
Portfolio (maps, charts, indexes and references); 
Vol.2: Economic Geology. Government Printing 
Office, Nijhoff, The Hague. 732pp. 
 
van de Weerd, A. & Armin, R.A. 1992. Origin and 
Evolution of the Tertiary Hydrocarbon Bearing 
Basins in Kalimantan (Borneo), Indonesia. American 
Association of Petroleum Geologists Bulletin, 76, 
1778-1803. 
 
van Leeuwen, T.M. 1981. The Geology of Southwest 
Sulawesi with Special Reference to the Biru Area. In: 
Barber, A. J. & Wiryosujono, S. (eds.), The Geology 
and Tectonics of Eastern Indonesia, Geological 
Research and Development Centre, Bandung, Special 
Publication 2, 277-304. 
 
 
Walpersdorf, A., Rangin, C. & Vigny, C. 1998. GPS 
compared to long-term geologic motion of the north 
arm of Sulawesi. Earth and Planetary Science Letters, 
159, 47-55. 
 
Walpersdorf, A. & Vigny, C. 1998. Monitoring of the 
Palu-Koro Fault (Sulawesi) by GPS, Geophysical 
Research Letters, 25, 2313-2316. 
 
Wilson, M., Ascaria, A., Coffield, D. Q. & Guritno, 
N. 1997. Petroleum systems of South Sulawesi, 
Indonesia. In: Howes, J. V. C. & Noble, R. A. (eds.), 
Proceedings of the Petroleum Systems of SE Asia and 



 513

Australasia International Conference, Indonesian 
Petroleum Association, Jakarta, Indonesia, May 21-
23, 1997. 561-584. 
 
Wilson, M.E.J. & Bosence, D.W.J. 1996. The 
Tertiary Evolution of South Sulawesi: A Record in 
Redeposited Carbonates of the Tonasa Limestone 
Formation. In: Hall, R. & Blundell, D. J. (eds.), 
Tectonic Evolution of Southeast Asia, Geological 
Society of London Special Publication, 106, 365-389. 
 
Wilson,  M.E.J.,  Bosence,  D.W. J.  &  Limbong, A. 
2000.    Tertiary    syntectonic    carbonate    platform  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

development in Indonesia. Sedimentology, 47, 367-
394. 
 
Wilson, M.E.J. & Moss, S.J. 1999. Cenozoic 
palaeogeographic evolution of Sulawesi and Borneo. 
Palaeogeography, Palaeoclimatology, Palaeoecology, 
145, 303-337. 
 
Yuwono, Y.S., Bellon, H., Maury, R.C. & Soeria-
Atmadja, P. 1988. Tertiary and Quaternary 
geodynamic evolution of S Sulawesi: constraints from 
the study of volcanic units. Geologi Indonesia, 13, 32-
48. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



514 

 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1 - Simplified geological map of Sulawesi after Hall and Wilson (2000) showing the location of the 

Lariang and Karama regions. Tectono-stratigraphic subdivisions and names of the different areas of 
Sulawesi used in the text are shown. Sulawesi lies at the eastern margin of ‘Sundaland’. 
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Figure 2 - The new Cenozoic stratigraphy (left) and simplified geological map (right) for the Lariang and 

Karama regions, Western Sulawesi (from Calvert, 2000a). Locations mentioned in the text are 
shown on the map. Biostratigraphic sample locations are shown as blue dots. 
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Figure 3 - TOP: Schematic depositional model for the Toraja Group. The group rests unconformably on Upper 

Cretaceous rocks and is separated into two formations: the thicker marginal marine / terrestrial 
sedimentary rocks of the Kalumpang Formation and the more extensive marine sedimentary rocks of 
the Budungbudung Formation. The Paleogene half graben were inverted during the Plio-Pleistocene. 
BOTTOM: Schematic depositional model for the Pasangkayu Formation. The formation was 
deposited in a foreland basin setting during the Plio-Pleistocene and is unconformable on older 
Cenozoic and Mesozoic rocks. Note the inverted Paleogene half graben controlling sedimentation. 
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Figure 4 - Section A-A’ – Karama River. Balanced and restored using the section balancing software 2DMove 

by Midland Valley Exploration Limited. For location see the map in Figure 2. Brown = Pasangkayu 
Formation; Yellow = Lisu Formation; Green = Toraja Group; Purple = Mesozoic Basement. The 
inverted half graben (faults F1 and F2) on the left is interpreted on seismic line BP-90-01 (Figure 2) 
and has been projected onto the line of section. The restored section shows that a series of half 
graben have been inverted. Inversion, folding, faulting, erosion and sedimentation have all occurred 
together in the Lariang and Karama regions since the Late Pliocene. 


