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ABSTRACT 
 
New seismic and multibeam data from the South 
Banggai-Sula area suggest that many previously 
reported structures may have been misidentified. 
This paper presents a revised tectonic map of the 
region. Based on correlation with geology on land it 
is suggested the area north and west of the North 
Banda Basin is underlain by Paleozoic to Permo-
Triassic Australian-origin basement rocks, overlain 
by Mesozoic–Early Miocene sedimentary rocks. 
Collision in the Early to Middle Miocene preceded 
extension that led to formation of the North Banda 
Basin in the Late Miocene and more recent 
extension that may continue to the present-day. 
 
Strands of the Sorong Fault can be traced from New 
Guinea towards the Sula Islands but there is no 
through-going Sorong Fault Zone traceable to the 
south of the Banggai-Sula block. Instead there is a 
highly extended continental margin north of the 
North Banda Basin which is underlain by Middle 
Miocene–Pliocene (12.5–7.3 Ma) oceanic crust. 
Seismic data suggest there is a narrower area of 
oceanic crust between Mangole and Buru Island, 
interpreted to be of similar age to the North Banda 
Basin. West of the Sula Islands the Matano Fault 
Zone observed on land in East Sulawesi appears to 
terminate in the NW corner of the North Banda 
Basin. Adjacent to the Tolo Trough there is a 
probable large-scale gravitational collapse structure. 
The existence of the Greyhound Straits Fault 
between Taliabu and Banggai Island is doubtful. 
The absence of a major through-going strike-slip 
fault zone along the south Taliabu Shelf indicates 
that the Banggai-Sula block was not transported to 
the west by the Sorong Fault Zone. 
 
REGIONAL OVERVIEW 
 
The Banggai-Sula Archipelago is situated at the 
triple  junction  of  three   converging   plates   in 
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Southeast Asia: the Indian-Australian, the 
Philippine Sea and the Eurasian plates (Figure 1). A 
number of models have been proposed to explain 
the structural history of this region. Audley-Charles 
et al. (1972) linked the Banggai-Sula block with 
Misool Island just 300 km to east. Hamilton (1979) 
and Norvick (1979) suggested that the Banggai-Sula 
tectonic block was sliced from the Bird’s Head 
region in Papua, whereas Pigram et al. (1985) and 
Garrard et al. (1988) suggested that the block had 
traveled 2,500 km from its origin in Central Papua 
New Guinea. These interpretations were based on 
stratigraphic similarities. 
 
The mechanism responsible for a westward 
translation of the block is uncertain (e.g. Visser & 
Hermes, 1962; Hamilton, 1979; Norvick, 1979; 
Silver et al., 1983; Pigram et al., 1985; Ali & Hall, 
1995; Hall, 1996; Hall & Wilson, 2000). The most 
common interpretation suggests left-lateral strike-
slip along the Sorong Fault Zone prior to collision 
with the East Arm of Sulawesi. However, the age of 
collision between Banggai-Sula and the East Arm 
of Sulawesi is still poorly constrained. Estimates 
include Middle Miocene–Pliocene (e.g. Kündig, 
1956; Silver et al., 1983; Sukamto & Simandjuntak, 
1983; Simandjuntak, 1986; Garrard et al., 1988) and 
Late Miocene–Early Pliocene (e.g. Hamilton, 1979; 
Davies, 1990; Hall, 1996; Longley, 1997; 
Kadarusman et al., 2004). 
 
Recently, Hall et al. (2009) and Spakman & Hall 
(2010) suggested that Banggai-Sula was not sliced 
from New Guinea, but was part of the Sula Spur 
that collided with the Sulawesi North Arm in the 
Early Miocene and has been fragmented by 
extension since the Middle Miocene due to 
subduction rollback into the Banda embayment. 
 
The structural relationships between the Banggai-
Sula continental block with the east arm of Sulawesi 
and the nature of their boundaries also remain in 
question, mainly due to the lack of data. Previous 
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studies have observed several major structural 
features in the North Banda Basin south of the 
Banggai-Sula Islands. These have been termed the 
Tampomas Ridge the Hamilton–Lawanopo Fault 
Zone and the West Buru Fault Zone which have 
been interpreted as NW-SE-trending transform 
faults within oceanic crust (Réhault et al. 1991; 
Hinschberger et al., 2000, 2003). The Hamilton 
Fault Zone is often connected to the Lawanopo 
Fault Zone and linked with the Palu-Koro Fault 
Zone. The Tampomas and West Buru Fault Zones 
are interpreted to either dissipate or merge with the 
western end of the Sorong Fault before linking to 
the Matano Fault Zone. 
 
NE-SW structures that mark the trend of rifting of 
the Banda Sea that can also be observed in the 
Banda Ridges. The Tolo Trough is a curvilinear 
feature at the west margin of the basin which is 
associated with offshore thrust fold belts (Silver et 
al., 1983). Anomalously deep bathymetry has been 
attributed to young thrust loading above oceanic 
crust (Réhault et al., 1994). 
 
The relationships between the Banggai-Sula Block 
and the areas to the south and west are still unclear. 
Current knowledge is based on marine geophysical 
surveys (e.g. Silver et al., 1983; Réhault et al. 1991, 
1994; Hinschberger et al., 2000, 2003) which were 
mainly unable to survey the shallower water areas 
close to the islands. Recently acquired seismic and 
multibeam data offer the opportunity to re-examine 
these areas and assess structures previously 
suggested, and improve our understanding of the 
margins of the Banggai-Sula Block and the North 
Banda Basin, both on a local and regional scale. 
 
METHODOLOGY 
 
2D seismic lines (PSTM) acquired by TGS-NOPEC 
in 2007 consist of a total of 29 lines (19 x-lines and 
10 in-lines) covering more than 71,000 km2 with 
total seismic length of approximately 3,600 km. 
18,500 km2 high resolution seabed multibeam data 
(Orange et al., 2009) acquired at the same time were 
also incorporated in the study and provide 
exceptional details of the seafloor topography, 
sedimentary features and active structures. The 
seismic lines were interpreted using IHS Kingdom 
software and the multibeam data were studied using 
ER Mapper and ArcGIS. Data utilized in the study 
are summarized in Figure 2. 
 
In addition, SRTM (Shuttle Radar Topographic 
Mission) imagery with 90 m resolution (SRTM, 
2012) has been combined with digitized geological 

maps published by GRDC (Supandjono & Haryono, 
1993; Surono & Sukarna, 1993) to enhance onshore 
geological interpretation. Remote sensing analysis 
of structure-related lineaments was applied to 
surface data in order to highlight structural trends. 
By employing these datasets, the offshore 
sedimentary succession can be placed in a 
chronostratigraphic context, linking structures 
observed in the subsurface with features identified 
from the seabed multibeam data. 
 
STRATIGRAPHY ON LAND 
 
A wide range of lithologies from Paleozoic to 
Recent age are exposed on the Banggai-Sula 
Islands. A summary of the stratigraphy of the 
microcontinent is presented in Figure 3 based on 
Sato et al. (1978), Pigram et al. (1985), Garrard et 
al. (1988), Supandjono & Haryono (1993), Surono 
& Sukarna (1993) and Ferdian et al. (2010). The 
oldest rocks forming basement exposed in the area 
are Carboniferous low grade metamorphic rocks 
intruded by Permo-Triassic granitoids associated 
with contemporaneous volcanics. 
 
This basement complex is overlain unconformably 
by a series of terrestrial, shallow and deep marine 
sedimentary rocks that range in age from Mesozoic 
to present day. Terrestrial conglomerates and 
sandstones, typically quartz-rich, of the probable 
Lower Jurassic Bobong Formation are exposed in 
fault-bounded areas on Taliabu, Peleng and 
Banggai, and are probably equivalent to similar 
rocks intercalated with minor coals on Mangole and 
Sanana assigned to the poorly dated Kabauw 
Formation. Black shales of the mainly Middle 
Jurassic, to possibly Lower Cretaceous, Buya 
Formation are interpreted to overlie the Bobong 
Formation unconformably. The Buya Formation is 
overlain by deeper water carbonate mudstones with 
planktonic foraminifera which belong to the poorly 
dated Upper Cretaceous to ?Paleocene Tanamu 
Formation. Cenozoic carbonates at the western end 
of the Banggai-Sula islands are commonly assigned 
to the Eocene to Lower Miocene Salodik Formation 
and the Pliocene Peleng Formation which cover 
most of Banggai and Peleng Islands. In the Sula 
islands (Taliabu, Mangole and Sanana) Cenozoic 
carbonates are almost entirely absent. 
 
SEISMIC STRATIGRAPHY AND TECTONO-
STRATIGRAPHIC UNITS 
 
The study area is divided into four sub-areas based 
on surface structural trends (Figure 4), and from 
west to east these are the Tomori Area, Tolo Area, 



Taliabu Area and Mangole-Sanana Area (Areas 1 – 
4 respectively). Water depths are up to 4.5 km. 
The tectonostratigraphic units used in this study are 
shown in Figure 5. The units have been grouped in 
terms of age as: Paleozoic Basement (Unit A), Pre-
Cenozoic (Units B 1-3), Cenozoic (Units C 1-4) and 
Oceanic Crust (Unit D) to highlight major tectonic 
changes (illustrated by Figures 6 to 9) for each 
segment. The Tomori Area (Area 1 – Figure 4) has 
the most complete stratigraphy (Figure 6) compared 
to other parts of the study area. It recorded most of 
the tectonic events experienced by the Banggai-Sula 
Block and therefore is used as a reference for other 
areas. 
 
Paleozoic Basement (Unit A) 
 
The longest E–W oriented seismic line of BS07-11 
(Figure 6) shows a basement (Unit A) with low 
amplitude and chaotic discontinuous reflectors. 
Lithologies at the surface suggest that it consists of 
metamorphic rocks including slates, schists and 
gneisses of Upper Paleozoic age (Garrard et al., 
1988). Sukamto (1975) suggested the age of the 
metamorphic basement to be Carboniferous (305 ± 
6 Ma) based on dating of schists from Peleng 
Island. Permo-Triassic granitoids (Pigram & 
Panggabean, 1984) are intruded into the basement 
complex and are associated with co-magmatic 
volcanic rocks (Sukamto, 1975). Fragments and 
grains from the basement rocks are reported to be 
redeposited within the younger sediments in 
Banggai, Taliabu and Peleng Islands (Garrard et al., 
1988). 
 
Pre-Cenozoic Units (Units B1-3) 
 
Pre-Cenozoic units mainly consist of a syn-
extension unit (Unit B1) and post-extension units 
(Units B2 and B3). Unit B1 demonstrates extensional 
structures and is interpreted to correspond to the 
Bobong and Kabauw Formations at the surface. It is 
characterized by discontinuous high and low 
amplitude reflectors. Generally this unit shows a 
wedge-shaped geometry thickening towards faults, 
onlapping the basement (Unit A) and it seems to be 
more prevalent in the west than the east where Unit 
B2 is dominant. Unit B2 is characterized by parallel 
and laterally continuous bright reflectors interpreted 
to be a well bedded sequence of sediments implying 
a more stable environment during deposition. 
 
On land, the equivalent of unit B1 is suggested to be 
continental canalized red beds and coarse 
sedimentary rocks of the Bobong Formation 
(sandstone and conglomerate) derived from 

underlying basement and overlain by shallow 
marine sediments including more quartz-rich 
sandstones, shales and limestones (Unit B2; Buya 
Formation). Garrard et al. (1988) suggested major 
transgressive cycles were associated with graben 
development and subsidence. 
 
Unit B3 was deposited unconformably on top of 
Unit B2 and in some areas is bounded by an 
erosional surface at the top of the unit. It was 
deposited throughout the area and reaches its 
maximum thickness in the east of the area adjacent 
to the southern margin of the Banggai-Sula Islands. 
In its seismic character, it resembles Unit B2, which 
is dominated by bright parallel reflectors 
representing limestones and shallow marine 
sediments, although Unit B3 appears to be better 
bedded and laterally more continuous. This suggests 
a deeper water environment and unit B3 is 
correlated with the Upper Cretaceous–?Paleocene 
Tanamu Formation which has been interpreted to 
represent a major transgressive period following 
break-up from Australia (Garrard et al. 1988). 
 
Cenozoic Units (Units C1-4) 
 
These units consist of inversion-related sediments 
and later extension-related deposits fed by an 
uplifted source area. Uplift is interpreted to be 
related to a major collisional event. Units C1-4 rest 
unconformably on top of older units, and are 
interpreted to be predominantly shallow marine 
deposits. Prograding sediments from Unit C1 overlie 
the older units in the westernmost part of the area. 
They are characterized by prograding monocline 
reflectors downlapping towards the east (Figure 6a). 
Unit C1 is thicker in the west and thinner in the east. 
Channel features are common within the unit 
especially towards the east. 
 
A package of parallel sub-continuous reflectors 
(Unit C2) was deposited unconformably above Unit 
C1 in the westernmost part of the study area. It is 
interpreted to have been deposited during a 
relatively quiet period. The geometry suggests 
shallowly dipping ramps with strong-parallel 
reflectors passing laterally into more discontinuous 
reflectors. 
 
On land, Units C1 and C2 are correlated with part of 
the Salodik Formation of (possibly Late Oligocene) 
Early Miocene–Middle Miocene age (Garrard et al., 
1988). The formation is characterized by extensive 
platform carbonates with minor marls and local 
reefs underlain by basal siliciclastic rocks. Garrard 
et al. (1988) suggested that the Salodik Formation 



interfingered with the Pancoran Formation of 
Early–Middle Miocene age which is lithologically 
similar. The top of Unit C2 is truncated by a 
younger prograding sequence (Unit C3) marked by 
parallel sub-continuous reflectors which are brighter 
towards the deeper part in the east and also thin out 
in the same direction. This may be a redeposited 
carbonate facies laterally equivalent to shallow 
water carbonates. 
 
On top of Unit C3 a younger prograding package 
was deposited (Unit C4) with a downlap surface at 
the base. In the deeper part of the basin, the younger 
units are disrupted by intense faulting and 
fracturing, deep incision and channel-like features. 
Based on the seismic interpretation, overall 
sediment transport direction was from the west to a 
deeper basin in the east with thinning in the same 
direction. Units C3 and C4 are suggested to record an 
active tectonism during the Pliocene. 
 
No Pliocene sediments are known in the nearby 
onshore area, but they are common elsewhere in 
South, North, Central and East Sulawesi where they 
are assigned to the Celebes Molasse which has 
different formation names. The Peleng and Luwuk 
Formations are the probable land equivalents of 
Units C3 and C4. They include conglomerates 
(Garrard et al., 1988) which contain coral 
fragments, molluscs, algae and foraminifera. 
Locally, there are ophiolite-rich conglomerates and 
sandstones deposited in an alluvial fan setting, and 
some high energy deposits related to active fault 
scarps. Swamps, rivers and beaches are typical 
depositional environments. 
 
Oceanic Crust (Unit D) 
 
Unit D shows a rather different character from all 
other units. It appears only in the deepest parts or 
the study area (Figures 7 and 9). It resembles the 
basement in showing broken discontinuous 
reflectors, but commonly displays prominent 
mounded geometries. There is a very strong 
reflector at the top with very weak reflectors 
beneath. It is typically covered by a relatively thin 
layer of sediment with transparent reflectors. Some 
strong and parallel reflectors can be observed. Unit 
D is interpreted to be oceanic crust created during 
the extensional period in the Late Miocene (12–7 
Ma) as suggested by Hinschberger et al. (2005) 
based on identification of magnetic anomalies and 
age of dredged samples. It is separated from the 
continental section by large extensional faults 
(Figure 9). 

PRESENT-DAY STRUCTURAL FEATURES 
AND TECTONICS 
 
Different styles of deformation can be interpreted 
from the seismic lines and multibeam bathymetry. 
Important structural features are shown in Figures 6 
to 9 and the summary map is shown in Figure 11. In 
the western Tolo area (Area 2 – see Figure 7), there 
is a large gravitational collapse structure. There are 
two detachment levels observed from the seismic 
section, (i) within the Basement (Unit A) and (ii) 
between Units A (Basement) and B (Pre-Cenozoic). 
A series of large normal faults are common in the 
shallower area and cut deep into the basement while 
smaller faults are concentrated in the deeper part 
and restricted to the shallower detachment. Several 
landward-dipping thrust planes mark the end of the 
system by placing the transported units on top of 
oceanic crust (Unit D). Contemporaneous sediment 
deposited during the deformation is preserved 
locally behind the toe thrust (Figure 7c). 
 
A very large area has been deformed 
simultaneously with gravity slides above a low 
angle fault plane which carried material as far as 
100 km into the basin (Figures 7 and 11). 
Extensional faulting onshore in SE Sulawesi may be 
the trailing edge of the system with a leading edge 
represented by toe thrusting at the Tolo Trough. 
NE-SW lineaments in the North Banda Basin 
suggest that the whole Banggai-Sula Block has 
undergone extension since 12 Ma when the basin 
started to form, so some sliding may have been 
initiated then. The structure may also reflect a large-
scale gravitational response to young uplift of 
Sulawesi with collapse of the continental margin 
towards the continent-ocean boundary. Another 
contribution could be due to large low angle 
extensional faults, which in Central (Spencer, 2010) 
and North Sulawesi (van Leeuwen et al., 2007) have 
detached to form metamorphic core complexes with 
uplift and unroofing of the lower plate (e.g. Arca et 
al., 2010). The Tolo Trough is exceptionally deep 
and is shown by some authors as a subduction 
trench, although it lacks seismicity that would be 
associated with a subducted slab. 
 
Between the Tomori and Tolo areas, the strong 
surface expression of the Matano Fault Zone 
terminates in a number of splays (Areas 1 and 2; see 
Figure 6e) This fault zone is currently active based 
on the earthquake activity and scarps on the 
seafloor. The fault does not continue to the deeper 
area and is apparently covered or terminates by the 
large gravity collapse structures (Figure 11). There 
are no indications that this fault can be traced 



further to the east as suggested by previous maps 
(e.g. Hamilton, 1979; Silver et al., 1983; Garrard et 
al., 1988) for the area. 
 
To the east, on the western shelf of the Taliabu Area 
(Area 3 – see Figure 8), there are several dextral 
strike-slip faults trending NW-SE with observable 
fault scarps. These faults (Figure 11) are located 
roughly 10 km to the west of Greyhound Straits 
Fault drawn by Silver et al. (1983). There is no 
supporting evidence for this fault either in the 
seismic lines or on the multibeam bathymetry. 
However, the dextral strike-slip faults that are 
located west of this supposed fault do trend broadly 
towards NW, as shown by Silver et al. (1983) for 
the Greyhound Straits Fault. They are characterized 
by two steep bounding faults dipping towards each 
other separated by a depression with thin sediments. 
The NW-SE trend of these faults is also parallel to 
faults on the islands adjacent to the faults which 
have strong and linear –NW-SE trending coastlines. 
At their NW end (Figure 11) the faults appear to be 
traceable into dextral splays mapped by Ferdian et 
al. (2010) from Poh Head. At their SE ends the 
faults splay and terminate at the shelf edge, 
following the dominant trends of E-W trending 
normal faults which are common in this part of the 
margin at the continental-ocean transition. 
 
The most eastern part of the block (South Mangole 
Shelf, Area 4 – see Figure 9) is occupied by a left-
lateral strike-slip fault zone known as the Sorong 
Fault Zone which is seismically active. Steep linear 
scarps shown by present day bathymetry (Figures 9 
and 11) also indicate the activity of the fault zone 
and segmented arrays of en-echelon faults 
characterize the fault zone in the PDZ (Principal 
Deformation Zone). Typical flower structures can 
also be observed in the seismic section                 
(see Figure 9). The fault zone terminates at the 
eastern side of Sanana Island where the leading 
strands curve form almost E–W to ENE-WSW and 
dissipate. This fault zone does not continue to the 
other side of Sanana Island. 
 
CONTINENT-OCEAN TRANSITION VERSUS 
SORONG FAULT ZONE 
 
West of Sanana Island on the south side of the 
Banggai-Sula Block is a series of normal faults 
(South Sula Fault Zone) that separate the North 
Banda Basin from the Banggai-Sula Block. These 
faults have previously been interpreted as a 
westwards continuation of the Sorong Fault Zone 
(SFZ). These normal faults have similar trends, an 
extension direction towards the south and are 

commonly listric faults which dip at relatively low 
angles. Both west and east of Sanana Island they 
separate continental and oceanic crust            
(Figures 8 to 10). Hanging walls are less rotated and 
sediment cover on top of the basement is relatively 
thin except in areas close to the source. Poor 
resolution of the fault planes suggest unconsolidated 
deformed zones which are too thin to resolve with 
the seismic data. The thin cover indicates little 
downslope movement of sediment from the 
Banggai-Sula Islands with little subsequent deep 
water sedimentation. These arrays of extensional 
faults reach the oceanic crust. This is a typical COT 
(Continental Oceanic Transition) formed at a highly 
extended continental margin by conjugate 
lithospheric shears as suggested by Sayers et al., 
(2001). Although the main boundary between 
different types of crust is faulted, part of volcanic 
material appears to have been emplaced on top of 
the Mesozoic and older continental crust, which 
makes the boundary gradational. We conclude that 
the boundary between oceanic crust in the North 
Banda Basin and the Banggai-Sula Block is about 
25 km wide zone which includes continental 
material, young volcanic material, faulted basement 
rocks and sediments. 
 
Opening of the North Banda Basin commenced in 
the Middle Miocene (Hinschberger et al., 2005) and 
this resulted in a period of extension in the area. 
The evidence of this event can be clearly seen on 
the western margin (Tolo and Tomori Areas) where 
younger syn-extension sediments were deposited. 
Fracture pattern suggests NW-SE transform 
direction with the spreading ridge trending NE-SW. 
The COT was formed as a result of this process. Sea 
floor spreading in the North Banda Basin continued 
until 7.3 Ma before it jumped to the SE Banda 
Basin at 6.5 Ma (Hinschberger et al., 2005). A 
narrow strip of oceanic crust between Buru and 
Mangole Islands (Figure 11) is interpreted to be of 
the equivalent age to the spreading in the North 
Banda Basin to the east of Sanana Island. 
 
On the east side of Sanana Island, to the south of 
Mangole Island the SFZ is very clear and marked 
by strong linear features on the seabed. Although 
the PDZ of this fault zone has a very strong 
topographic expression (Figures 9c, 9d, 9e), it 
seems to diminish in displacement towards the west 
and splays out in a NW direction into the interior of 
Mangole Island. In contrast, on the west side of 
Sanana Island there is no evidence of the SFZ to the 
south of Mangole Island and the fault zone has not 
been covered by thick sediments. This suggests that 
the SFZ is not connected to the fault system at the 



COT or further west to the Matano Fault Zone. 
Therefore, the westward translation of the Banggai-
Sula Block along the SFZ is unlikely. 
 
 
PETROLEUM PROSPECTIVITY 
 
Active gas seeps occur along the south Mangole 
Shelf and there are reports of a number of oil seeps 
(Garrard et al., 1988). It is believed that the oil 
comes from sediments similar to those of the oil-
bearing interval in the East Arm of Sulawesi. It is 
possible that there is a Mesozoic petroleum system 
which is deeply buried (> 2 seconds TWT of 
sediment; see thickness map Figure 10c and 10d) 
Lower Jurassic coals and siliciclastic sedimentary 
rocks (Bobong Formation) could provide both 
source and reservoir rocks. The thick Middle-Upper 
Jurassic (Buya Formation) marine shales could be 
either a source or a seal for a Mesozoic petroleum 
system as it is of a reasonable thickness onshore (up 
to 2000 m; Garrard et al., 1988) and offshore (up to 
1 second TWT). Extensive deep water carbonate 
deposits of the Upper Cretaceous to ?Paleocene 
Tanamu Formation may also have a sealing 
capacity. The largely undeformed (Eocene to Early 
Miocene) Salodik Formation could also be an 
important reservoir. 
 
Understanding structural age relationships is critical 
for petroleum play risk assessment. New data 
discussed here show that there was an uplift event 
before the deposition of the Eocene to Early 
Miocene Salodik Formation. This suggests that 
hydrocarbons may have already been mature and 
had migrated prior to the Early Miocene collision 
between Banggai-Sula Block and East Sulawesi. 
However, most of the larger structures, which could 
be suitable hydrocarbon traps, formed during the 
younger tectonic events, after the Middle Miocene 
opening of the North Banda Sea. 
 
CONCLUSIONS 
 
A new structural map (Figure 11) has been created 
for the Banggai Sula area, based on integrated 2D 
seismic, multibeam bathymetry and SRTM data 
interpretation. Several significant conclusions that 
result from this study are listed below: 
 
 
 
 
 
 

 The South Sula Fault is not a continuation of 
the Sorong Fault Zone. There is no evidence 
that the Sorong Fault Zone continues into the 
Banggai Sula area. 
 

 The Matano Fault Zone appears to terminate in 
the NW corner of the North Banda Basin. 

 
 There is probably a large-scale gravitational 

collapse structure next to the Tolo Trough. 
 

 The existence of the Greyhound Straits Fault 
between Taliabu and Banggai Island is 
questioned. 

 
 The Banggai-Sula Block is unlikely to have 

been transported to the west by the Sorong 
Fault Zone within the last 12.5 Ma as 
previously suggested. 

 
 Resumption of extension due to the opening of 

the North Banda Sea suggests that collision 
between the Banggai-Sula Block and East 
Sulawesi occurred earlier than previously 
thought, probably in the Early to Middle 
Miocene. 

 
 The Banggai-Sula Block is an attractive 

petroleum prospect with moderate reservoir and 
trapping qualities. However, the timing of the 
hydrocarbon migration is uncertain and this 
increases the risk. 
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Figure 1 – Tectonic elements of the Banggai-Sula Archipelago and surrounding region summarized from 

previous studies including Hamilton (1979), Hinschberger et al. (2000, 2003, & 2005), Hall 
(2002) and Ferdian et al. (2010). The Banggai-Sula islands are a microcontinental fragment north 
of Middle-Late Miocene oceanic crust of the North Banda Basin. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 

 
 
Figure 2 –  An overview of the dataset. Seismic lines shown in red were used in this study and include 19 x-

lines and 10 in-lines. Blue lines are those of the study by Ferdian et al. (2010). The coverage of 
high resolution multibeam data offshore is also shown. The four areas discussed in the text (1 – 
Tomori Area; 2 – Tolo Area; 3 – South Taliabu Shelf; 4 – South Mangole Shelf) are also shown. 
Land DEM is based on SRTM data (SRTM, 2012). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3 –  Stratigraphic comparisons between the Banggai-Sula Block and adjacent regions to which it has 

been linked tectonically. Note that the Pre-Cenozoic stratigraphy is similar in all areas. 
Compiled from Sukamto & Simandjuntak (1983), Pigram & Panggabean (1984), Pigram et al. 
(1985), and Garrard et al. (1988). 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4 – Analyses of the structural lineaments in the Banggai-Sula Block and the surrounding areas using 

SRTM images on land and multibeam bathymetry offshore. Note different trends for each of the 
structural domains. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5 – Summary of the tectonostratigraphic units of the Banggai-Sula Block (modified after Garrard et 

al., 1988) and its interpreted equivalents offshore in areas 1 to 4 (1 – Tomori Area; 2 – Tolo 
Area; 3 – South Taliabu Shelf; 4 – South Mangole Shelf) based on this study. The units 
discussed in the text are: Basement (Unit A), Pre-Cenozoic (Units B1-3), Cenozoic (Units C1-4) 
and Oceanic Crust (Unit D). 

 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6 –  Seismic interpretation of section BS07-11 E-W across the Tomori Area (Area 1 – see Figure 4). 

There is mild inversion of the pre-Cenozoic section which may be of Late Cretaceous age. There 
are thrust faults verging to the east at the west end of the seismic lines which are suggested to be 
gravity-driven structures. Detailed insets show pinnacle reefs, channel, and prograding 
sediments (6a, 6b, 6c). Carbonate reefs can be seen both in the seismic and the multibeam data 
(6d). Fault escarpments caused by the gravitational collapse of material southwards towards the 
continent-ocean boundary can be seen in 6e. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7 –  Seismic interpretation of section BS07-19 in the Tolo Area (Area 2 – see Figure 4) showing the 

units defined in the area. A major extensional detachment is interpreted within the Basement 
(Unit A) which links to the frontal Tolo Thrust. Multibeam data show development of fault 
linkage in an extensional system and development of polygonal faulting (Figure 7d) as the 
sediments deformed and moved (Figures 7a and 7b) into the basin. Toe thrust marks the 
deformation front (Figure 7c). 

 



 
 
Figure 8 –  Interpretation of the seismic section BS07-54 showing the stratigraphy of the South Taliabu 

Shelf (Area 3 – see Figure 4). Pre-Cenozoic (within Unit B) extension is interpreted from the 
section. There is a very thin cover of Cenozoic (Unit C) sediments. Insets show selected 
examples of observations in the Taliabu Shelf area: 8a – oceanic crust beneath deep marine 
sediments. 8b – Volcanics emplaced on top of Pre-Cenozoic units. 8c – Gravitational collapse 
structures close to continent-ocean boundary. 8d – Two strands of strike-slip fault trending NW-
SE within Taliabu Shelf (see Figure 11). 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 9 –  Seismic interpretation of line BS07-74 showing the tectonostratigraphic units in the South 

Mangole Shelf (Area 4 – see Figure 4). There is a highly extended continental margin in 
contact with oceanic crust. Note the faulted contact between oceanic and continental crust (9a). 
Similar margins are found south of east Mangole and north of Buru indicating that these islands 
were adjacent to each other before North Banda Sea spreading (9a, 9b). Multibeam images and 
seismic section of the Principal Deformation Zone (PDZ) of the Sorong Fault Zone (9c, 9d, 9e) 
showing en echelon arrays and flower structures. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 10 –  TWT structure map for the Unit A Basement (10a) and Miocene volcanic basement produced 

by ocean floor spreading (10b). Isochron map (10c) of Pre-Cenozoic sediments demonstrates 
sediment accumulation at the margins of the Banggai-Sula Islands. The isochron map (10d) of 
Cenozoic sedimentary units implies sediment distribution was controlled by faults. 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 11 – Present day tectonic map of the Banggai-Sula Block and North Banda Basin that shows the 

main structural elements identified in this study and structures identified in the North Banggai-
Sula area by Ferdian et al. (2010). Note that the Sorong Fault Zone is not linked to the Matano 
Fault on Sulawesi. The previously interpreted Greyhound Straits Fault (Silver et al., 1983) 
between Taliabu and Banggai Island is questioned. However, faults with a similar orientation 
in this area can be traced into Poh Head. GPS data are from Socquet et al. (2006). 

 
 
 


