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ABSTRACT 
 
The Seram Trough is situated in a complex region 
where convergence between the Eurasian, Indo-
Australian and Pacific plates has been active since at 
least the Oligocene. It has been interpreted as a 
subduction trench, a zone of intra-plate deformation, 
and of strike-slip faulting. Many studies in the Banda 
Arc, especially the Seram Trough, have discussed its 
geological evolution, but its nature remains 
enigmatic. High resolution multibeam bathymetry 
and seismic data offer an opportunity to assess 
different hypotheses related to the character and 
significance of the Seram Trough. North of Seram, at 
the western end of the trough, the Buru Basin is 
dominated by E-W trending extensional faults. 
Further east, offshore of north Seram, the trough 
trends E-W, then bends through 90° and structures 
change from E-W to N-S trending thrust faults and 
folds associated with strike-slip faults. The Seram 
Trough lacks most features of a subduction trench 
and is interpreted as a deformation front of a fold 
thrust belt resulting from oblique young convergence 
between the Outer Banda Arc and Bird’s Head of 
New Guinea. The Buru Basin is structurally distinct 
from the Seram Trough. Contraction in the Late 
Miocene formed the Misool-Onin-Kumawa Ridge 
(MOKR), followed by formation of an Early 
Pliocene unconformity. The development of the 
Seram fold thrust belt began in the Late Pliocene. 
The fold thrust belt zone is narrower in the west and 
widens to the southeast. Thrusting in Seram 
increased crustal loading and caused subsidence and 
tilting to the north and east of the trough. Thrusting 
at the trough started in the Late Pleistocene. Younger 
deformation includes strike-slip faulting. To the 
north of west Seram, left-lateral strike-slip faults 
indicate that the trough is beginning to develop into 
the Buru Basin. 
 
INTRODUCTION 
 
The Seram Trough is located between Seram Island 
and the Bird’s Head of New Guinea, in a structurally 
complex area (Figure 1) where convergence between 

the Eurasian, Indo-Australian and Pacific plates has 
been active since at least the Late Oligocene 
(Hamilton, 1979; Katili, 1975, 1991; Hall, 2002, 
2012; Hinschberger et al., 2005; Watkinson et al., 
2012). The interaction among those plates has 
controlled the present-day geological structures in 
the area. Many studies have been undertaken in the 
eastern part of Indonesia, especially the Banda Arc, 
focusing on the geological evolution of the region, 
but it remains problematical. The inner volcanic arc 
has been active since the Late Miocene (Abbot and 
Chamalaun, 1981; Honthaas et al., 1998). Seram is 
the largest of the outer arc islands of the northern 
Banda Arc.  
 
Controversy continues to surround the origin of the 
Seram Trough. The trough is north of the outer arc of 
the Banda Arc and was interpreted by Hamilton 
(1979) to mark the northern edge of an accretionary 
wedge at a subduction zone beneath Seram. Many 
authors have interpreted it as a subduction trench 
between different plates or microplates (e.g. Katili, 
1975, 1989; Hamilton, 1979; Bowin et al., 1980; 
O’Sullivan et al., 1985; Charlton, 2000; Kemp and 
Mogg, 1992; Honthaas et al., 1998; Hinschberger et 
al., 2005; Sapin et al., 2009) whereas others have 
suggested it is a foredeep lying on Australian 
continental crust at the front of a fold and thrust belt 
(e.g. Audley-Charles et al., 1979; Audley-Charles, 
1986; Pairault et al., 2003). A detailed study by 
Pairault et al. (2003) concluded that the Seram 
Trough is a foredeep produced by loading of the 
developing fold thrust belt with an associated 
peripheral bulge to the north. Spakman and Hall 
(2010) agreed that the trough is a topographic 
expression of down-flexed and thrust-loaded 
Australian margin, rather than a subduction trench, 
but proposed that the trough is also the limit of 
delamination of the crustal part of the continental 
margin that permitted continued subduction of the 
deeper continental lithosphere without a subduction 
fault reaching the surface. Pownall et al. (2013) 
suggested the topographic low was due to 
extensional exhumation, and thrusting resulting from 
subducting slab-mantle interaction during rollback. 



 

It has also been suggested that the Seram Trough 
might be a zone of strike-slip faulting, resulting from 
counter-clockwise rotation due to E-W strike-slip 
dominated movement of the Sorong Fault Zone in the 
north and the Tarera-Aiduna Fault Zone in the south 
(Linthout et al., 1991; Linthout et al., 1997; Silver et 
al., 1985). Teas et al. (2009) mapped strike-slip faults 
cutting through the fold and thrust zone next to the 
Seram Trough. Sapiie et al. (2012) argued that 
deformation in the Seram Fold Thrust Belt, including 
the Seram Trough, could be the result of oblique 
convergent strike-slip tectonics. 
 
There are two different explanations concerning 
formation of the Banda Arc. Some authors have 
argued that there are two separate slabs dipping in 
opposite directions that formed the U-shaped 
geometry of the subducted slab (e.g. Cardwell and 
Isacks, 1978; Bowin et al., 1980; McCaffrey, 1989; 
Bock et al., 2003; Hinschberger et al., 2005) while 
others interpret the geometry as a single slab which 
curves around the arc (e.g. Katili, 1975; Hamilton, 
1979; Milsom, 2001; Spakman and Hall, 2010). A 
subduction rollback mechanism has been proposed 
by several authors (e.g. Hamilton, 1979; Milsom, 
2001; Hall, 2002, 2012). Most recently the curved 
geometry of the Banda Arc has been interpreted as 
the result of eastward subduction rollback of the 
Proto-Banda Sea Plate into a pre-existing U-shaped 
embayment in the Australian continental margin 
(Spakman and Hall, 2010; Pownall et al., 2013).  
 
It is still poorly understood how the Seram Trough 
formed. The nature of the trough remains unclear and 
debatable, and although some studies have been done 
in this area, none of the proposed models have 
provided a comprehensive solution for the 
development of the Seram Trough. High resolution 
multibeam bathymetry and 2D seismic lines (Figure 
2) offer an opportunity to assess different 
hypotheses. The primary objectives of this project 
were to interpret the character and significance of 
structures around the Seram Trough, integrate 
surface and subsurface structures, and link offshore 
and onshore structures which may aid in 
understanding the structural and geological evolution 
of the Seram Trough. 
 
METHODOLOGY 
 
The study area is more than 700 km in length and 350 
km in width. The multibeam bathymetry and 2D 
seismic lines used are shown in Figure 2. Significant 
variations of topography reflect differences of 
structural style within the area. The study area can be 
divided into 2 large regions: (1) the Buru Basin and 

(2) the Offshore Seram region. The Offshore Seram 
region is further subdivided into 4 subareas: Area A 
(Western Seram Trough), Area B (Central Seram 
Trough), Area C (Eastern Seram Trough) and Area 
D (Kai Arch). 
 
Seismic interpretation was focused on the 
identification of important structural elements, using 
a simplified stratigraphy, especially near the trough. 
Detailed multibeam sea floor bathymetry was used to 
map present day offshore structures and pick out 
major lineaments. It was also used to analyse 
sedimentary features related to the present tectonic 
environment. Observations from seismic lines were 
combined with the interpretation of multibeam 
bathymetry data to assess lateral continuity and sub-
surface character of the present-day active structures. 
The results of the interpretation were used to model 
the structural evolution of the Seram Trough.  
 
SEISMIC STRATIGRAPHY 
 
The stratigraphy of the Offshore Seram region is 
based on the Daram South-1 and Onin South-1 wells 
and additional information on the stratigraphy of the 
younger upper section is based on Pairault et al. 
(2003), largely following Fraser et al. (1993). Five 
stratigraphic units were defined for this area (Figure 
3A). The Paleozoic–Triassic sequence consists of the 
Bogal Limestone, Keskain Formation and older 
formations. In the upper part, it shows continuous 
and low amplitude reflectors. In the deeper section, 
this unit is represented by discontinuous and chaotic 
reflectors resulting from metamorphic rocks of the 
Ligu Formation. Jurassic–Miocene sequences are 
characterized by parallel to sub-parallel reflectors. 
These have a range of amplitudes as they consist of 
different lithologies from several formations 
(Inanwatan Polysequence to New Guinea 
Limestone). The Top Early Oligocene (29 Ma) was 
picked for area C to determine the detachment level 
of thrust faults. This (equivalent to top Lower New 
Guinea Limestone) is based on the Onin South-1 well 
and is above a sequence characterized by continuous 
and parallel reflectors with high amplitude. 
 
The older units are truncated by a major 
unconformity named the Early Pliocene 
unconformity. Pairault et al. (2003) proposed that the 
age of this unconformity is approximately 4 Ma 
based on well information. The unconformity is 
represented by a strong and continuous reflector and 
in some places, it appears to be a former land surface 
resulting from karstic dissolution of the New Guinea 
Limestone. Subsidence following emergence 
initiated deposition of a Transgressive Sequence 



 

(TS). TS shows an onlap relationship with the Early 
Pliocene Unconformity. In the slope towards the 
trough the reflectors are disturbed and this is 
interpreted to be caused by gravity-driven mass 
transport. There is no information from wells of ages 
of units above the Early Pliocene unconformity so 
only relative ages can be assigned. The age of TS is 
inferred to be Late Pliocene. In Area D, TS cannot be 
identified.  
 
TS is characterized by weak reflectors above the 
Early Pliocene unconformity and is overlain by 
Progradational Sequence 1 (PS1). PS1 covers almost 
the whole area of the MOKR and is considered to be 
Early Pleistocene. It shows parallel and horizontal 
reflectors. Close to the slope towards the trough, PS1 
is represented by oblique and southwards prograding 
reflectors and in some parts of Area A is associated 
with strong reflectors interpreted as a carbonate 
facies. PS1 is overlain by Progradational Sequence 2 
(PS2). PS2 is assigned an age of Late Pleistocene and 
is represented by a series of southwards prograding 
reflectors and low amplitude reflectors. In the trough, 
the reflectors are sub-horizontal and low amplitude. 
In the southern slope and the trough, PS2 is also 
represented by growth strata.  
 
 
The Buru Basin has a different stratigraphy (Figure 
3B). A sedimentary sequence interpreted to be 
contemporaneous with an extensional phase in the 
NW Banda Sea was deposited on the top of the 
basement. Hinschberger et al. (2003) suggested that 
opening of the NW Banda Sea occurred between 
12.5 and 7.3 Ma based on magnetic anomaly 
interpretation and dredged rocks from the seafloor. 
The sediments are therefore considered to be Late 
Miocene to Recent. 

 
In the south part of the Buru Basin, exposures of 
metamorphic rocks of the Tehoru and Taunusa 
Formations on land in West Seram and morphology 
of the seabed offshore suggests that the metamorphic 
rocks can be traced into the offshore area. The 
basement is therefore considered to consist of 
sedimentary and metamorphic rocks and is 
dominantly characterized by chaotic and 
discontinuous reflectors. It has high amplitudes in the 
upper part and low amplitudes in the lower part. In 
the southern shallow area, close to the Seram coast, 
remnants of sedimentary features (possibly from the 
Kenikeh Formation) show parallel and continuous 
reflectors in the footwall of an extensional fault. In 
the central parts of the basin, the basement is 
interpreted to be oceanic crust because of its depth 

and strong reflectivity at the top interpreted as 
indicating basaltic lava. North of the central oceanic 
crust are a series of E-W subparallel normal faults 
downthrown southwards towards the basin axis. 
Several of the faults bound small basins in which 
sediments thicken towards the faults. On seismic, 
these sediments have subparallel to parallel and 
continuous reflectors with generally weak amplitude. 
The characteristics of this unit indicate deep marine 
sedimentation dominated by fine grained lithologies. 
 
MORPHOLOGY AND STRUCTURAL 
OBSERVATIONS 
 
Buru Basin 

 
The basin is characterized by dominant E-W trending 
lineaments. The depth of the central part of the basin 
ranges from 3000 to 5300 m. In the central area, there 
are two ridges which are interpreted as volcanic 
mounds related to an oceanic spreading system 
(Figure 4A). The depth and geometry are typical of 
oceanic crust. In the upper part of the seismic, some 
strong reflectors are interpreted as basaltic lava. In 
the north-western part of the basin, the morphology 
is characterized by a series of E-W-trending, steeply 
dipping fault scarps facing south (Figure 4B) filled 
by sediments in between the faults. Further to the 
west end of the basin the scarps are deflected into a 
N-S trend close to Sulabesi Island. The scarps are 
interpreted as normal fault planes associated with 
oceanic spreading. In the southern part of the basin, 
normal fault scarps are also observed. However, 
unlike those in the north-western area, the normal 
faults have no syn-extension sediment fill (Figure 
4D). In the southeast part of the basin, two prominent 
lineaments are interpreted as sinistral strike-slip 
faults. The relative movement indicated by 
interpreted pop-up structures (Figure 4C). 

 
Two distinct faulting events can be observed on the 
seismic lines and the multibeam bathymetry. The 
first is a set of normal faults (Figure 4D). These faults 
have an E-W trend and are terminated by N-S-
trending faults in the west. The normal fault 
displacement can exceed 500 m and the associated 
depressions are filled by growth strata. In the middle 
of the basin, there is a volcanic mound which may 
have been a spreading centre of oceanic crust. The 
second faulting event is recognised by a set of 
probably younger E-W trending sinistral strike-slip 
faults, identified from multibeam bathymetry. No 
significant displacement can be seen, but the sense of 
movement is indicated by antiform structures 
developed around the faults.  



 

Area A – Western Seram Trough 
 
Bathymetrically, the northern part of Area A is 
characterized by an undulating morphology 
interpreted as a subsided carbonate platform (Figure 
5A) with a number of pinnacle features observed in 
the northern part which now sits at 450 m water 
depth. Close to the trough, the platform is at 1400 m, 
indicating rapid subsidence which eventually 
terminated carbonate deposition. The carbonate unit 
appears to rest unconformably on the Early Pliocene 
unconformity which truncates older strata and was 
associated with the formation of the Misool-Onin-
Kumawa Ridge (MOKR). 
 
To the west of the carbonate area, the morphology is 
dominated by NW-SE-trending lineaments which 
pre-date the subsided carbonate platform (Figure 
5B). In the southern area, the multibeam bathymetry 
shows a number of rounded-shaped features 
dominating the area (Figure 5C) bounded by a 
number of WNW-ESE trending lineaments, some of 
which are seen to be normal faults on seismic lines 
(Figure 5D). 
 
Three different faulting styles were observed in the 
Western Seram Trough. Firstly, a set of reverse faults 
and folds is observed on seismic occurring below the 
Early Pliocene unconformity (Figure 5D). Thrust 
faults were observed in the trough and south of the 
trough. Although it is difficult to pick out reflectors, 
fault planes can be identified on several seismic 
lines. The detachment surface of thrust faults in area 
A is the top of TS. The thrust system seems to be 
related to extensional faults further south with 
growth strata above, and extension is considered to 
balance the net contraction. The extensional fault and 
thrust system is thus considered to be a massive 
rotational system that may have been caused by 
young major uplift further south. 
 
Area B – Central Seram Trough 
 
The maximum depth of the trough is about 2000 m. 
The trend of the trough changes to NW-SE and the 
width of the trough ranges from 12 km in the west 
and gradually becomes wider to 30 km to the east. 
The northern slope of Area B is very steep and 
dominated by gravity-driven mass transport features, 
and gravity collapse deformation is clearly observed 
(Figure 6A). Within the trough, a number of NW-SE-
trending anticlines were observed. These anticlines 
are marked by 2 to 3 km long axes and 1 km 
wavelengths and are asymmetric, with a northeast 
vergence direction (Figure 6B). In between the 
anticlines, PS2 was deposited. Next to the Seram 

Trough, several antiformal shapes and lineaments 
which are parallel to the NW-SE antiformal axes are 
developed. This area is interpreted to be a fold thrust 
belt zone. Two blocky shaped features seem to be 
separated by sinistral strike-slip faults (Figure 6C) 
but there is no observable lineament on the seabed 
and only rotation of the antiformal axes.  
 
Based on the multibeam bathymetry and seismic 
data, three different structural styles are recognised. 
Beneath the Early Pliocene unconformity, there is a 
set of reverse faults and folds (Figure 6D) forming an 
anticlinorium. The fold thrust belt is developed in the 
trough and to the west of the trough with growth 
strata developed between anticlines. The thrust front 
terminates at PS1. The detachment level of the fold 
thrust belt is at the Early Pliocene unconformity. In 
the southwestern part of the area, a sinistral strike-
slip fault cuts through the fold thrust belt. 
 
Area C – Eastern Seram Trough 
 
The trough has a NNW-SSE trend in the west and 
bends to NW-SE in the south. The seabed surface in 
the trough is relatively flat with young and active 
sedimentation now being filled from the west. The 
depth of the trough is about 2100m. Bathymetrically, 
Area C can be divided into four different subareas. 
The western slope is characterized by smooth 
morphology, cut by various submarine channels, 
with drainage flowing into the trough. Very young 
and present-day deformation in the slope is 
interpreted to have been influenced by gravity-driven 
deformation. In the eastern part of the trough, there 
is a fold and thrust belt zone with a width of 40 km 
in the north which narrows to 5 km in the south. The 
fold thrust belt zone consists of antiformal shapes 
and parallel lineaments bounded by a strong NW-SE-
trending lineament in the south. This lineament is 
characterised by extensional fault arrays at its 
southern end (Figure 7A). The arrays suggest that the 
lineament is a sinistral strike-slip fault. In the 
northern side of the trough, a number of ENE-WSW-
trending sinistral strike-slip faults offset the fold 
thrust belt with up to 2 km lateral separation (Figure 
7B). At the west end of the fold thrust belt zone, a 
depression is observed; interpreted as a pull-apart 
basin (Figure 7C). 
 
Seismic and multibeam observations have identified 
three distinct faulting styles. Reverse faults and folds 
are observed below the Early Pliocene unconformity, 
some of which are located beneath the detachment 
level of the thrust faults (Figure 7D). A fold thrust 
belt is observed on seismic to have detached on the 
Top Early Oligocene (top of Lower New Guinea 



 

Limestone). The thrust front terminates at the base of 
the Early Pliocene unconformity. A sinistral strike-
slip fault which bounds the fold thrust belt zone is 
interpreted to have developed together with the fold 
thrust belt. A set of normal faults is also observed on 
seismic lines but has only a weak impression on 
multibeam bathymetry. Lastly, a dextral strike-slip 
fault has developed a pull-apart basin in the west of 
the fold thrust belt zone. 
 
Area D – Kai Arch 
 
In Area D, there is a N-S-trending ridge, the Kai 
Arch, with a trough to the west and a steep slope to 
the east. At the northern end of the Kai Arch, a 
subsided carbonate platform lies on the ridge at 900 
m depth (Figure 8C) and is considered to have the 
same age as the carbonate platform in Area B as it 
lies above the Early Pliocene unconformity. Area D 
can be subdivided into three subareas. The eastern 
area is characterized by a basin with a flat deep basin 
floor, bounded by the steep slope of the Kai Arch in 
the west and an elevated disturbed irregular area in 
the east (Figure 8A). The depth of the basin is about 
2700 m. Mud volcanoes are observed in the northern 
part of the basin on the multibeam bathymetry data. 
Mud diapirs are also observed on seismic (Figure 
8D). The eastern slope of the Kai Arch is interpreted 
as a N-S trending normal fault plane, downthrown to 
the west (Figure 8B). In the middle part of Area D, 
the west side of the Kai Arch is adjacent to the 
trough. The trough is very narrow and becomes 
shallower towards the south, from 1700 m to 980 m. 
In the western part of Area D, to the west of the 
trough, a wide fold thrust belt zone is observed with 
a number of anticlines with axes parallel to the 
trough.  
 
There are three different structural styles observed in 
this area. On seismic, a set of normal faults is seen to 
be located below the Early Pliocene unconformity 
(Figure 8D). In the western part of Area D, a fold 
thrust belt with a thrust front at the trough has a N-S 
trend and duplex geometry. The detachment level of 
thrusting is at the Early Pliocene unconformity. East 
of the Kai Arch, a N-S-trending normal fault forms 
the western edge of a very deep basin (Aru Trough) 
to the east which is filled by young, relatively 
undeformed sediments. 
 
DISCUSSION 
 
Based on observations from multibeam and seismic 
data, the thrusts of the Seram Trough are shown here 
to pass between the Kai Islands. The area east of the 
Kai Arch (Aru Trough) is dominated by extensional 

faulting while the Kai islands are separated by a 
thrust fault. The E-W Tarera-Aiduna Fault Zone 
(TAFZ) does not cut the deformation front or reach 
the trough, although a major, older, sinistral strike-
slip fault with a different orientation, trending NW-
SE in Area C, seems to have controlled the 
development of the fold thrust belt. 
 
There is some strike-slip faulting near the trough and 
its southern slope indicating the Seram Trough 
terminates to the north of west Seram Island and is 
not linked with the Buru Basin. These strike-slip 
faults indicate that the Seram Trough started 
developing into Buru Basin. Different styles of 
deformation which were interpreted from multibeam 
and seismic data are shown in Figure 9.  
 
Based on its morphology, the Seram Trough is not 
typical of a subduction zone. Bathymetrically, the 
trough is shallower than any subduction trench in the 
world. Along most of its length the Seram Trough is 
the deformation front of a fold thrust belt. The 
displacement on the frontal thrust diminishes 
towards the west and thrusting ceases at the eastern 
edge of the Buru Basin. In addition, seismic 
interpretation in Area C (Figure 7D) shows that the 
MOKR stratigraphy can be traced about 10 km to the 
southwest of the trough. The stratigraphy of the 
northern slope and southern slope of the trough is 
relatively similar.  
 
The Seram Trough formed after the MOKR area was 
uplifted following contraction in the Late Miocene. 
Later, subsidence of the MOKR allowed sediments 
to be deposited above it (Pairault et al., 2003). The 
extensive area of carbonates in Area A overlies the 
Early Pliocene unconformity showing that the 
carbonates are relatively young, were deposited close 
to sea level, and later depressed to their present 
depths, between 450 m and 1400 m. The carbonates 
capping the Kai Arch are now at 900 m depth. We 
interpret the flexure and subsidence of the carbonates 
to have resulted from loading by the Seram fold 
thrust belt which started activity in the Late Pliocene, 
with northeast-directed thrusting near the trough 
believed to have initiated in the Late Pleistocene. 
These observations seem to indicate that the Seram 
Trough is not a subduction trench, but a zone of deep 
bathymetry associated with the deformation front of 
a fold thrust belt system resulting from oblique 
convergence between the Outer Banda Arc and the 
Bird’s Head.  
 
The Buru Basin cannot be regarded as continuation 
of the Seram Trough as shown in models by 
Hamilton (1979), Silver et al. (1985), Honthaas et al. 



 

(1999), and Pairault et al. (2003). It has a much 
deeper bathymetry than the Seram Trough, reaching 
5300 m, and the bathymetric and seismic 
characteristics indicate that oceanic crust is present 
beneath the central part of the basin. As such, we 
consider the Buru Basin to have originated from 
oceanic spreading that could be contemporaneous 
with opening of NW Banda Sea between 12.5 and 7.3 
Ma (Hinschberger et al., 2003). A summary of 
deformation in the study area is shown in Figure 10. 
 
Many authors show the TAFZ as a relatively old and 
long-lived structure which forms a triple junction 
with the Seram and Tanimbar Troughs. However, the 
TAFZ, which was believed by Hinschberger et al. 
(2005) to be active since the Late Miocene, does not 
reach the Seram Trough. The TAFZ is likely a very 
young, probably Pleistocene, feature. In contrast, 
extension to the east of the Kai Arch proposed by 
Hinschberger et al. (2005) as recent rifting, likely 
started in the Late Miocene. 
 
A schematic cross-section evolutionary diagram has 
been made to show the development of the Seram 
Trough in the east between the Late Miocene to 
Recent (Figure 11). This evolutionary diagram has 
included the onshore interpretation by Pownall et al. 
(2013) to show the relationship between deformation 
in the onshore and offshore areas. 
 
In the Late Miocene, a low angle normal fault that 
exhumed subcontinental mantle peridotite cut from 
lower crust to upper crust was reactivated by the left-
lateral Kawa Shear Zone (Pownall et al., 2013). This 
resulted in transpressional deformation on Seram. At 
about this time, in the northern slope of Areas A, B 
and C, folding and reverse faulting took place and led 
to formation of the MOKR. This contraction formed 
an anticlinorium (Figure 6D) running from Misool to 
the Onin-Kumawa Peninsula. Pairault et al. (2003) 
mapped the axis of this anticlinorium and showed 
that the axis is not parallel to the Seram Trough 
implying that its formation was not related to the 
Seram Trough and fold thrust belt. Fraser et al. 
(1993) suggested that the faulting and folding were 
the result of reactivation of an older basement 
structure. The several dog-leg bends in MOKR Ridge 
support this suggestion. In the Kai Arch Area (Area 
D), an extensional regime created a set of N-S 
trending normal faults during this period.  
 
The observations along the trough do not favour the 
two-slab model by Hinschberger et al. (2005). 
Tectonically, the deformation in the study area can 
be explained with a single slab model. Spakman and 
Hall (2010) and Hall (2012) suggested Banda 

subduction rollback was initiated at 15 Ma and 
caused the collapse of old and cold Jurassic oceanic 
lithosphere (Proto-Banda Sea Plate) in the Banda 
embayment leading to formation of young Banda Sea 
oceanic crust, and extension of continental crust into 
the Banda Embayment. As the subduction hinge 
moved eastwards and passed west Seram, there was 
initially contraction in the MOKR, which then 
stopped, and was followed by a phase of uplift and 
erosion and formation of the Early Pliocene 
Unconformity (Figure 12A). The Early Pliocene 
angular unconformity truncates the Jurassic-
Miocene sequence in the MOKR. In some places on 
the MOKR, the area was elevated above sea level and 
there was strong uplift of the Onin-Kumawa 
Peninsula which is still topographically high.  
 
In the Late Pliocene, eastward subduction rollback 
caused delamination of Australian continental crust 
below Seram and triggered oblique convergence 
between the Outer Banda Arc and Bird’s Head. 
Increasing resistance to northward movement of the 
Australian continent led to rotation and folding of the 
Banda slab. The contraction started thrusting in 
Seram. Locally, thrusting in area A was balanced by 
rotational extension faults as indicated in Figure 5D. 
TS was deposited and overlies the Early Pliocene 
Unconformity (Figure 12B). TS is interpreted to be 
an equivalent of the Salas Blocky Clay that was 
deposited during rapid uplift due to thrusting in 
Seram. In the northern slope, TS onlaps the Early 
Pliocene Unconformity indicating that tilting of the 
unconformity had begun in this period. In area B, the 
gravity-driven mass transport features observed in 
the steep northern slope suggest that the amount of 
tilting in this area may have been more pronounced. 
By the Early Pleistocene (Figure 12C), PS1 – that 
partly consists of carbonate platforms – was 
deposited during a period of tilting and subsidence. 
PS1 is considered to be the same age as the neritic 
Wahai Beds in Seram. Both subsided carbonate 
platforms, south of Misool and the Kai Arch, are now 
found in deep-water environments which does not 
support the model by Sapin et al. (2009) that 
proposes a crustal scale thrust fault was responsible 
for the formation of MOKR and the Seram Trough. 
Indeed, if the MOKR area was uplifted by such a 
major thrust fault, the carbonate platforms would not 
be in deep water but elevated above sea level. An 
alternative plausible cause of tilting and subsidence 
may be loading due to development of the fold thrust 
belt in Seram, indicating that the Seram fold thrust 
belt started to form during or after the Late Pliocene. 
 
Contraction continued in the Late Pleistocene and 
thrusting was initiated at the Seram Trough (Figure 



 

6-12D). The thrusting has three levels of detachment: 
Top TS1 in Area A, Early Pliocene unconformity in 
Areas B and D, and Top Early Oligocene in Area C. 
The different detachments must be accommodated 
by lateral ramps between them. During the period of 
thrusting, PS2 was deposited as growth strata in 
Areas A, B and C and is now still being deposited 
indicating that thrusting was recently active. 
Laterally, the fold thrust belt zone is narrower in the 
west and widens towards SE. To the north of west 
Seram, E-W trending left-lateral strike-slip faults 
suggest that the Seram Trough is beginning to 
develop into Buru Basin whereas the fold and thrust 
belt zone in Area D is not significantly influenced by 
strike-slip faulting. No growth strata are observed in 
Area D (Kai Arch) suggesting that thrusting to the 
west of the trough is inactive. Pownall et al. (2016) 
suggest major extension to the west of this region has 
formed the Weber Deep and may be ongoing. It can 
be concluded that the development of the Seram 
Trough proceeded from east to west. Later 
deformation includes displacement on strike-slip 
faults in Areas A, B, and C. Sinistral strike-slip faults 
cut through the fold-thrust belt while dextral strike-
slip faults formed pull-apart basins. 
 
CONCLUSIONS 
 
The Seram Trough curves through 90°. The trend of 
the Seram Trough is E-W to the north of Seram and 
changes to N-S west of the Kai Arch. The depth of 
the trough generally becomes shallower from 3000 
m to the north of Seram to 900 m near the Kai Arch. 
It is a relatively shallow feature associated with the 
deformation front of a fold thrust belt resulting from 
oblique intra-plate convergence, not a subduction 
trench. In places the deformation front is not a thrust. 
It links to the Tanimbar Trough through the Kai 
Islands, not via the Aru Trough. The development of 
the Seram Fold Thrust Belt initiated after the Late 
Pliocene and was associated with subsidence and 
tilting to the north and east of the trough due to 
loading by the fold thrust belt. There was strike-slip 
faulting during and after the development of the 
Seram Trough, some of which has developed 
depressions within fold thrust belt. Unlike the Seram 
Trough. the Buru Basin is dominated by extensional 
faults resulting from oceanic spreading, and is not a 
continuation of the Seram Trough. It is also older. 
The deformation within the study area can be 
summarized as: extension of continental crust and 
oceanic crust formation in the Buru Basin; oblique 
convergence in the southern slope of the Seram 
Trough; subsidence and tilting in the northern slope 
of the Seram Trough and the Kai Arch; extensional 
basin opening to the east of the Kai Arch. 
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Figure 1 -  Tectonic elements of eastern Indonesia (modified from Hall, 2012). Seram is one of the islands of 

the Outer Banda Arc. The Seram Trough is situated between Seram and Misool. Faults are marked 
by solid black lines; subduction zones are indicated by toothed black lines; the deformation front 
of the Banda Arc is marked by dashed black lines. The study area is marked by the red box. 

 



 

 
 
Figure 2 -  Overview of the dataset provided for this study. 28 selected seismic lines (red lines) and high 

resolution multibeam bathymetry cover the Seram Trough; blue lines are seismic lines used in a 
previous study by Pairault et al. (2003). 

 
 
 

 
 
Figure 3 - Summary of seismic stratigraphy for the offshore (A) Seram region and (B) Buru Basin used for 

this study. 
 



 

 
 

Figure 4 -  Buru Basin: Detailed observation from multibeam bathymetry data showing (A) volcanic mound 
geometry, (B) normal fault scarps in the north, (C) pop-up structure resulting from left-lateral 
strike-slip faults. (D) Interpretation of a seismic line in the Buru Basin showing a deep basin with 
normal faults in the north and south. 



 

 
 

Figure 5 -  Area A: Detailed observation from multibeam bathymetry data showing (A) subsided carbonate 
platform, (B) normal fault lineaments and (C) rounded-shaped morphologies in the southern 
shallow slope area. (D) Interpretation of a seismic line in Area A showing extensional faults in the 
south, thrust faults in the trough, and reverse faults beneath Early Pliocene unconformity in the 
north. 



 

 
 

Figure 6 -  Area B; Detailed observations from multibeam bathymetry data showing (A) gravity mass 
transport, (B) anticlines in the trough, (C) left-lateral strike-slip fault. (D) Interpretation of a seismic 
line in Area B showing thrust faults and folds in the trough and SW of the trough, and reverse faults 
beneath the Early Pliocene unconformity in the NE. Note that the thrust front does not propagate 
through PS1. 



 

 
 

Figure 7 -  Area C: Detailed observations from multibeam bathymetry data showing (A) fault arrays at 
termination of major strike-slip fault in the south indicating left-lateral movement, (D) E-W 
trending left-lateral strike-slip faults in the trough and (C) pull-apart structure due to right-lateral 
strike-slip fault in the west. (D) Interpretation of a seismic line in Area C showing thrust faults and 
folds in the trough and SW of the trough, and reverse faults beneath the Early Pliocene 
unconformity in the NE. The detachment level of the thrust system at top early Oligocene is deeper 
than in Area A and Area B. 



 

 
 

Figure 8 -  Area D: Detailed observation from multibeam bathymetry data showing (A) the eastern basin with 
mud volcanoes, (B) normal fault scarps on the eastern slope of ridge, (C) subsided carbonate 
platform at 900 m. (D) Interpretation of a seismic line in Area D showing thrust faults and folds in 
the trough and SW of the trough, normal faults beneath the Early Pliocene unconformity in the Kai 
Arch, and mud diapir geometry to the east. 



 

 
 
 
 
 

 
 
Figure 9 -  Present-day structural map of the Seram Trough and Buru Basin. The Buru basin is not a 

continuation of the trough but an older structure. The Seram Trough is offset to the east at the north 
end of the Kai Arch and passes to the west of the Kai Arch and then between the Kai Islands.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
 
 
 
 
 

 
 
Figure 10 - Present-day tectonic map of the Seram Trough and Buru Basin shows the main structural elements 

identified in this study. Revised faults are shown in red. Note that the TAFZ does not offset the 
deformation front west of the Kai Arch. Other faults outside the study area are compiled from 
Watkinson et al. (2011), Hall (2012), Sapiie and Hadiana (2012) and Pownall et al. (2013).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
 
 
 
 

 
 

 
 
Figure 11 - Schematic evolutionary diagram from Early Pliocene to Late Pleistocene showing development 

in Area B. Vertical black dashed lines on inset map divide the Areas A, B, C, and D based on the 
multibeam data. For the north-eastern part, the reconstruction is based on this study and for the 
part further south, on and close to Seram, is based on previous studies by Audley-Charles et al. 
(1979), Kemp and Mogg (1992) and Pownall et al. (2013). 

 


