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ABSTRACT 
 
The South Halmahera Basin is situated at the 
southern edge of the Philippine Sea Plate in a 
complex region of modern and ancient island arc 
and continental fragments. The basin was 
influenced by a long arc history, a collision with the 
Australian continental margin in the Early Miocene, 
and Neogene strike-slip faulting. A synthesis of the 
basin’s tectono-stratigraphic evolution and potential 
petroleum systems was obtained from an integrated 
analysis of regional 2D seismic surveys and 
geological mapping of Halmahera Island and 
adjacent islands. The basin was initiated by rifting 
in the Late Eocene to form a west-east elongated 
Paleogene backarc basin in which terrestrial to 
marginal marine clastic sediments, including coals, 
were deposited, followed by thick deep marine 
turbidites. Early Miocene arc-continent collision is 
interpreted to have caused uplift, erosion and of a 
major unconformity above which widespread 
Miocene limestones were deposited. After 
deposition of the limestones two sub-basins formed 
in the late Neogene, separated by a topographic 
high of older rocks. The northern and southern sub-
basins were a response to the formation of the 
Halmahera volcanic arc to the west and strike-slip 
movements along the Sorong Fault Zone (SFZ) to 
the south. Pliocene-Pleistocene events related to 
movements on the SFZ resulted in NW-SE fault 
propagation folding in the southern sub-basin, 
deformed the high area separating the sub-basins, 
making geometry and style of older structures 
unclear, and initiated magmatic activity along the 
deformation zone. An oil seep from Halmahera, and 
similarities to the productive Salawati Basin south 
of the SFZ suggest that this frontier area has 
potential to contain effective petroleum systems. 
Two carbonate successions, Eocene and Miocene 
reefal limestones, are potential reservoirs. Eocene 
coals are one potential source, and Miocene deep 
water limestones in the centre of the South 
Halmahera Basin could resemble source rocks in 
the Salawati Basin. 

INTRODUCTION 
 
At the present day Halmahera Island is located at 
the conjunction of three plates: the Philippine Sea 
Plate, Indian-Australian Plate, and Molucca Sea 
Plate. The South Halmahera Basin lies between the 
SW and SE arms of Halmahera in an area which is 
geographically known as Weda Bay and occupies 
an area of approximately 34,000 km2 (Figure 1). 
This area is under-explored, and there are no wells 
drilled within the basin. The nearest well that has 
been drilled is the North Batanta A-1X well at the 
eastern edge of the basin close to Gag Island. The 
nature of the basement itself is still uncertain as it is 
tectonically complex area where modern and 
ancient island arc and microcontinent fragments 
interact with each other. Milsom et al. (1996) 
described the crust beneath Halmahera to have a 
bulk density and crustal thickness similar to 
continental rather than oceanic crust which 
apparently underlies it based on the distribution of 
ophiolites widespread from east Halmahera to 
Waigeo (Figure 2). This is an important issue in 
terms of potential for producing a petroleum 
system, as the Mesozoic and Cenozoic sequences of 
the Australian continent include formations 
containing well-known hydrocarbon systems in 
Indonesia such as the giant field of Abadi in south 
Tanimbar, the Salawati and Bintuni Basins of the 
Bird’s Head of Papua New Guinea, and several oil 
and gas fields in the Northwest Shelf of Australia. 
 
The widespread Miocene carbonate build-ups in the 
South Halmahera Basin are similar to limestones of 
the Kais Formation with good reservoir properties 
within the Salawati Basin. Furthermore, an oil seep 
was discovered in a village well in the 1980s during 
field mapping of the NE arm of Halmahera Island 
(Hall et al., 1988 a, b). This suggests the existence 
of ‘cooked’ source rock within the area that is 
capable of generating hydrocarbons that could 
migrate to the surface. Interpretation of 2D seismic 
surveys and geological surface information by this 
study focussed on revealing the tectono-



 

stratigraphic evolution of South Halmahera Basin to 
get better understanding of its basin history related 
with the regional tectonic history of the area so that 
potential petroleum systems can be identified and 
assessed. 
 
DATASET AND METHODOLOGY 
 
The datasets that were used in this research include 
two 2D seismic surveys and geological maps for 
Halmahera and adjacent islands relevant to the 
South Halmahera Basin. The seismic datasets are 
the 96HAL survey and HS09 survey (provided by 
Searcher Seismic) which cover an area of 
approximately 31,850 km2. The geology of 
Halmahera, Gebe, Gag, Waigeo, Obi, Bacan and 
Kasiruta Islands are particularly important to 
understand the tectonic history of the South 
Halmahera Basin as they surround the basin. The 
96HAL and HS09 seismic survey lines along with a 
simplified geological map based on SEARG 
fieldwork in 1980s and 1990s (Hall et al., 1992) is 
shown in Figure 2. 
 
The lack of well data within the research area 
makes the age of interpreted seismic sequences 
uncertain. However, that were widespread 
carbonates deposited throughout the eastern 
Indonesia region from Halmahera eastwards in the 
Early to Middle Miocene and the carbonates can be 
interpreted from land onto nearby seismic lines in 
the southwest part of the basin, and then traced on 
seismic lines across the whole basin. By using the 
Miocene carbonate interval as a guide, age and 
lithology for seismic sequences above and below 
this interval can be interpreted. Major 
unconformities can also be identified and mapped 
across the basin and interpreted to link to major 
tectonic events identified from geological mapping 
on land.  Thus it is very important to understand the 
tectonic evolution, stratigraphy and geological 
structure of Halmahera and adjacent islands based 
on fieldwork in the region, as summarised in the 
next section. 
 
REGIONAL TECTONIC SETTING 
 
Tectonic evolution of Halmahera and 
surrounding areas 
 
Halmahera region is part of eastern Indonesia which 
has a long arc history within the Philippine Sea 
Plate and records a major arc-continent collision. 
The South Halmahera Basin is presumed to record 
the effects of tectonic events including arc 
volcanism, collision and strike-slip faulting. The 

tectonic evolution of Halmahera and adjacent 
islands, related to the regional tectonic setting based 
on Hall (2012), is summarised in Figure 3. The 
evolution of Halmahera started as an intra-oceanic 
island arc with Mesozoic intra-oceanic subduction, 
supra-subduction magmatism, followed by several 
pulses of volcanism (Hall et al., 1988 a, b, 1995b; 
Ali and Hall, 1995). The Philippine Sea Plate 
formed in the Eocene by rifting of Cretaceous and 
older arcs in an equatorial position. The East 
Philippine-Halmahera-New Guinea arc system 
remained in a similar position above a north-
dipping subduction zone from the Eocene until late 
Oligocene as Australia and oceanic crust to the 
north moved northwards (Hall, 1996).  The 
Philippine Sea Plate arcs and the Australian 
continental margin were separated until the end 
Oligocene. The East Philippine-Halmahera-New 
Guinea arc system and the Australian continental 
margin collided at c. 25 Ma. After that arc-continent 
collision event, the plate boundary changed from a 
convergent to a strike-slip plate boundary as the 
Philippine Sea Plate began to rotate clockwise 
resulting in oblique convergence between the two 
plates (Ali and Hall, 1995). A sinistral strike-slip 
system formed, known as the Sorong Fault Zone 
(SFZ), and bounded the South Halmahera Basin to 
the south. It separated oceanic crust to the north 
from the northern Australian continental margin to 
the south and it carried micro-continental fragments 
through its splays towards the west that extend for 
several hundred kilometres from the Bird’s Head 
area to the Banggai-Sula Islands (Hall, 2012). Hall 
(2002) suggested that locking of splays of the SFZ 
caused subduction to initiate at the eastern margin 
of Molucca Sea. In the last few million years, 
probably since about 7 Ma, the Molucca Sea Plate 
started to subduct beneath the Philippine Sea Plate 
and formed a magmatic arc along the western arm 
of Halmahera Island (Ali and Hall, 1995). The 
subduction continued until the present day. The 
almost complete subduction of the Molucca Sea 
Plate has caused the Sangihe and Halmahera arcs to 
collide in the last 2 Ma (Hall, 2000). 
 
Sorong Fault Zone 
 
The collision of the Philippine Sea volcanic arc and 
northern Australian continental margin resulted in 
the formation of the Sorong Fault Zone (SFZ). 
Geochronological and paleomagnetic data from 
several islands located adjacent to SFZ indicate that 
initiation of the left-lateral strike-slip fault zone 
occurred after 25 Ma. Movements are suggested to 
have occurred in the Miocene or Pliocene (Saputra 
et al., 2012) and can be seen clearly on the seabed 



 

offshore, and on land. The geometry itself is still 
debatable. Ali and Hall (1995) mapped the SFZ 
splays to extend into the South Halmahera Basin to 
delineate the basement (ophiolitic) highs of Gebe 
and Gag Islands and form thrusts at the termination 
of the horse-tail splays of a strike slip zone in the 
Central Zone of Halmahera (Figure 4). Recent 
authors (e.g. Saputra et al., 2012) mapped the SFZ 
strands offshore based on multibeam bathymetric 
data. Recently, the SFZ has been reported to be an 
inactive fault from geodetic analysis based on GPS 
data and the Bird’s Head is suggested to now move 
together with the Pacific Plate towards the 
southwest at 7.5-8 cm/year (Stevens et al., 2002). 
 
SEISMIC STRATIGRAPHY 
 

The South Halmahera Basin seismic sequences have 
been divided based on reflector packages and major 
changes in seismic facies or unconformities. The 
determined seismic sequences are composed of 
effective basement and sediment packages 
interpreted to range from Eocene to Recent. There 
are seven main seismic units interpreted within the 
South Halmahera Basin (Figure 5) and three 
important unconformities, which are (1) 
unconformity separating basement from Paleogene 
sediments, (2) unconformity separating Paleogene 
sediments from Neogene sediments and (3) 
unconformity within Neogene sediments. The 
correlation between seismic sequences with 
stratigraphy on land and tectonic history of the 
research area is shown in Figure 5.  
 

A summary of each of seismic units identified (Unit 
X, Unit A, Unit B, Unit C, Unit D, Unit E and Unit 
F) and interpretation of their depositional 
environment and age is shown in Figure 6. 
 

SOUTH HALMAHERA BASIN EVOLUTION 
 

Pre-Eocene 
 

Before the Eocene, Halmahera was situated in the 
Pacific region and interpreted to have been in a 
supra-subduction setting. The subduction led to 
volcanic activity in which arc volcanic rocks were 
deposited in the Late Cretaceous and the Early to 
Middle Eocene (Hall et al., 1988a). Ophiolitic rocks 
and lithologies from those volcanic episodes are 
known on land as Ophiolitic Basement Complex 
and formed the basement to the South Halmahera 
Basin. 
 

Late Eocene 
 

A major unconformity in the Late Eocene due to a 
regional tectonic event resulted in plate 

reorganization in the Pacific and formation of the 
Philippine Sea Plate. Halmahera was at the southern 
edge of the Philippine Sea Plate in a back arc 
setting, and rifting began as subduction developed. 
NW-SE planar normal faults developed in a half 
graben system. In the southern area there is a NE-
SW planar normal border fault which bounded the 
basin. The earliest syn-rift sediments filled the 
basin. These sediments are interpreted as reef 
buildups, interbedded limestones, coals and other 
associated clastic sediments that were deposited in a 
restricted shallow marine environment. They are 
correlated with the Upper Eocene Paniti Formation 
found in the SE arm of Halmahera. The Paleogene 
sediment time-thickness of Units A and B (Figure 
7a) illustrates the Paleogene basin configuration. 
The basin’s geometry in Paleogene time is 
suggested to have been a broadly east-west elongate 
shape that extended westwards through the present 
day Halmahera SW Arm as far as Kasiruta Island.  
 
Oligocene 
 
South Halmahera Basin remained in a back arc 
setting. Very well bedded Oligocene sediments 
were deposited throughout the basin, and by 
comparison to nearby land geology are suggested to 
be interbedded lavas (basaltic pillow lavas) and 
deep water volcaniclastic turbidite sediments. This 
sequence is the interpreted equivalent of the Tawali 
Formation that exposed in NE and NW arms of 
Halmahera and Kasiruta (Figure 7e and 7f). Basaltic 
pillow lava known as the Jojok Member was 
deposited in the Early Oligocene and bedded 
volcaniclastic turbidites in the Late Oligocene 
known as the Marikapal Member of Tawali 
Formation. These rocks were deposited in a deep 
water environment. The main depocenter of this 
east-west elongated Paleogene basin was in the SE 
area of the present day basin where the time 
thickness reaches up to 1.75s TWT sediments. 
 
Early Miocene 
 
A major tectonic event occurred in the eastern 
Indonesia region, with a collision between an arc of 
Philippine Sea Plate with northern Australian 
continental margin in the Early Miocene from c. 25 
Ma. This tectonic event changed the plate boundary 
from convergent into a strike-slip plate boundary 
known as the Sorong Fault Zone (SFZ). It also 
created major uplift throughout the region including 
the area of the South Halmahera Basin. 
Observations within the basin indicate only minor 
deformation at the Early Miocene unconformity 
where there are mainly conformable relationships 



 

between the pre- and post-collision sediments. 
However, in several places it is clear that this 
unconformity was related to uplift with evidence of 
an erosional surfaces in higher areas. There is also a 
major change in sediment character at the 
unconformity on land from well bedded deep water 
turbidites to reefal build-ups to shallow marine 
carbonates. The SFZ is interpreted to cut through 
the southern part of the South Halmahera Basin. 
One particular feature interpreted as a result of 
deformation associated with the collision event is 
the uplift in the west area near the SW arm of the 
present day Halmahera in the middle of the basin. It 
is difficult to define this NE-SW deformation zone 
in the middle of the basin due to the highly 
deformed reflectors. The character of the faults 
(type and geometry) at the time of the fault 
movements and also whether or not some pre-
existing faults were present are still unclear. This 
deformation zone is strongly overprinted by 
younger deformation that is interpreted to be active 
in Pleistocene. Nevertheless, observation of seismic 
lines shows that older sediment above the basement 
has more or less the same thickness at across the 
basin (Figure 8).  
 
After the uplift event, sequences of shallow marine 
limestones were deposited. These carbonates consist 
of reefal build-ups, pinnacle reefs and interbedded 
limestones and mudstones. They are equivalent to 
Subaim Formation mapped in the NE and SE arms 
of Halmahera, the Fluk Formation in the NE of Obi, 
the Waigeo Formation in Waigeo and the Kais 
Formation in the Bird’s Head region. The time-
thickness map of Neogene carbonate rocks (Figure 
7b) illustrates the distribution of reef build-ups and 
pinnacle reefs. In the southern area carbonate 
growth was maintained, keeping pace with mean 
sea level, thus the reefs grew in places until the 
present day forming an area of a carbonate 
platform. These reefal sequences could indicate an 
antecedent topographic high that formed pre-
carbonate deposition which was either a long-lived 
basement high or high topography that formed after 
Early Miocene deformation. In the deeper parts of 
the basin, interbedded limestones and mudstones 
were deposited. 
 
Middle Miocene to Pliocene 
 
Relative sea level rise meant that deposition of 
carbonate continued only in the higher topography 
areas, and then a separation between the northern 
and southern sub-basins developed. As the reefal 
carbonates grew and kept up with rising sea level, 
the depth difference between lows and highs 

became more significant. The upper Neogene 
sediment time-thickness map (Figure 7c) illustrates 
the thickness of non-reefal carbonate deposits in the 
whole basin. The division of late Neogene northern 
and southern sub-basin seems to disappear further 
to the NE. Seismic lines crossing the NE part of the 
basin (Figure 9) strengthen this interpretation as 
there is a very clear separation of the two 
depocentres in the west but a less well developed 
northern sub-basin further east. In order to clearly 
define the boundary between the two sub-basins, 
some additional seismic lines are needed. The 
filling sediments were deposited conformably above 
the limestones. On the eastern side of the study area 
the sediments in the southern sub-basin are 
interpreted to be redeposited limestones, mudstones 
and other clastic sediments that could be compared 
with the Saolat Formation exposed in the NE and 
SE arms of Halmahera. The sediments in the 
northern sub-basin are interpreted as volcaniclastic 
sediments derived from the west from the late 
Neogene magmatic arc, which are interpreted to be 
equivalent of the Kulefu Formation and Weda 
Group found in the SW arm of Halmahera. This 
magmatic arc was formed due to Molucca Sea Plate 
subduction beneath the Philippine Sea Plate since 
about 7 Ma. 
 
A series of NW-SE fault propagation fold 
developed within the southern sub-basin (Figure 9) 
that formed during the Late Miocene. This 
deformation is assumed to be associated with the 
movement on the reactivated SFZ. A Pliocene 
unconformity marks erosion of the older sediments 
at locations of high topography indicating localized 
uplift or sudden subsidence. This could be related to 
the subduction of Molucca Plate in the Late 
Miocene, or beginning of collision in the Molucca 
Sea region during the Pliocene (Hall, 2000). Reefal 
build-ups later developed on these highs, indicating 
relative sea level rise, adjacent to interpreted bedded 
fore-reef slope facies carbonates. 
 
Pleistocene to Recent 
 
On the east side of the South Halmahera Basin there 
is very sign of little tectonic activity. However, in 
other parts of the basin there are several indications 
of deformation. NE-SW younger deformation in the 
middle of the basin overprints the older structures, 
and seismic sections show that faults cut through 
until the youngest unit. Within this deformation 
zone reflectors suggest magmatic activity by 
intrusive bodies (sills) seen on Figure 10. Local 
erosion surfaces post-date the deformation and 
probably reflect relative changes of sea level. 



 

Indications of transtensional movements of the SFZ 
are observed at the southern edge of the basin, and 
on several seismic lines there is a narrow trough 
that has not been filled with sediment (Figure 8 and 
9). Thrust faults observed on land in the southwest 
arm and central zone of Halmahera have been 
linked to the reactivation of SFZ’s splays after 3 
Ma, although there are no traces of very young 
faults in the NE area on seismic sections. A major 
change in this area is the sudden deepening of the 
basin from water depths of a few hundred metres to 
water depths of about 2 sec TWT (at least 1 km) 
seen on seismic lines (Figure 11). All of the events 
contributed to the present day depth of the South 
Halmahera Basin. 
 
HYDROCARBON PROSPECTIVITY 
 
Some indications of possible petroleum systems 
have been found in the field, for instance an oil seep 
was found in a village well in the NE Arm of 
Halmahera during field mapping in 1984, indicating 
that there is a potential source rock that could 
generate and expel hydrocarbons. Below is 
summarised possible features relevant to the 
petroleum system of the South Halmahera Basin. 
 
Late Eocene Reefal Limestones 
 
The oldest reservoir identified within the South 
Halmahera Basin is the Upper Eocene reefal 
limestones associated with potential source rocks of 
Upper Eocene coals deposited as the earliest syn-rift 
sediments in the basin (Figure 12). Geochemical 
analysis of several samples from the coals of Paniti 
Formation show that they have high TOC, and are 
still immature on land, but if the coal was mature it 
would likely generate gas or waxy oil. Even though 
the sample analyses indicate that coals on land are 
still immature, there is still a possibility that the 
coals within the basin were deeply buried – at 
present they are covered by at least 5s TWT of 
sediment overburden. Migration towards the reefal 
build-ups on the horst bounded by normal faults 
would need to be studied in more detail to estimate 
the age of hydrocarbon generation and migration. 
The sediments above Upper Eocene sequences are 
interpreted to be interbedded basaltic pillow lava 
(Lower Oligocene Jojok Member) and turbidite 
volcaniclastic sediments (Upper Oligocene 
Marikapal Member). These rocks would not provide 
a very good seal like shale or claystone, but there is 
still a possibility that the rocks above the limestones 
are impermeable as on the seismic lines the 
reflectors above reefs are often a weak reflectors 
that could indicate beds such as mudstone. 

Miocene Pinnacle Reefs 
 
This petroleum system is considered the most 
significant in the basin as there is an analogue in the 
nearby Salawati Basin that is producing oil and gas 
situated south of SFZ. The potential reservoirs are 
the Miocene pinnacle reefs. Geochemical analyses 
of Salawati oils (and condensates) show that they 
been sourced from marine calcareous shales and 
argillaceous limestone, and one of the possible 
source rocks that would match the geochemical 
analysis is the Klasafet Formation (Upper Miocene) 
which was deposited in the deeper part of the basin. 
Basin modelling of the N-1X well suggested that 
the source rocks all matured during Pliocene time 
(Robinson et al., 1990). In the South Halmahera 
Basin a similar scenario is possible. Interbedded 
Miocene deep marine limestones and mudstones 
within lows surrounding the Miocene reefal 
carbonates could be the potential source rocks for 
this play. These rock layers are overlain by 2s TWT 
of overburden sediments, so there is a possibility 
that the source rock is still immature. Nevertheless, 
the thermal effect of magmatic activity (in this case 
sill emplacement) needs to be considered as one of 
the factors that could influence source rock maturity 
(Fieldskaar et al., 2008). Another potential source 
for this reservoir is the Upper Eocene coals, and 
hydrocarbons could have migrated via thrust faults 
that were activated during the Pliocene in the 
southern sub-basin. If the coals generated 
hydrocarbons prior to or at the time of fault 
activation, there is a greater possibility of 
hydrocarbons migrating to the reservoir. The seal 
rocks are suggested to be mudstones equivalent to 
the Saolat Formation in the SE Arm.  
 
CONCLUSIONS 
 
The South Halmahera Basin formed in the Late 
Eocene in a back arc tectonic setting. It is most 
likely underlain by a basement complex found in 
Halmahera that includes ophiolitic rocks, 
volcaniclastics and limestones. There are three main 
unconformities which mark major tectonic events. 
First, plate reorganization at 45 Ma created the Late 
Eocene unconformity between the basement 
complex and overlying Paleogene syn-rift and later 
arc volcanic sequences. Second, an unconformity of 
Early Miocene age was caused by collision between 
the arc of the Philippine Sea Plate and the northern 
Australian margin from 25 Ma. After the collision, 
the structure of the South Halmahera Basin was 
influenced by activity on the SFZ that bounded the 
basin to the south. Third, a Pliocene unconformity 
marks the beginning of Molucca Sea subduction 



 

beneath the Philippine Sea Plate that began around 
7 Ma. The South Halmahera Basin experienced 
changing basin geometry and depocentre position 
through time. Initially it was an east-west elongate 
basin that extended as far west as Kasiruta Island 
with a depocentre in the SE part of the present day 
basin. After collision, major uplift and the 
development of Miocene reef carbonates caused the 
basin to separate into northern and southern sub-
basins. There are two potential petroleum system 
identified within the basin; they have Eocene coals 
and Miocene deeper marine carbonates and 
mudstones as potential source rocks with Upper 
Eocene reef build-ups and Neogene pinnacle reefs 
as potential reservoirs. 
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Figure 1 -  Location of the South Halmahera Basin between the SW and SE arms of Halmahera in the area 
of Weda Bay (red box). Red triangles show active and Quaternary volcanoes of the Halmahera 
arc. 

 



 

 
 

Figure 2 - Simplified geological map of Halmahera, Gebe, Gag, Waigeo, Obi, Bacan and Kasiruta Islands showing the seismic surveys 96HAL (grey lines) and 
HS09 (black lines). 



 

 
 
Figure 3 -  Tectonic evolution of Halmahera and adjacent areas (indicated by the yellow arrow) modified from Hall (2012). (a) At the end of the Early Eocene, 

the Philippine Sea Plate began to form by spreading, separating Cretaceous arc terranes, and by the Middle Eocene (45 Ma) as Australia began to 
move northwards the South Halmahera Basin was situated in a backarc setting at the southern edge of the Philippine Sea Plate. (b) At the end of the 
Oligocene (23 Ma) the Sula Spur collided with the Sulawesi North Arm volcanic arc marking the beginning of collision of Australia and SE Asia, and 
there was arc-continent collision in eastern New Guinea. The Philippine Sea Plate then began to rotate clockwise with strike-slip motion along the 
northern New Guinea margin. (c) Rotation led to subduction of the Philippine Sea Plate below the Sangihe arc of north Sulawesi, and in the Late 
Miocene eastward subduction of the Molucca Sea Plate below Halmahera began, separating the Molucca Sea Plate from the Philippine Sea Plate. This 
formed the late Neogene Halmahera volcanic arc by 5 Ma. 



 

 
 

Figure 4 -  Main structural features of Halmahera and main strands of the Sorong Fault Zone which 
separates crust of Australian origin and Philippine Sea Plate origin (Ali and Hall, 1995),  

 
 
 
 
 
 



 

 
 
Figure 5 - Correlation of interpreted seismic sequences with Halmahera stratigraphy and main events in the tectonic evolution of Halmahera region. Seismic 

courtesy of Searcher Seismic. 



 

Unit Summary 
Depositional environment & 

equivalent on land 
Seismic Character 

F 

Channels and clear mass transport features (disturbed transparent reflectors, 
duplexes) in the upper part. At the southern side of the basin this unit appears to be 
carbonate platform. Lower part of Unit F can be traced from the basin center into 
the carbonates at the southern basin edge, and onlapping by the upper part of Unit 
F onto probable fore-reef slope facies carbonates and mass transport complexes 
within the upper part indicate a sudden deepening of the basin at a very young age. 

Most likely deep marine 
setting. 
Equivalent: Weda Group and 
Quaternary reef  and volcanic, 
volcaniclastic sediments. 

E 
&  
D 

Unit D is subdivided into two different parts in the northern and southern sub-
basins. Range of time thickness in the depocentre is 0.3 to 0.7s TWT. The lower 
part of this sequence onlaps onto Unit C. In the southern sub-basin Unit D is 
folded. Unit E onlaps folds and is a syn-kinematic sequence. Time thickness is 
very variable especially in the southern area, with range of 0.2 to 0.05s TWT. Top 
of Unit E is the youngest unconformity and is Late Pliocene-Pleistocene. The 
unconformity is an erosion surface on topographic highs, and eroded the older 
Paleogene sediment sequences including Unit B and C. It is mostly underlain in 
highs by carbonate buildups (mounded geometry). The unconformity changes 
gradually into a conformable relationship with older strata towards the basin 
center.  

Deep marine. 
Unit D and E are suggested to 
be  Middle Miocene to 
Pliocene sediments (Weda 
Group) in the northwest area 
with a volcaniclastic source 
from late Neogene volcanoes. 
Probable carbonate sources 
(Saolat Fm) in the east from 
north and south. 

 

C 

Unit C has very strong reflectors at the top and base which in some places has a 
mounded geometry. The time thickness is up to 1.42s TWT. In places these 
limestones continued to grow until the late Neogene, or even until present day (e.g. 
in part of carbonate platform in the southern edge area). This unit also includes 
interbedded limestones and shallow marine clastic rocks in deeper areas. 

Shallow marine carbonates in 
fore-reef facies, reefal buildup 
limestones and pinnacle reefs, 
equivalent to Miocene Subaim 
Fm. 

 

 

B 

Thick well bedded sequence which filled the basin until a major tectonic event 
occurred. The range of time thickness is 0.45 to 2s TWT. The top of Unit B is 
called the Early Miocene unconformity, but there is no obvious change of dip 
below the unconformity horizon in the deeper area. Nevertheless, in several places 
small truncation features can be observed close to the unconformity especially in 
the higher areas at that time. Another feature used to interpret the major 
unconformity is the major change in seismic facies at the top of Unit B which is 
interpreted as a change from deep marine clastic sediments to shallow marine 
limestones. 

Deep water turbidites. 
Equivalent: Oligocene basaltic 
lavas overlain by thick 
volcaniclastic turbidites 
mapped on land over large 
areas of south Halmahera, 
Bacan and Kasiruta. 

A 

Early syn-rift sequence deposits. Time thickness of this unit reaches 1.7s TWT at 
depocentre. It has diversity in its reflection configuration including mounded 
geometries and wavy reflectors (carbonate reefal buildups) and parallel reflectors 
(interbedded limestone, conglomerate, sandstone and coal). This unit is bounded 
by a border fault and onlaps the basement when it is not. The reefal buildup 
carbonates suggest more than one interval of reef development with backstepping 
that indicate transgression during deposition of this unit. 

Deposited in restricted 
shallow marine environment. 
Equivalent: Middle-Upper 
Eocene formations: Paniti and 
Geledongan Fm. 

X 

The effective basement. Top of this unit interpreted as Eocene unconformity 
identified on land. Unit X generally has chaotic reflectors that have poor 
continuity. On some lines, there are strong parallel reflectors near the top of the 
section which become less clear as the section gets deeper. When the parallel 
reflectors are present, they are truncated by an angular unconformity. Younger 
units onlap the top basement.  

Equivalent: Ophiolitic 
Basement Complex of 
Halmahera. 

 
Figure 6 - Summary of seismic stratigraphic units in the South Halmahera Basin. Seismic courtesy of Searcher Seismic. 



 

 
 
Figure 7 -  Halmahera region shown as yellow star on inset maps of tectonic setting (Hall, 2012). (a) Time-

thickness map of Paleogene sediments showing E-W elongated basin suggested to extend west to 
Kasiruta Island. (b) Time-thickness map of lower Neogene carbonates, with distribution of reef 
carbonates similar to those of the Salawati Basin south of the Sorong Fault Zone. (c) Time-
thickness map of upper Neogene sediments, showing two depocentre forming the northern and 
southern sub-basins. (d) Pinnacle reef shown by red circle on map, seismic courtesy of Searcher 
Seismic. (b). (e) Interbedded Oligocene basaltic lavas and pelagic limestones on east coast of 
Kasiruta Island in area shown by purple circle on map (a) and (f) interbedded Oligocene turbidite 
sandstones and debris flows in cliffs of west Halmahera. 

 
 
 



 

 

 
 
Figure 8 -  Uninterpreted and interpreted NW-SE seismic lines from survey HS09 showing similar 

thicknesses of Paleogene sediments in north and south areas, but separation of the South 
Halmahera Basin into northern and southern sub-basins in the late Neogene. Seismic courtesy of 
Searcher Seismic. 

 



 

 
 
Figure 9 -  Uninterpreted and interpreted SW-NE seismic line from survey HS09 crossing the southern late Neogene sub-basin. There is a thick Paleogene 

sequence, interpreted to include shallow marine limestones overlain by volcaniclastic turbidites, which were folded and thrusted in the late Neogene. 
Seismic courtesy of Searcher Seismic. 

 



 

 
 
Figure 10 - Uninterpreted and interpreted NW-SE seismic line from survey HS09 crossing the entire South Halmahera Basin. The northern Neogene sub-basin is 

very diminished in size and the southern sub-basin dominates the section. There are intrusive sills and inclined dykes interpreted from extremely 
bright reflectors, and this magmatic activity is suggested to have been triggered by young deformation of probable strike-slip character that cuts the 
north-central part of the sub-basin. Seismic courtesy of Searcher Seismic. 



 

 
 
Figure 11 - Uninterpreted and interpreted SW-NE seismic line from survey HS09 crossing the late Neogene northern sub-basin. There are NW-SE planar faults 

interpreted to be related to Paleogene back-arc extension. Unit F is interpreted to be dominated by volcaniclastic sediments in the central and SW 
area, which record a flexural response to volcanic loading by the arc to the west, and more faulting in the NE part of the section, possibly reflecting a 
shallower basement and thinner sedimentary cover. Seismic courtesy of Searcher Seismic. 



 

 

 
 

Figure 12 - Summary of petroleum system assessment for the South Halmahera Basin. 


