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It has been proposed that basins in backarc settings form in association with subduction by 
thinning of continental crust, by backarc spreading in oceanic crust, by compression (retro-arc 
basins) or by trapping of pieces of oceanic plate behind an arc. The Halmahera Basin in eastern 
Indonesia developed in a backarc setting but does not fall into any of these categories; it formed 
by subsidence of thickened crust made up of imbricated Mesozoic-Palaeogene arc and ophiolite 
rocks. Halmahera lies at the western edge of the Philippine Sea Plate in a complex zone of 
convergence between the Eurasian margin, the oceanic plates of the West Pacific and the 
Australian-Indian Plate to the south. The basement is an imbricated complex of Mesozoic to 
Palaeogene ophiolite, arc and arc-related rocks. During the Miocene this basement complex 
formed an area of thickened crust on which carbonate reef and reef-associated sediments were 
deposited. We interpret this shallow marine region of thickened crust to be similar to many of the 
oceanic plateaux and ridges found within the Philippine Sea Plate today. In the Late Miocene, 
convergence between the Philippine Sea Plate and the Eurasian margin resulted in the formation 
of the Halmahera Trench to the west of this region of thickened crust. Subduction of the Molucca 
Sea Plate at the trench caused the development of a volcanic island arc. Subsidence in the 
backarc area produced a broad sedimentary basin filled by clastics eroded from the arc and from 
uplifted basement and cover rocks. The basin was asymmetric with the thickest sedimentary fill 
on the western side, against the volcanic arc. The Halmahera Basin was modified in the 
Plio-Pleistocene by east-west compression as the Molucca Sea Plate was eliminated by 
subduction. 
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Introduction 

Backarc marginal basins are thought to form typically 
by trench rollback causing backarc spreading (Dewey, 
1980) and the generation of new crust (Karig, 1971). 
Basins in this setting may also form by the rifting of 
continental crust, for example the Sea of Japan and the 
Okinawa Trough (Kobayashi, 1985), or by the trapping 
of oceanic crust behind an arc (for example, the Bering 
Sea, where no backarc spreading has occurred (e.g. 
Scholl et al., 1986)). The crust underlying marginal 
basins is normally thicker than typical oceanic crust, 
but has an oceanic character (Mitchell and Reading, 
1986). Retro-arc basins (Dickinson, 1974) form as 
compressive foreland basins in continental crust behind 
a continental margin volcanic arc. 

The Halmahera Arc in eastern Indonesia (Figure 1) 
is a volcanic arc resulting from the eastward subduction 
of the Molucca Sea Plate. Unlike many other arcs in the 
western Pacific, the Halmahera Arc is a relatively 
young feature which was initiated in the Late Miocene. 
It is therefore possible to document the evolution of an 
arc and backarc region without the complications of a 
long history of arc-trench tectonics. A thick 
sedimentary sequence accumulated in a sedimentary 
basin behind this volcanic arc during the Late Miocene 
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and Pliocene and this sequence is now partly exposed 
on land as a result of Pliocene or younger uplift and 
deformation. We term this sedimentary basin the 
Halmahera Basin (Figure 2). 

The Halmahera Basin was and is situated in a 
backarc setting, but is not underlain by newly formed 
oceanic crust and does not show the characteristics of a 
retro-arc, foreland-type basin. It formed in the late 
Neogene in an area underlain by anomalously thick 
crust composed of ophiolitic and volcanic arc rocks and 
associated sedimentary rocks. The Halmahera Basin 
formed in such a position because the thickened crust 
influenced the Neogene development of subduction in 
this region (Hall and Nichols, 1990a). Although not 
previously described, backarc basins formed in this 
type of setting may not be unusual. 

The island of Halmahera is an excellent place to 
examine the entire evolution of a young, short-lived 
arc-trench system. In this paper we document the 
Neogene evolution of Halmahera and the adjacent 
offshore areas using new stratigraphic and structural 
data from the region. These data are integrated into the 
regional tectonic framework to illustrate the evolution 
of the Halmahera backarc basin. 
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Geological and tectonic setting 

Halmahera is over 300 km from north to south and 
125 km east to west and has a distinctive K-shape of 
four arms separated by bays (Figure 2). The island is 
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Figure 2 The  m a i n  s t ruc tu ra l  f e a t u r e s  of  s o u t h e r n  H a l m a h e r a  
and  t he  pr incipal  local i t ies  m e n t i o n e d  in t he  text  

totally covered by rainforest and the terrain is generally 
steep and rugged. Because of the difficulties of access 
and the remoteness of the island, Halmahera has 
received relatively little attention. The first 
comprehensive maps showing any degree of detail were 
published by the Indonesian Survey (GRDC) in 1980 
(Apandi and Sudana, 1980; Supriatna, 1980; Yasin, 
1980; Sukamato et al., 1981). The stratigraphy 
established by these authors was revised in subsequent 
papers by Hall (1987) and Hall et al. (1988a, b). In the 
light of new information obtained during fieldwork in 
1987, we are able to present a more detailed 
stratigraphy (Figure 3) and a revised geological map of 
the southern part of the island (Figure 4) which 
supersedes and adds to previously published work. 
Information from a number of multi-channel seismic 
profiles across Weda Bay shot by the IFP (Institut 
Fran~ais du P6trole) has been incorporated together 
with new bathymetric data obtained on cruise CD30 
aboard the Charles Darwin in 1988. 

Recent studies of the tectonic evolution of this area 
(Hall, 1987; Nichols et al., 1990) have shown that 
Halmahera is situated at the southern end of the 
Philippine Sea Plate (Figure 1). The Philippine Trench 
is propagating southwards through this part of the 
Philippine Sea Plate whilst some of the convergence 
between the Philippine Sea Plate and the Eurasian 
margin is transferred through a dextral strike-slip 
system into the Molucca Sea Collision Zone (Nichols et 
al., 1990). Volcanism in the Halmahera Arc (Figure 2) 
is related to subduction at the Halmahera Trench 
(Hatherton and Dickinson, 1969; Katili, 1975) of the 
Molucca Sea Plate (Cardwell et al., 1980; McCaffrey, 
1982). The Halmahera Arc includes a chain of volcanic 
islands offshore western Halmahera and volcanoes in 
the NW arm of the island (Figure 2). To the south, the 
Sorong Fault Zone (Figure 1) is a major sinistral 
strike-slip system which separates this complex zone of 
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Figure 4 Geological map of southern Halmahera based on 
new field data, aerial photographic interpretation and new 
palaeontological data 

E - W  convergence from the Australian Plate and the 
Banda Sea area (Hamilton, 1979). The southern part of 
the island of Halmahera lies adjacent to one of the 
main strands of the Sorong Fault System (Figure 1). 

Pre-Neogene history 
The oldest rocks of eastern Halmahera (Figure 4) are 
ophiolitic rocks (described by Hall et al., 1988a) 
overlain unconformably by the Bull Group which 
consists of Upper Cretaceous to Lower Tertiary 
volcanic and volcaniclastic rocks interpreted as part of a 
forearc sequence (Hall et al., 1988a and new data). 
These ophiolitic and forearc rocks (the Ophiolitic 
Basement Complex) were deformed and imbricated in 
the Late Palaeogene and form the basement to the 
Neogene succession. Oligocene marls and marly 
limestones previously assigned to the Onat Marl 
Formation are exposed in the NE arm where they were 
interpreted to rest unconformably on the Ophiolitic 
Basement Complex (Hall et al., 1988b). These rocks 
have been found in only one small area with no clear 
contact relationships and have not so far proved to be a 
mappable unit. Therefore they are not shown as a 
separate formation on Figure 3. 

The basement of western Halmahera is composed of 
volcanic arc rocks (the Oha Volcanic Formation) which 
are petrographically and chemically similar to the 
volcanic component of the forearc sequences exposed 
on the SE and NE arms. They are typically aphyric 
basaits and basaltic andesites, lacking hornblende 
(Hakim, 1989) and are very different from the 
porphyritic pyroxene and hornblende andesites of 
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Neogene to Recent age. We interpret the Oha Volcanic 
Formation as part of the volcanic arc which supplied 
the forearc sequence of the Buli Group. The Oha 
Volcanic Formation forms mountains along the western 
side of the SW arm extending into central Halmahera. 
Similar rocks are reported from the northern tip of the 
NW arm and Morotai (Supriatna, 1980). 

Neogene stratigraphy 
The new stratigraphy for the Neogene of Halmahera is 
shown in Figure 3. All Miocene limestones are assigned 
to the Subaim Limestone Formation (Hall et al., 
1988a). We have been able to subdivide the Weda 
Formation of Apandi and Sudana (1980), Supriatna 
(1980) and Yasin (1980) into a number of formations 
forming part of a new group, the Weda Group. The 
Weda Group includes the Saolat Marl Formation of 
Hall et al. (1988b). 

The nature of exposure in the heavy rainforest 
terrain of Halmahera is such that it is not possible to 
provide logged sections of all formations or define 
upper and lower boundaries in every case. However, 
the formations are all mappable units with consistent 
lithological characteristics and age ranges. Ages are 
based on determinations of both foraminifera and 
calcareous nannofossils. 

Jawali Conglomerate Formation 
The Jawali Conglomerate Formation is a sequence of 
coarse boulder conglomerates and sandstones up to 
400 m thick interpreted to be fluviatile by Hall et al. 
(1988b). The conglomerates contain abundant clasts of 
ophiolitic material and are exposed in river sections at 
the southern end of the NE arm. The Jawali 
Conglomerate Formation rests directly on the 
Ophiolitic Basement Complex and is conformably 
overlain by the Subaim Limestone Formation 
(Miocene). 

G e m a f  Conglomerate Formation 
At the western end of the SE arm near Sagea (Figures 2 
and 4) dark sands and conglomerates are well exposed 
along the coast and patchily exposed inland. They are 
composed dominantly of serpentinite and weathered 
ultramafic material with rare clasts of gabbro and red 
chert. The conglomerates are well bedded with very 
well sorted, well rounded clasts. They are interbedded 
with well sorted sandstones which are typically lithic 
arenites made up of grains of serpentinite with small 
amounts of chrome spinel and rare chert. 

The Gemaf Conglomerate Formation is interpreted 
as having been deposited in a littoral environment on 
the basis of the very well rounded nature of the clasts 
(at all sizes) and the very good sorting of the material 
into beds of different grain sizes; there are no signs of 
channelling and graded beds are rare. The very 
restricted clast types indicate that the material was 
derived from a terrain of ophiolitic material. No fauna 
have been found in the present study. Brouwer (1923) 
describes a thick bed of limestone with a Late 
Oligocene-Early Miocene fauna, including benthonic 
foraminifera, resting on conglomerate beds from a 
locality near Sagea. His description implies that the 
limestone bed is conformable with the conglomerate 
sequence and his map (Brouwer, 1923, Kaart 1) shows 

this limestone as Aquitanian. We interpret this 
sequence as a conformable transition to the Subaim 
Limestone Formation. 

Subaim Limestone Formation 
The Subaim Limestone Formation was defined by Hall 
et al. (1988b) as a sequence of reef and reef-associated 
limestones found in outcrops along the NW side of the 
NE arm. Further extensive areas of outcrop of this 
formation occur in central Halmahera and in the 
southern and eastern parts of the SE arm where it may 
be up to 500 m thick. On the SW arm similar 
limestones occur in a small outlier above older rocks 
and as clasts in younger sedimentary rocks. Where the 
base of the Subaim Limestone Formation is seen, it is 
either an unconformable contact with the Ophiolitic 
Basement Complex or a conformable transition from 
conglomerates which rest directly on the Ophiolitic 
Basement Complex. The oldest limestones above the 
unconformity are Early Miocene, and none are 
younger than Late Miocene-Early Pliocene. The 
contact with the overlying Saolat Formation in the SE 
arm is transitional. Rocks of the Saolat Formation 
immediately above the Subaim Limestone Formation 
also yield Late Miocene-Early Pliocene ages. Work is 
in progress to obtain better stratigraphic resolution but 
at present we consider the Subaim Limestone 
Formation to be entirely restricted to the Miocene. 

In most exposures, the limestones are thickly bedded 
packstones and wackestones of foraminifera, 
bryozoans, echinoderms, molluscs, corals, coralline 
algae and lamellar algae. True coral boundstones have 
not been found in the SE arm, although there are 
examples of algal boundstones. There are rare clastic 
horizons of lithic arenites in the central fold and thrust 
belt of Halmahera. The abundance of bioclastic debris 
suggests that, in general, these limestones were 
deposited off a reef, probably in a fore-reef setting. 

L o k u  Formation 
In the western part of the SW arm sedimentary rocks of 
the Loku Formation are exposed in areas between the 
regions of the Oha Volcanic Formation which form the 
highest parts of the arm. These sedimentary rocks 
include breccio-conglomerates, well bedded sand- 
stones, silty mudstones and redeposited limestones. 
The conglomerates are disorganised, matrix-supported 
and form beds up to 10 m thick. Some of the clasts are 
volcanic and volcaniclastic rocks containing pyroxene- 
and horneblende-andesite debris; such andesites are 
typical of the Neogene sequences and mineralogically, 
chemically and texturally similar to the Pleistocene and 
present day volcanic rocks of the Halmahera volcanic 
arc (Hakim, 1989). There are also abundant clasts with 
a shallow marine fauna which are reworked from 
Lower, Middle and Upper Miocene limestones 
together with semi-lithified calcareous mudstones with 
late Late Miocene-Early Pliocene nannofossils and 
foraminifera. These beds have the characteristics of 
debris flows. The finer sedimentary rocks of the Loku 
Formation occur mainly in decimetre thick, normally 
graded units; these beds have sharp bases and may 
include a lag of mud-chip conglomerate. Full Bouma 
sequences are rare, but the general character of these 
beds indicates deposition as turbidites. Nannofossil 
ages from the mudstone beds which do not contain 
reworked fossils indicate a Late Miocene age for the 

Marine and Petroleum Geology, 1991, Vol 8, February 53 



Backarc setting basin formation and sedimentation: G. 
Loku Formation. In the type area of the formation near 
Loku (Figure 2) and to the north along the western side 
of the SW arm this formation is tightly folded, with 
locally overturned fold limbs, about steeply dipping, 
N-S  axial planes. The repetition of the formation by 
these folds makes estimation of the thickness of the 
formation difficult, but a total thickness of at least 
1000 m is considered likely. 

Weda Group 
This thick sequence of Neogene sedimentary rocks fills 
the Halmahera Basin. They are exposed in the SW 
arm, in the central part of the SE arm, in the fold belt 
of central Halmahera and along the north side of the 
NE arm (Figure 4). Most of this outcrop area was 
formerly assigned to the Weda Formation by Apandi 
and Sudana (1980), Supriatna (1980) and Yasin (1980). 
However, detailed aerial photographic interpretation 
of southern Halmahera shows that the sedimentary 
rocks can be subdivided on the basis of the character of 
the topography. Traverses across the SW arm and the 
southern side of the SE arm showed that units mapped 
from aerial photographs could be recognised on the 
ground by their distinctive lithological characteristics 
and are formations, although boundaries are 
transitional. 

Superak Formation 
The Superak Formation rests unconformably on the 
Oha Volcanic Formation in central Halmahera. In the 
SW arm it overlies the Loku Formation; the contact 
may be an unconformity or a fault. Two members are 
recognised: a conglomeratic member which 
predominates in the north of the outcrop area and a 
sandy member which is more common in the south. 
The conglomerate member is exposed in an extensive 
area in the northern part of the SW arm where it is at 
least 1000 m, and may be over 1500 m, thick. The type 
section is in the Superak River in the northern part of 
the SW arm (Figure 2). The conglomerates exposed are 
normally graded, or occasionally reverse graded, with 
beds ranging from 0.5 m to several metres in thickness. 
Clast-supported beds of moderately rounded pebble 
and cobble conglomerates form most of the sequence, 
but some of the thicker beds locally include more 
angular clasts and boulders up to 4 m in diameter. The 
bases of the beds are generally sharp and erosional with 
clear channel forms evident in places. They grade 
locally into pebbly sandstones which contain plant 
fragments, benthonic foraminifera and fish otoliths. 
Volcanic rocks, reworked sandstones and, to a lesser 
extent, coral limestones, are the principal clast types. 
The volcanic clasts include abundant aphyric basalts in 
the lower part of this formation; porphyritic andesite 
clasts become more common upwards (Nichols et al., 
1991). The aphyric basalt clasts are mineralogically, 
texturally and chemically (major, trace and rare earth 
elements) very similar to the Oha Volcanic Formation, 
whereas the porphyritic andesite clasts closely resemble 
Neogene-Recent  volcanic rocks (Hakim, 1989). 

The sandier outcrops of the Superak Formation in 
the southern half of the SW arm are rhythmically 
bedded, sharp-based and sharp-topped beds of 
sandstone and siltstone. The sandstones are medium to 
very coarse in grain size and contain abundant 
bioclastic and plant material; mud clasts are common, 
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forming beds of intraformational mud-chip 
conglomerates with a sandy matrix. These sandstones 
are composed predominantly of volcanic lithic clasts, 
plagioclase feldspar and foraminifera in variable 
proportions in a carbonate mud matrix. 

The sedimentary features of the conglomerate 
member indicate deposition by channellised traction 
currents. A subaerial environment can be ruled out 
because the conglomerates are commonly interbedded 
with sandstones containing a fully marine fauna. A 
fan-delta setting is interpreted for the conglomerate 
member whereas the sandy member is considered to be 
a lateral equivalent deposited in a shallow marine 
setting. Almost all samples of fine grained material 
from this formation yield ages, based on both 
nannofossils and microfossils, within the late Late 
Miocene-Early Pliocene. However, one sample 
(HG 102) from the headwaters of Air Gola (Figure 4) 
yielded a Late Miocene age based on nannoflora. 

Akelamo Formation 
The type area of the Akelamo Formation is in the 
valley of the Kali Akelamo, in the centre of the SW arm 
(Figure 2); here, and in further outcrops at the northern 
end of this arm, the formation is poorly and patchily 
exposed in areas of subdued, often almost flat, 
topography. The total thickness of the Akelamo 
Formation is about 500 m. It consists of thickly bedded 
calcareous mudstones with little internal structure. 
Wood, leaf and other plant debris are abundant in 
some exposures and concretionary iron oxides form 
nodules in places. Nannofossils from several samples 
indicate a Late Miocene-Early Pliocene age, with one 
sample indicating a specific Late Miocene age on the 
basis of the presence of a small number of Discoaster cf. 
neorectus. Fully marine conditions close to a source of 
terrigenous plant material are indicated by the fossil 
content. The exclusively fine nature of the sediments 
indicates that the areas of deposition were sheltered 
from sources of clastic input which formed coarser 
deposits in the laterally equivalent Dufuk Formation. It 
is clearly conformable with the Superak Formation in 
the type area. 

Dufuk Formation 
This formation of sandstones and mudstones with rare 
conglomerate beds has its type area in the Dufuk River 
in the northern part of the SW arm (Figure 2). The 
thickness in the type area and in other sections is at 
least 1000 m and may be around 1500 m. Where the 
basal contact is seen it is conformable with the 
underlying Superak Formation. Clast-supported 
conglomerates occur mainly in the lower part of the 
sequence; they form beds less than a metre thick 
containing well sorted pebbles of volcanic rocks and 
intraformational sandstones and mudstones, in a sandy 
matrix. The bases are erosional and have a channel-fill 
form in places. The sandstones are greenish in colour, 
and contain gastropods, small bivalves, foraminifera 
and abundant plant material. They occur in centimetre 
to decimetre beds which locally show a normal grading 
from a sharp base. Sedimentary structures are 
moderately common with parallel lamination and 
several instances of decimetre-scale trough 
cross-bedding. Low angle cross-stratification and ripple 
cross-lamination are also found. Bioturbation is 
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common; vertical Skolithos traces up to 20 cm long mix 
lithologies between layers, Chondrites and other 
horizontal forms can be seen on some bedding surfaces. 

The sandstones are typically rich in plagioclase 
feldspar, bioclastic debris, carbonaceous material and 
lithic clasts. The lithic fragments are principally 
porphyritic andesites which are texturally and 
chemically similar to the volcanic rocks of Late 
Neogene age (Hakim, 1989); packstones and 
wackestones of coral debris are also present. The 
depositional features indicate a shallow marine 
environment supplied with sediment from a vegetated 
volcanic terrain. Determinations of the nannofossils 
and foraminifera from samples of the Dufuk Formation 
indicate a Late Miocene-Early Pliocene age range but 
four samples from the SW arm indicate ages not older 
than Early Pliocene. 

Gola Formation 
Although this formation occurs over a very large area 
of the SW arm, exposure of the Gola Formation is very 
poor because the topography is low and there are no 
deeply incised valleys. The type section is in the valley 
of the Air Gola in the southern half of the SW arm 
(Figure 2). The principal lithology is a very pale grey 
calcareous mudstone with variable proportions of silt 
and clay in different beds. Fine shelly material is 
abundant. All the exposures are more indurated than 
mudstones of other formations in the Weda Group. 
The karstic character of the Gola Formation seen on 
aerial photographs indicates that it is calcareous 
throughout. The formation is at least 300 m thick; 
neither upper or lower contacts are seen. 

Lithologies include foraminiferal wackestones 
containing some fine carbonaceous material and very 
small amounts of siliciclastic debris (corroded 
plagioclase feldspars). Nannoflora from samples 
collected in Air Gola indicate a late Late 
Miocene-Early Pliocene age range but also include 
reworked Cretaceous and Early-Middle Miocene 
forms. The foraminifera found in the same section 
indicate a Pl iocene-Recent  age. The age of the 
formation is therefore considered to be Early Pliocene. 
The depositional environment was fully marine, with 
the small amounts of siliciclastic detritus indicating that 
it was remote from any terrigenous source. 

Saolat Formation 
The type area for the Saolat Marl Formation, defined 
by Hall et al. (1988b), is on the NE arm of Halmahera 
near the southern end of Kau Bay. Similar sequences of 
grey marls are exposed within a large area of the SE 
arm and are assigned to the same formation. In the SE 
arm there are some beds of sandstone and 
conglomerate within the marls, so the earlier name has 
been amended to 'Saolat Formation'. The stratigraphic 
position and ages of these rocks indicate that the Saolat 
Formation is coeval with the Weda Group formations 
exposed in western Halmahera. The thickness is 
estimated to be in excess of 1000 m. 

The Saolat Formation has been examined in five 
parts of the outcrop area in the SE arm (Figure 2). 
There is a remarkable consistency in the facies in these 
exposures, which are spread over a large area. The 
carbonate mudstones are pale grey, well bedded in 
centimetre to decimetre thick, structureless or normally 
graded units: the bedding is picked out by variations in 

the concentrations of bioclastic debris and 
carbonaceous detritus (mainly leaf debris). They are 
locally intensely bioturbated, with both vertical and 
horizontal traces resulting in mixing between layers. 
The mudstones are rich in planktonic foraminifera, and 
some of the 'sandier' mudstones are foraminiferai 
wackestones or packstones. One sample from Air 
Mdolf indicates a Late Miocene age. Foraminifera and 
calcareous nannofossils from all other exposures in the 
SE arm indicate a Late Miocene-Pliocene age range. 
Sandstones previously assigned to the Wasile 
Sandstone Formation (Hall et al., 1988b) and here 
included as part of the Saolat Formation yield Pliocene 
ages. We therefore interpret the Saolat Formation to 
extend in age from the Late Miocene to the Early 
Pliocene. 

Near Waleh, in the middle of the southern side of the 
SE arm (Figure 2), very much coarser limestones are 
exposed as thick fining-up sequences of beds of 
calc-lithic rudites and arenites. The basal beds are 
chaotic breccio-conglomerates containing bioclastic 
limestone clasts with sharp erosive bases; these pass up 
into fine conglomerates and then sandstones of the 
same material overlain by carbonate mudstones. This 
sequence is considered to be the result of individual 
mass-flow events which interrupted the otherwise quiet 
conditions of sedimentation. 

Black conglomerates and sandstones occur as highly 
distinctive beds amongst the carbonate mudstones on 
the coast near Waleh and in a section of the Air Mdolf 
at the eastern end of the SE arm (Figure 2). The 
conglomerates form beds up to 0.5 m thick, they are 
well sorted and made up of well rounded clasts of 
serpentinite with rare clasts of gabbro, red chert and 
grey intraformational limestone. The sandstones are 
lithic arenites, composed of serpentinite grains (in 
some cases exclusively), opaque minerals, chrome 
spinel and variable proportions of bioclastic 
(foraminiferal) debris; clastic material which could be 
derived from Neogene volcanic sources is notably 
lacking in the Saolat Formation. The sandstones have a 
matrix of carbonate mud or are cemented by sparry 
calcite. They are moderately to well sorted, laminated 
and occur in centimetre to decimetre thick beds. At 
Waleh, the sandstones have sharp-based beds which 
show parallel lamination in the lower part and wave 
ripples at the top. The symmetrical ripple forms are 
draped by carbonate mudstones. The roundness of the 
conglomerate clasts, sorting of the clastic material and 
the presence of wave ripples are very strong evidence 
for a shallow marine to littoral environment of 
deposition for these clastic units. 

Undifferentiated Weda Group 
Upper Miocene-Lower Pliocene and Pliocene rocks 
are exposed in a N-S  belt across central Halmahera 
(Figure 4). In this region the rocks are folded into tight, 
upright or west-verging folds with approximately N-S  
axes to form the central fold and thrust belt of 
Halmahera which separates the western and eastern 
provinces of the island. A variety of lithologies are 
exposed, principally calcareous sandstones, mudstones 
and thin-bedded limestones. These closely resemble 
rocks of the Weda Group in the SW arm and 
petrographic examination indicates a similar source 
area (Nichols et aI., 1991). This area is mapped as 
undifferentiated Weda Group because the tight folding 
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and the nature of the exposure in this belt preclude 
division of the sequence into separate formations. The 
previously defined Tapaya Volcanic Formation (Hall et 
al., 1988b) is tightly folded and is here included with 
the undifferentiated Weda Group of the Central Zone. 
These rocks are Pliocene in age and a N20/N21 
(Mid-Late Pliocene) date reported by Hall et al. 
(1988b) from one sample provides the best constraint 
on the age of the post-Weda Group deformation event. 

P l i o c e n e - P l e i s t o c e n e  volcanic  rocks  

At the northern end of the SW arm there are exposures 
of laminated siltstones, bedded sandstones and pebbly 
sandstones made up largely of very fresh volcanic 
detritus. These rocks contain a rich ichnofauna of 
Rhizocorallium and Chondrites, and plant fragments 
are common in some layers. These characteristics 
suggest a shallow marine environment near to a source 
of abundant volcanic material. The rocks are 
petrographically different from other arenites in the 
Weda Group; they contain biotite and quartz and 
abundant lithic volcanic grains including pumice and 
quartz-biotite dacite clasts. Because of these 
differences we assign them to a separate formation, the 
Kulefu Formation, with a type section on the island of 
Kulefu in Weda Bay (Figure 2). In the Pajahe area 
rocks assigned to the Kulefu Formation rest 
unconformably on the folded rocks of the Weda 
Group. No fauna has been found in the Kulefu 
Formation. At the north end of the Central Zone, 
volcaniclastic rocks and pyroxene andesites of the 
Tafongo Formation (Hall et al., 1988b) dip at a low 
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angle and a tuff intercalation is reported to contain a 
Pleistocene fauna (Apandi and Sudana, 1980). 

Seismic  reflection profiles 

Seismic reflection profiles covering the Weda Bay area 
(Letouzey et al., 1983) consist of five widely-spaced 
lines shown in Figure 5. Our preliminary interpretation 
of these has identified four seismo-stratigraphic units 
(A-D)  above the basement. The highest unit (A) is a 
package of sediments which are considered to represent 
Quaternary deposition in the bay. In the centre of 
Weda Bay, unit A is consistently between 250 and 
500 m thick (assuming a seismic velocity of 1.8 km -~ s 
for soft calcareous sediments). Unit A is thinner close 
to the margins of the bay except near the tip of the SE 
arm where slumping, probably associated with active 
faulting along the north side of the bay, has occurred. 
Areas of non-deposition and erosion are found 
associated with active faults near the Widi Islands on 
the south side of the bay. 

Beneath a reflector which marks the base of unit A 
there is a unit of variable thickness (B) which occurs 
everywhere except in the regions of faulting and 
erosion on the northern and southern margins of Weda 
Bay. The seismic character of unit B suggests that it is a 
heterolithic sequence of mudstones, sandstones and 
carbonates. Using an average seismic velocity of 
2.0 km -1 s, the distribution of unit B on the profiles 
suggests a general thickening from the northern and 
southern edges of the basin towards a depocentre 
mid-way between the tip of the SW arm and Gebe 
where there is up to 2 km of unit B (Figures 5 and 6). 
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Figure  6 In terpre ta t ion  of  mu l t i -channe l  se ismic  l ine PAC313, located on Figure 5. Uni t  A is cons idered to be Quate rnary  deposi ts,  
Uni t  B the Late M i o c e n e - P l i o c e n e  Weda Group,  Uni t  C is the Miocene Suba im L imestone Format ion  and Unit  D is a sequence of  
layered sed iments  of  u n k n o w n  af f in i t ies preserved in a fau l t  block in the basement  

We interpret unit B as equivalent to the Late 
Miocene-Pl iocene  sediments of the Weda Group. At 
the base of unit B is the strongest consistent reflector 
observed on the profiles. Unit C has a consistent TW T 
of between 0.5 and 1 second (Figure 6) and its base is 
marked by another  strong reflector. These 
characteristics are consistent with an interpretation of 
unit C as sediments equivalent to the Subaim 
Limestone Formation.  In the parts of the profiles where 
the lower parts of the section can be interpreted,  unit C 
either lies directly on a homogenous basement,  or on a 
sequence of well stratified older deposits (unit D) in the 
centre of the bay (Figure 6). These stratigraphic 
features also support the identifications of unit C as the 
Subaim Limestone Formation. 

Thickness variations in unit D suggest deposition 
during a rifting phase. Assuming unit C is the Subaim 
Limestone Formation,  unit D must be pre-Miocene in 
age. Unit D could be equivalent to rocks of the Bull 
Group,  as in places in the SE arm these rocks are not 
strongly deformed.  However ,  this sequence could also 
represent post-Buli Group and pre-Subaim Limestone 
Formation rocks which have not been found on 
Halmahera.  If the interpretation of the ages of units 
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F igure  7 Map  of  the  genera l  facies and e n v i r o n m e n t  re lat ion- 
ships fo r  the  Late M iocene  to  Pl iocene Weda Group sed imen ta ry  
rocks of  the Ha lmahera  Basin 

A - D  is correct there is little evidence of important 
Neogene extension in the Weda Bay area. 

Basin evolution 

Stage 1. Pre-Neogene 
The evidence that we have obtained from eastern and 
western Halmahera suggests that eastern Halmahera is 
underlain by a basement complex including Eocene and 
older rocks. The basement complex includes ophiolitic 
rocks, and Late Cretaceous to Eocene arc volcanic, 
volcaniclastic and sedimentary rocks of the Buli Group. 
We interpret the Oha Volcanic Formation,  which forms 
the basement of western Halmahera,  to be the volcanic 
arc which supplied debris to the forearc sequence of the 
Buli Group. These rocks were deformed and uplifted 
before the end of the Palaeogene. 

The fluviatile and littoral conglomerates of the Jawali 
and Gemaf  Conglomerate Formations indicate that 
most of the eastern Halmahera was close to or above 
sea level by the beginning of the Miocene. Our 
interpretation of the Weda Bay seismic profile, which is 
that the Subaim Limestone Formation extends all the 
way across Weda Bay, implies that the whole of the 
southern Halmahera region was close to sea level. 

Stage 2. Early-Mid Miocene 
The Jawali Conglomerate Formation in the north and 
the laterally equivalent Gemaf  Conglomerate Forma- 
tion further south pass up into the Subaim Limestone 
Formation. In other areas reef and reef-associated 
carbonate sediments of the Subaim Limestone 
Formation were deposited directly on the basement 
rocks. Miocene limestones extend from Morotai 
(Figure 2) in the north (Supriatna, 1980), across eastern 
and southern Halmahera,  at least as far as Waigeo and 
the Bird's Head of Irian Jaya (Visser and Hermes,  
1962), indicating that the Miocene was a period of quiet 
stable conditions over a wide area of eastern Indonesia. 

The thickness of the Miocene limestone is fairly 
uniform across Halmahera and there are no apparent 
structural controls on the distribution of this unit, with 
the possible exception of parts of the SW arm where 
Miocene limestone is now absent. 

Stage 3. Late Miocene 
In the Late Miocene eastward subduction of the 
Molucca Sea Plate began at the Halmahera Trench 
resulting in the formation of the Halmahera Volcanic 
Arc. This event is dated by the appearance of fresh 
andesitic detritus in the Late Miocene sedimentary 
rocks of Halmahera and implies that subduction began 
earlier than previously suggested by Hall (1987). 

In the western part of the SW arm submarine debris 
flows and turbidites of the Loku Formation are thought 
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to rest unconformably on the Oha Volcanic Formation. 
The Loku Formation contains andesite debris and 
clasts of reworked Lower, Middle and Upper Miocene 
limestones. The Loku Formation ~s therefore 
interpreted to indicate major uplift of a shallow water 
limestone region at the same time as the volcanic arc 
began its activity. This uplift was accompanied by 
significant subsidence with the eroded material 
deposited as debris flows and turbidites on a submarine 
slope or in deep water. Limited palaeocurrent evidence 
from the turbidite sequence suggests west-directed 
transport of sediment. 

On the eastern side of the SW arm and in central 
Halmahera the Superak Formation rests directly on the 
Oha Volcanic Formation and is a shallow marine 
sequence of conglomerates and sandstones. The 
distribution of the coarser material clearly indicates a 
source in the region of the western part of central 
Halmahera (Figure 7). The lower part of the Superak 
Formation contains common aphyric basaltic clasts 
interpreted to be derived from the Oha Volcanic 
Formation. Fresh pyroxene and hornblende andesite 
debris dominates the clastic component in rocks of the 
Weda Group (Nichols et al., 1991) and is interpreted 
to be derived from the active late Neogene volcanic arc. 

In eastern Halmahera reef-associated limestones of 
the Subaim Limestone Formation pass up into shallow 
marine, but probably deeper, marls and foraminiferal 
limestones of the Saolat Formation. The minor 
siliciclastic component was derived exclusively from the 
Ophiolitic Basement Complex. 

We suggest that the Loku Formation represents 
slope sedimentation close to the active arc, possibly in 
the forearc, whereas the Superak Formation represents 
coeval sedimentation close to the arc, but in the 
backarc. The area of eastern Halmahera lay in the 
backarc but too distant from the arc to receive arc 
volcanic debris. The sediments of the Halmahera Basin 
were deposited in this backarc setting. 

Stage 4. Late Miocene-Ear ly  Pliocene 
In the western part of the Halmahera Basin the 
Superak Formation is overlain by shallow marine 
deposits of the Akelamo, Dufuk and Gola Formations. 
We estimate the total thickness of the Weda Group in 
the SW arm to be between 2800 and 3800 m. Overall, 
the amount of clastic input from the arc decreased with 
time and the sequence becomes finer grained and richer 
in carbonate up-section. This may in part reflect 
decreased volcanic activity. In the eastern part of the 
backarc, marl and limestone deposits of the Saolat 
Formation continued to accumulate throughout this 
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period. Andesitic volcanic debris is absent in the Saolat 
Formation, although clastic material was eroded from 
uplifted blocks of the Ophiolitic Basement Complex 
and carbonate reefs. The total thickness of the Saolat 
Formation is probably between 1000 and 1500 m. 

Stage 5. M i d - L a t e  Pliocene 
The Weda Group was deformed after the Mid-Late  
Pliocene (N20/N21). It appears that volcanic activity 
may have been renewed at about this time, and briefly 
changed character. In the Central Zone Pliocene rocks 
of the Weda Group contain an increasing amount of 
volcanic debris up-section (Hall et al., 1988b) and are 
tightly folded. In some parts of the northern SW arm 
the Kulefu Formation rests unconformably on folded 
Weda Group rocks and includes unusual dacitic crystal 
and lithic debris. 

Basin formation and geometry 

Important uplift and subsidence of western Halmahera 
began in the late Late Miocene (c. 8 Ma). Uplift of the 
volcanic basement was quickly followed by subsidence 
and deposition of at least 1000 m of submarine slope 
deposits (the Loku Formation) on the western side of 
the SW arm. The Loku Formation contains volcanic 
debris typical of the Neogene volcanic arc and 
reworked Miocene limestones suggesting derivation 
from the east; palaeocurrent indicators also suggest 
westward transport. We interpret the Loku Formation 
as probable forearc deposits. 

In the same Late Miocene interval shallow water 
sediments of the Superak Formation were deposited on 
the eastern side of the SW arm. These are the first 
deposits of the Halmahera Basin. At least 2800 m of 
shallow marine deposits form the Weda Group which 
fines up from fan-delta conglomerates to sandstones, 
mudstones and limestones. In the eastern part of the 
Halmahera Basin there is no unconformity between the 
Miocene Subaim Limestone Formation and the Weda 
Group which is represented by the shallow marine 
deposits of the Saolat Formation. The Saolat 
Formation is at least 1000 m thick. The Mio-Pliocene 
sequence interpreted from the seismic sections across 
Weda Bay is up to 2000 m, but typically about 1000 m 
thick. The basin was hence markedly asymmetric, with 
the greatest thickness of sediment adjacent to the 
Halmahera Arc on the western side of the basin 
(Figure 8). As the Miocene limestone represents an 
approximate sea level datum and covers the whole 
area, this indicates that subsidence was asymmetric. 
The evidence of a shallow marine environment of 
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deposition for almost all the Weda Group sedimentary 
rocks indicates that subsidence continued into the 
Pliocene. 

Andesitic volcanic rocks are abundant as clasts in the 
Upper Miocene to Pliocene sequence of the SW arm. 
These volcanic clasts are different from the basaltic 
volcanic rocks forming the basement of the western 
part of the island (Hakim, 1989). The andesite clasts 
are petrographically and chemically similar to volcanic 
rocks of the present Halmahera Arc. The appearance 
of these clasts low in the Weda Group indicates that the 
Halmahera Arc was active by late Late Miocene times 
and that subduction at the Halmahera Trench must 
have commenced prior to 8 Ma. This is earlier than 
suggested by Hall (1987) and Hall et al. (1988b). We 
consider the uplift of the western side of Halmahera 
and the subsidence of the backarc region to be 
intimately related to the development of the 
Halmahera Trench and volcanic arc. The Halmahera 
Basin therefore formed by asymmetric subsidence of 
the backarc region (Figure 8). 

The western side of the basin must have been 
subsiding faster and receiving more sediment than the 
eastern side of the basin. The Halmahera Basin was 
actively subsiding from the Late Miocene until some 
time in the Mid-Late  Pliocene, a period of up to 6 My. 
During this interval the western side of the basin, 
adjacent to the arc, subsided at least 2 .8km, 
representing an average subsidence rate of at least 
47 cm per 1000 y. Subsidence rates for the eastern part 
of the basin, about 100 km from the arc, were 
approximately 17-34 cm per 1000 y. 

The provenance of material is different on the 
western and eastern sides of the basin. The western side 
of the basin was supplied with clastic debris from the 
volcanic basement and active volcanic arc but lacks 
material derived from the Ophiolitic Basement 
Complex. In contrast, the eastern side of the basin 
contains abundant ophiolitic debris and lacks debris 
from the Halmahera Arc. Local uplift of the Ophiolitic 
Basement Complex in the eastern part of the basin is 
indicated by the ophiolitic debris found in littoral 
sediments of the Saolat Formation. At present there 
are blocks of Ophiolitic Basement Complex on the 
southern side of the SE arm bounded by faults trending 

WNW-ESE and offshore there are basement blocks 
bounded by steep faults with a similar orientation. The 
uplift of these blocks may be associated with E - W  
shortening, with the E S E - W N W  faults acting as lateral 
ramps to thrusts, but there is no other evidence 
confirming Mio-Pliocene thrusting in this part of the 
basin. 

Plio-Pleistocene modification of the basin 
In central Halmahera Late Miocene to Pliocene 
sedimentary rocks are deformed in a N - S  trending fold 
and thrust belt. Further to the east the Miocene Subaim 
Limestone Formation was thrust westwards over the 
younger Saolat Formation (Figure 4). Structural 
relationships indicate that at least 60 km of E - W  
shortening has occurred in central and eastern 
Halmahera. In the SW arm of the island the 
superposition of gently-dipping sediments of the 
Superak Formation on tightly folded rocks of the Loku 
Formation suggests that there is a thrust between these 
two units. This thrust may be the southward extension 
of one of the major thrusts of the central fold and thrust 
belt. East-west shortening across the island is related 
to subduction of the Philippine Sea and Molucca Sea 
Plates (Hall and Nichols, 1990a) and the development 
of the Molucca Sea Collision Zone (Silver and Moore, 
1978; Moore and Silver, 1983). 

The thrusting in southern Halmahera and continued 
uplift along the line of the Halmahera Arc, have 
exposed Weda Group sedimentary rocks on land, 
whereas in Weda Bay there is evidence of recent 
subsidence. The deepest part of Weda Bay is almost 
2000 m below sea level (Figure 9) and is an area 
hounded to the north and south by steep submarine 
scarps. These scarps have a WNW-ESE trend and 
recent bathymetric profiles across Weda Bay obtained 
on cruise CD30 of the research vessel Charles Darwin 
(Masson, 1988) indicate that they are active faults 
(Figure 9). These faults are parallel to a prominent 
structural trend identified in southern Halmahera and 
the adjacent region (Nichols et al., 1990). They are 
considered to be sinistral faults which are splays off the 
Sorong Fault to the south (Hall and Nichols, 1990b). 
These faults control the form of the present day 
depocentre in Weda Bay. 
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Figure 9 (A) The bathymetry of Weda bay (compiled from GEBCO Indonesian hydrographic survey charts and Charles Darwin cruise 
data). (B) Bathymetric profile across Weda Bay (Charles Darwin Cruise data) 
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Discussion 

Unlike many other arcs in the western Pacific, the 
Halmahera Arc is a relatively young feature, formed as 
a consequence of eastward subduction of the Molucca 
Sea Plate beneath a part of the Philippine Sea Plate. It 
is hence possible to document the evolution of an arc 
and backarc region without the complications of a long 
history of arc-trench tectonics. 

The region east of the Halmahera Arc is apparently 
not a 'typical' backarc region. The crust is not normal 
oceanic crust, but is a complex of ophiolitic and island 
arc igneous rocks and related forearc sediments which 
were imbricated together and uplifted in the Late 
Palaeogene. The Halmahera basement resembles ridge 
and plateau regions within the Philippine Sea Plate 
(Hall and Nichols, 1990a). In the north part of the 
Philippine Sea Plate the Daito Ridge province, 
including the Oki-Daito and Daito Ridges, and the 
Amami Plateau, have been interpreted as remnant arcs 
(Murachi et al., 1968; Karig, 1975; Shiki et al., 1977; 
Mizuno et al., 1978; Klein and Kobayashi, 1981; Lewis 
et al., 1982; Tokuyama et al., 1986) and continental 
fragments (Nur and Ben-Avraham, 1982). Such ridge 
and plateau regions or other regions of anomalously 
thick crust may play an important role in the evolution 
of convergent plate boundaries in oceanic regions (Nur 
and Ben-Avraham, 1982; Hall and Nichols, 1990a). As 
they are crustal edifices several kilometres higher than 
normal oceanic crust, they will not be subducted easily 
and may cause either the direction of subduction to 
reverse or the subduction zone to step out around the 
plateau. Similarly, a propagating trench system will 
take a path around such a plateau or ridge rather than 
through it. It is therefore to be expected that these 
thickened crustal fragments will eventually lie on the 
arc side of a trench and form part of the backarc region. 

Basins may form in backarc regions by a variety of 
mechanisms and we prefer to use the term backarc 
basin in a purely descriptive, rather than genetic, sense. 
The Neogene Halmahera Basin formed in backarc 
setting and is therefore a type of backarc basin; it is a 
backarc basin formed by subsidence in a region of 
thickened crust. Some distinctive characteristics of this 
basin are: (1) Shallow marine sedimentary rocks rest 
directly on arc-related and ophiolitic basement rocks. 
Prior to basin initiation the region was at, or close to, 
sea level. (2) Shallow marine sedimentation persisted 
throughout the basin history. Subsidence was 
continuous and the rate of sediment supply never 
exceeded the rate of subsidence. (3) The basin has an 
asymmetric profile with the greatest subsidence on the 
side adjacent to the volcanic arc. (4) Clastic input came 
from the active volcanic arc and uplifted parts of the 
basement. Some of this uplift is related to the initiation 
of the arc (on the arc side of the basin). (5) Different 
parts of the basin have different and distinctive 
provenances. Clastic debris from the active arc 
dominated on the arc side of the basin but large areas of 
the basin did not receive detritus from this source. 

This type of basin differs from other basins in 
backarc settings as follows: (1) There is no indication of 
the formation of new oceanic crust by backarc 
spreading. (2) There is no evidence for continental 
crustal basement in the backarc region. (3) There is no 
evidence that subsidence was related to crustal 
extension. (4) There is no evidence for thrusting before 
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or dur ing sedimentat ion. Thrust ing,  unrelated to arc 
evolut ion,  occurred after basin format ion and was 
directed towards the volcanic arc. 

Basin development was coeval with and dependent 
on volcanic arc development. Basins of the Halmahera 
type will form where a subduction zone develops 
adjacent to a region of thickened crust and the 
characteristics outlined above distinguish these basins 
from backarc basins formed by the generation of new 
crust and from retro-arc basins formed by foreland-type 
thrust tectonics behind an arc. 
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