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Abstract: The Eurasian margin in SE Asia is a geologically complex region situated at the edge of
the Sundaland continent, and is mainly within Indonesia. The external margins of Sundaland are
tectonically active zones characterized by intense seismicity and volcanic activity. The region is
an obvious modern analogue for older orogens, with a continental core reassembled from blocks
rifted from Gondwana, and surrounded by subduction zones for much of the Mesozoic and Ceno-
zoic. It is a mountain belt in the process of formation, and contains many features typically associ-
ated with older Pacific margin orogens: there is active subduction, transfer of material at subduction
and strike-slip boundaries, collision of oceanic plate buoyant features, arcs and continents, and
abundant magmatism. The orogenic belt surrounds Sundaland and stretches from Sumatra into
eastern Indonesia and the Philippines. The orogen changes character and width from west to
east. Its development can be tectonically described only in terms of several small plates and it
includes several suture zones. The western part of the orogenic belt, where the Indian plate is sub-
ducted beneath continental crust, is a relatively narrow single suture. Further east the orogenic belt
includes multiple sutures and is up to 2000 km wide; there is less continental crust and more arc and
ophiolitic crust, and there are several marginal oceanic basins. The orogen has grown to its present
size during the Mesozoic and Cenozoic as a result of subduction. Continental growth has occurred
in an episodic way, related primarily to arrival of continental fragments at subduction margins,
after which subduction resumed in new locations. There have been subordinate contributions
from ophiolite accretion, and arc magmatism. Relatively small amounts of material have been
accreted during subduction from the downgoing plate. In eastern Indonesia the wide plate boundary
zone includes continental fragments and several arcs, but the arcs are most vulnerable to destruc-
tion and disappearance. Rollback in the Banda region has produced major extension within the col-
lision zone, but future contraction will eliminate most of the evidence for it, leaving a collage of
continental fragments, similar to the older parts of Sundaland.

The Eurasian SE Asian margin (Fig. 1) surrounds
Sundaland, which is the continental core of SE
Asia (van Bemmelen 1949; Katili 1975: Hamilton
1979; Hutchison 1989) and forms the southern
part of the Eurasian plate. Sundaland is bordered
to the west, south and east by tectonically active
regions characterized by intense seismicity and vol-
canic activity (Fig. 2). This tectonically active zone
is effectively a mountain belt in the process of for-
mation, and contains many of the features typically
thought to be associated with accretionary orogens:
there is active subduction, transfer of material at
plate boundaries, examples of collision with buoyant
features on oceanic plates, arcs and continents, and
abundant magmatism.

The present orogenic belt is situated at the junc-
tion of three major plates: the Eurasian, Indian–
Australian and Pacific–Philippine Sea plates
(Fig. 3). It surrounds Sundaland and stretches from
Sumatra to the Philippines via eastern Indonesia. It
changes character and width from west to east and
is composed of different segments or sutures with
different character. Gordon (1998) suggested that

regions of deforming lithosphere, which he called
diffuse plate boundaries, are in this region typically
about 200 km wide except in east Indonesia where
the deforming lithosphere may be as wide as
1000 km; McCaffrey (1996) reached a similar con-
clusion. The boundary between the Eurasian and
Indian plates in western Indonesia is a relatively
narrow zone of deformation at the active subduction
margin extending from Sumatra to Java, which is
now a continent–ocean boundary. East of Java
and Borneo, the region is a wide and complex
suture zone up to 2000 km wide, and even today
can be tectonically described only in terms of
several small plates and multiple subduction zones
(Hamilton 1979; Hall & Wilson 2000; Hall 2002).
In the east there is some continental crust but
much more arc and ophiolitic crust compared with
western Indonesia.

The SE Asian accretionary orogen has grown to
its present size during the Mesozoic and Cenozoic
(Fig. 3) and is therefore a useful comparison for
older and longer-lived accretionary orogens, in
terms of assessing the processes that formed them,
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the roles of different tectonic processes in crustal
growth, and the amount of crustal growth. To
make this assessment for the SE Asian accretionary
orogen the principal tectonic elements of the oro-
genic belt are first identified and a brief history of
each of the sutures is given. Then the growth of
the orogen is considered, and its possible future
development, leading to some conclusions of rel-
evance for older orogenic belts.

Major structural elements of the region

At present the contrast between intense tectonic
activity, manifested by seismicity and volcanism,
at the margins of Sundaland and the apparent stab-
ility of its interior is striking. To describe the oro-
genic belt and discuss its Cenozoic development
the region is here subdivided into a Sundaland con-
tinental core, surrounded by a number of different
segments or sutures (Hall & Wilson 2000), each
with different characteristics (Fig. 3). To the south

and SW there is subduction of oceanic crust of
the Indian plate at the Sunda and Java trenches,
below the Sunda Arc (Fig. 2), and there is a rela-
tively narrow plate boundary zone, here named
the Sunda Suture, at the ocean–continent boundary
that extends from Sumatra through Java into
west Sulawesi. To the north of the Sundaland core
is the Borneo Suture, which is situated at the
political border of Indonesia with Malaysia and
extends into the Philippines. There was active sub-
duction at this boundary during the Eocene and
Oligocene, and continent–continent collision in
the Early Miocene. To the east of Sundaland is a
complex region of continent–continent collision in
the Sulawesi Suture, arc–continent collision in
the Banda Suture, and arc–arc collision in the
Molucca Suture. Hall & Wilson (2000) identified a
Sorong Suture, which is characterized by strike-slip
faulting and is here grouped with the Molucca
Suture. These will arguably all be part of a single
orogenic belt, which will remain after Australia–
Eurasia collision is completed.

Fig. 1. Geography of SE Asia and surrounding regions. O symbols, volcanoes from the Smithsonian Institution, Global
Volcanism Program (Siebert & Simkin 2002); bathymetry is simplified from the GEBCO (2003) digital atlas.
Bathymetric contours are at 200, 1000, 3000 and 5000 m.
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Fig. 2. The major volcanic arcs of the SE Asian margin between Sumatra and the southern Philippines.
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Fig. 3. (a) Principal tectonic features of the SE Asian accretionary orogen. The various suture zones within the orogenic belt are shown in orange. The area commonly considered
to form the Mesozoic Sundaland continental core is outlined; the southern boundary is usually drawn at the limits of Cretaceous continental crust inferred by Hamilton (1979)
shown in Figure 4. (b) The late Mesozoic and Cenozoic growth of the SE Asian accretionary orogen. It is suggested here that Sundaland grew in the Cretaceous by the addition of two
main fragments: SW Borneo and east Java–west Sulawesi. In the Early Miocene new continental crust was added to Sundaland by collisions in Borneo and east Indonesia.
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Fig. 3. (Continued).
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Sundaland core

Sundaland comprises Indochina, the Thai–Malay
Peninsula, Sumatra, Java, Borneo, and the shallow
marine Sunda Shelf (Fig. 1), and formed an
exposed landmass during the Pleistocene. Most of
the shelf is flat and extremely shallow, with water
depths considerably less than 200 m. The interior
of Sundaland is largely devoid of seismicity and vol-
canic activity, in marked contrast to its margins.
Seismicity (Cardwell & Isacks 1978; Engdahl
et al. 1998) and global positioning system (GPS)
measurements (Rangin et al. 1999; Michel et al.
2001; Bock et al. 2003; Simons et al. 2007) indicate
that a SE Asian or Sunda microplate is currently
moving slowly relative to the Eurasian plate. The
Sunda Shelf is widely regarded as a stable area
(e.g. Geyh et al. 1979; Tjia 1992) and sea-level
data from the region have been used in construction
of global eustatic sea-level curves (e.g. Fleming
et al. 1998; Bird et al. 2007) despite evidence of
very young faulting and vertical movements (e.g.
Bird et al. 2006). Sundaland is often described as
a shield or craton (e.g. Ben-Avraham & Emery
1973; Gobbett & Hutchison 1973; Tjia 1996;
Barber et al. 2005) and there is a widespread mis-
conception that Sundaland was a stable area during
the Cenozoic. Some workers wrongly consider
Sundaland to have been a rigid plate in the Cenozoic
(e.g. Davies 1984; Replumaz & Tapponnier 2003;
Replumaz et al. 2004) that rotated clockwise as a
block during the last 8–10 Ma (e.g. Rangin et al.
1999) or over a longer period (Replumaz et al.
2004). However, the character of the Sundaland
deep crust and mantle is very different from nearby
continental regions and from cratons (Hall &
Morley 2004; Hyndman et al. 2005; Currie &
Hyndman 2006). Unlike the well-known shields or
cratons (e.g. Baltic, Canadian, African, Australian)
Sundaland is not underlain by a thick cold litho-
sphere that was stabilized in the Precambrian. The
region has been very far from stable (Hall &
Morley 2004) and it cannot have behaved as a
single rigid block during most of the Cenozoic;
the considerable evidence for a heterogeneous
pattern of subsidence and elevation requires a
much more complex tectonic model for the region
with significant internal deformation of Sundaland
(Hall 1996, 2002; Hall et al. 2008).

During the Late Palaeozoic and Mesozoic Sun-
daland grew by the addition of continental frag-
ments rifted from Gondwana (Metcalfe 1990,
1996). There was amalgamation of continental
blocks during the Triassic Indosinian orogeny, and
during the Permo-Triassic stages of suturing there
was extensive granite magmatism from Thailand
to Malaya, associated with subduction preceding
collision, and with post-collisional thickening of

the continental crust (Hutchison 1989, 1996).
Sundaland was part of Eurasia by the Early
Mesozoic and since then has been largely emergent
or submerged to very shallow depths. The boundary
of the Sundaland continental core is commonly
drawn to include part of west Borneo (Fig. 3) and
the southern boundary follows the limits of Cretac-
eous continental crust interpreted by Hamilton
(1979) from offshore drilling in the Java Sea
(Fig. 4). In west Borneo the oldest rocks known
are Palaeozoic metamorphic rocks intruded by
Mesozoic granites (Tate 1996, 2001) in the Schwa-
ner Mountains, and there are Devonian limestones
as river boulders in east Kalimantan (Sugiaman &
Andria 1999); detrital zircons derived from west
Borneo indicate a Proterozoic continental basement
(van Hattum 2005; van Hattum et al. 2006) similar
to that inferred beneath the Malay peninsula
from isotopic studies (Liew & McCulloch 1985;
Liew & Page 1985).

The Mesozoic stratigraphic record is limited but
suggests that much of Sundaland was emergent.
Mesozoic terrestrial deposits are found throughout
Sundaland whereas marine deposits are rare. Some
continental fragments may have been added to
Sundaland during the Cretaceous, separated by gen-
erally poorly exposed sutures that include Mesozoic
ophiolitic and arc igneous rocks. The Luconia block
is north of the Kuching zone of Hutchison (2005)
which may mark a subduction margin continuing
south from East Asia at which ophiolitic, island
arc and microcontinental crustal fragments were
added during the Mesozoic from Asia as there are
rocks with Cathaysian affinities (Williams et al.
1988, 1989; Hutchison 2005). SW Borneo (Metcalfe
1990) may be another continental block that arrived
in the Early Cretaceous, with a suture between the
older part of Sundaland that runs south from the
Natuna Islands (Fig. 2) where there are ophiolites.
The Cretaceous granites in the Schwaner Mountains
(Williams et al. 1988) and western Sarawak (Tate
2001) have been interpreted as the product of
Andean-type magmatism but they are far from any
possible subduction zones to the west and south.
Granite magmatism might be explained as the
product of flat-slab subduction from the west or
south, but the positions of the Cretaceous arcs of
southern Sundaland are well known in Sumatra,
Java and SE Borneo (Hamilton 1979; Parkinson
et al. 1998; Barber et al. 2005) and are outboard
of the granites. If SE Sundaland in Borneo was
rotated by 908 from its present position, as suggested
by palaeomagnetism (e.g. Fuller et al. 1999) it is
possible the granites could be part of an east-facing
Andean margin that continued south from South
China. Cretaceous granites are known in North
China but it is still debated if they were products
of a subduction margin (e.g. Lin & Wang 2006;
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Li & Li 2007; Yang et al. 2007). In South China acid
magmatism ceased at the beginning of the Cretac-
eous (Sewell et al. 2000), and a younger Cretaceous
granite belt equivalent to that in North China either
does not exist or is offshore where there is currently
no evidence for its existence. It is therefore very
speculative if an Andean margin continued for at
least another 2000 km further south into Borneo
from North China, or even if such an Andean
margin existed in the west Pacific. A simpler expla-
nation is that the granites are products of collisional
thickening. Further north in Sundaland Cretaceous
granites have been interpreted as the products of
continental collision (Barley et al. 2003). It is
suggested here that Cretaceous granites of Borneo
and the Sunda Shelf represent post-collisional mag-
matism following Cretaceous accretion of the SW
Borneo continental fragment or the East Java–
West Sulawesi continental fragment (see below).

The Sundaland Cretaceous active margin (Fig. 4)
is interpreted to have run the length of Sumatra

into west Java and then turned NE into SE
Borneo (Hamilton 1979) as suggested by the distrib-
ution of Cretaceous high-pressure–low-temperature
subduction-related metamorphism (Miyazaki et al.
1998; Parkinson et al. 1998). West Sulawesi and
east Java are now also known to be underlain in
part by Archaean continental crust, and geochemis-
try and zircon dating indicates derivation of this
crust from the Australian margin (Bergman et al.
1996; Elburg et al. 2003; van Leeuwen et al.
2007; Smyth et al. 2007) and probable collision in
the Cretaceous. Subduction ceased beneath Java in
the Late Cretaceous following this collision
(Smyth et al. 2007).

Little is known of the Late Cretaceous and
Palaeocene history because of the paucity of sedi-
mentary rocks of this age on land or offshore. By
the beginning of the Cenozoic there was probably
a passive margin on the south side of Sundaland,
and possibly active margins, with uncertain polarity,
to the west and east. During the Cenozoic,

Fig. 4. Inferred position of the Late Jurassic and the Early Cretaceous Sundaland margin, adapted in part from Hamilton
(1979), Parkinson et al. (1998) and Smyth et al. (2007). A suture between pre-Cretaceous Sundaland and the SW Borneo
block is assumed to be present beneath the Sunda Shelf. Its position is uncertain. The extent and boundaries of the
Cathaysian Luconia block are also uncertain. The youngest Cretaceous suture runs from Java and through the Meratus
Mountains of SE Borneo, and to the south and east of this is a continental fragment derived from western Australia
(Smyth et al. 2007).
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subduction around Sundaland, from Borneo to the
Sunda Arc, via Sulawesi, the Banda Arc and the
Moluccas, added to the core that had been con-
structed in the Mesozoic. The Cenozoic histories
of the various sutures within the orogenic belt are
summarized below; more detailed explanations,
with an animated reconstructions, have been given
by Hall (2002).

The Sunda Suture

The Cenozoic Sunda Arc formed on the southern
side of the continental region formed by amalgama-
tion of Gondwana fragments in the Mesozoic and is
the product of subduction of the Indian–Australian
plate beneath Sundaland. Subduction began in the
early Cenozoic.

The Sunda Arc has been active since the Early
Cenozoic, although opinions differ on the timing
of subduction initiation (e.g. Hamilton 1988; Hall
2002; Crow 2005; Garwin et al. 2005; Whittaker
et al. 2007). Typically, plate-tectonic reconstruc-
tions (e.g. Hall 1996, 2002; Metcalfe 1996; Barber
et al. 2005) have assumed subduction at the Sunda
Trench before 45 Ma, but there is little direct evi-
dence to support this assumption. From Sumatra to
Sulawesi the southern part of Sundaland was prob-
ably entirely emergent during the Late Cretaceous
and Early Cenozoic and there was widespread
erosion; throughout the region the oldest Cenozoic
rocks rest unconformably on Cretaceous or older
rocks. In Java, there is no evidence to support the
interpretation of Whittaker et al. (2007) of subduc-
tion beneath the Sunda Arc during the Late Cretac-
eous and Early Cenozoic (Smyth et al. 2007),
although there may have been some volcanic
activity in south Sumatra (Crow 2005), Sulawesi
(van Leeuwen 1981) and Sumba (Burollet & Salle
1981a; Abdullah et al. 2000). In west Sulawesi,
the oldest Cenozoic sedimentary rocks rest in
places on poorly dated volcanic rocks that may be
Cretaceous or Palaeocene (Calvert & Hall 2007).
It is suggested here that collision of continental frag-
ments at the Sunda Trench in the Late Cretaceous
terminated subduction until the Eocene.

From the Middle Eocene there was widespread
extension and basin formation. In Sumatra the
Palaeogene arc was in a similar position to older
subduction arcs (McCourt et al. 1996; Crow 2005)
but in Java it formed well to the south of the young-
est Cretaceous active margin, which extended from
west Java, through central Java, to the Meratus
Mountains of SE Borneo (Hamilton 1979; Parkin-
son et al. 1998). Volcanic activity began from
Sumatra to Sulawesi after about 45 Ma, when Aus-
tralia began to move northwards relatively rapidly
as the rate of Australia–Antarctica separation
increased. In Sumatra volcanic activity became

widespread from the Middle Eocene (Crow 2005).
Recent work in Java suggests that subduction
resumed in the Middle Eocene, forming a volcanic
arc that ran the length of Java (Hall et al. 2007;
Smyth et al. 2007). Further east, rifting had begun
in the Makassar Straits by the Middle Eocene and
there was calc-alkaline magmatism in parts of
west Sulawesi, interpreted to be subduction-related
(Polvé et al. 1997) and representing the continuation
of the Sunda Arc from Sumatra and Java. The geo-
logical evidence from Sumatra, Java and Sulawesi
suggests that there was a passive margin at the
southern edge of Sundaland during the Late Cretac-
eous and Early Cenozoic, and subduction resumed
only when Australia began to move north in the
Eocene.

Since the Eocene there has been continuous sub-
duction of ocean lithosphere beneath the Sunda Arc.
During the Eocene and Oligocene, from Sumatra to
Sulawesi, abundant volcanic activity accompanied
northward subduction of the Indian–Australian
plate. In the Java–Sulawesi sector of the Sunda
Arc volcanism greatly diminished during the Early
and Middle Miocene although northward subduc-
tion continued. This diminution in volcanic activity
is not evident in Sumatra although there may have
been a period of reduced volcanic activity in the
Late Miocene (Crow 2005). The decline in magma-
tism between Java and Sulawesi, despite continued
subduction, is interpreted as the result of subduction
hinge movement preventing replenishment of the
mantle wedge (Macpherson & Hall 1999, 2002).
Following Australian continental collision in east
Indonesia (Fig. 5), the Sunda subduction hinge
advanced northwards as Borneo rotated counter-
clockwise (Fuller et al. 1999). At the end of the
Middle Miocene at about 10 Ma volcanic activity
resumed in the Java–Sulawesi sector of the Sunda
Arc, after the termination of Borneo–Java rotation.
In Java the new arc formed in a position north of the
Palaeogene arc. Since the Late Miocene there has
been thrusting and contractional deformation in
Sumatra and Java, which may be related to arrival
of buoyant features at the trench or increased coup-
ling between the overriding and downgoing plates,
or both.

Borneo Suture

Northern Borneo records a collision between the
extended passive continental margin of South
China and an active margin on the northern side of
Sundaland (Rangin et al. 1990; Tan & Lamy 1990;
Tonkgul 1991; Hazebroek & Tan 1993; Hutchison
et al. 2000; Hutchison 2005). Collision began in
the Early Miocene after Eocene–Oligocene subduc-
tion of the proto-South China Sea (Fig. 5). East of
Borneo, the continent–continent collision suture
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Fig. 5. Reconstructions of SE Asia at 25 and 5 Ma modified from Hall (2002). At 25 Ma collision was about to begin at
the Borneo Suture as the Proto-South China Sea was eliminated by subduction beneath north Borneo, and at the
Sulawesi Suture as the Sula Spur collided with the Sunda Arc in east Sulawesi. At 5 Ma collision between the Sangihe
and Halmahera Arcs in the Molucca Suture was about to begin, as the Molucca Sea was eliminated by subduction.
Rollback of the subduction hinge south of Sulawesi into the Banda embayment caused extension within the orogen and
the development of new young oceanic crust in the North and South Banda basins. Collision between the Banda volcanic
arc and the Australian continent was about to begin in East Timor.
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passes into an arc–continent collisional suture
between the Neogene Cagayan arc and the
Palawan sector of the South China rifted margin.

In north and east Borneo the basement is predo-
minantly ophiolitic and mainly of Cretaceous age.
In north Borneo possible older crust is indicated
by K–Ar dating of igneous and metamorphic
rocks (Reinhard & Wenk 1951; Dhonau &
Hutchison 1966; Koopmans 1967; Leong 1974),
which could be deformed ophiolitic rocks. The
ophiolitic rocks are intruded by diorites and gran-
ites, which resemble plutonic rocks of a Mesozoic
intra-oceanic arc (Omang & Barber 1996; Hall &
Wilson 2000). The ophiolite–arc complex was
emplaced before the Eocene (Omang & Barber
1996).

At the beginning of the Cenozoic the Borneo part
of eastern Sundaland was separated from South
China by the proto-South China Sea. In north
Borneo deep marine sediments of the Upper
Cretaceous–Eocene Rajang Group form much of
the Central Borneo Mountains and Crocker
Ranges interpreted as an active (Haile 1969, 1974;
Hutchison 1973, 1989, 1996; Hamilton 1979;
Holloway 1982; Williams et al. 1988, 1989) or
passive margin (Moss 1998). This depositional
phase was terminated by uplift and deformation
in the Sarawak orogeny (Hutchison 1996). As
explained above, passive margins around Sundaland
before 45 Ma is the interpretation favoured here,
implying that this orogeny marks the initiation of
subduction of the proto-South China Sea beneath
northern Borneo, rather then a collisional event.
From the Eocene there was an accretionary margin
in north Borneo with subduction towards the SE.
The Rajang Group is unconformably overlain by
Eocene to Lower Miocene Crocker turbidites
(Hutchison 1996). The Crocker Fan (Crevello
2001; van Hattum et al. 2006) is the largest
volume of Palaeogene sediment in a single basin
in SE Asia with a thickness that may locally
exceed 10 km (Collenette 1958; Hutchison 1996).
Crocker Fan deposition terminated in the Early
Miocene as the thinned passive margin of South
China underthrust north Borneo during the Sabah
orogeny (Hutchison 1996) forming the major Top
Crocker Unconformity (TCU) of van Hattum et al.
2006).

After the collision there was a significant change
in the character of sedimentation around Borneo.
Large amounts of clastic sediments began to pour
into the deep basins to the north and east of the
island and major delta systems formed, which pro-
graded rapidly away from the island. Since the
Early Miocene collision Borneo has continued to
rise and shed vast amounts of sediment into the
deep basins in and around the island, filling pre-
existing accommodation space in the South China

Sea, Celebes Sea and Makassar Straits margins
(Hall & Nichols 2002; Hall & Morley 2004), and
new accommodation space related to Sulu Sea
extension and flexural loading, supplied from
erosion of the central Borneo highlands to the
south and west. In north Borneo marginal and
shallow marine sediments were deposited uncon-
formably upon the older accretionary complex
rocks on land. Offshore the sequences above the
TCU include shelf and delta deposits, turbidites
and debris flows (Sandal 1996; Petronas 1999;
McGilvery & Cook 2003). Since the end of the
Miocene there has been emergence, uplift and exhu-
mation of NE Borneo.

There was little Cenozoic plutonic magmatism
but north Borneo includes the highest mountain in
SE Asia, the 4100 m granite peak of Mt Kinabalu
(Fig. 1). The cause of Kinabalu melting is uncertain.
A geochemical study (Vogt & Flower 1989)
argued that the composite body could be the
product of multiple intrusions with separate
sources, or remelting of underplated basic lower
crust that produced and mixed with silicic melts,
modified by fractional crystallization. Subduction
of the proto-South China Sea was suggested as
the cause of melting. However, it is now known
that melting post-dated the end of subduction by
more than 10 Ma. K–Ar dating has yielded a
range of ages to 14 Ma (Jacobson 1970; Bellon &
Rangin 1991; Swauger et al. 2000) but thermochro-
nological work currently in progress at Royal Hollo-
way University of London (M. A. Cottam &
C. Sperber, pers. comm.) indicates a crystallization
age of 7–8 Ma. Chiang (2002) suggested fluid-
absent melting of arc-like lower crust as a result of
collisional thickening after subduction ceased.
After melting the body was emplaced at 3–10 km
in the crust (Vogt & Flower 1989). Reconnaissance
fission-track data indicate 4–8 km of Late Miocene
denudation throughout the Crocker Range (Hutchison
et al. 2000) Thermochronological work in progress
indicates Pliocene exhumation of Kinabalu and
young elevation of the mountain to several kilometres
above sea level (C. Sperber, pers. comm.).

The rapid exhumation on land was accompanied
offshore by shelf edge progradation and by folding
and thrusting, including inversion of growth struc-
tures (Morley et al. 2003), and by repeated failure
of the shelf producing deep-water debris flows,
which continues to the present (McGilvery &
Cook 2003). The cause of deformation is uncertain.
Geochemistry of Sabah volcanic rocks (Chiang
2002) indicates a change in mantle source character
of melts in the Pliocene. The similarity in timing of
the end Miocene emergence, the deformation, and
the regional change in magmatic character, suggests
a deep cause such as lithospheric delamination.
The melting and rise of Kinabalu could be due to
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loss of a lithospheric root or breakoff of a subducted
slab (van de Zedde & Wortel 2001). Mantle tom-
ography (Bijwaard et al. 1998) shows a poorly
resolved high-velocity anomaly beneath north
Borneo, which could be a detached root or slab.
There is no evidence for young plate convergence
at the north Borneo continental margin, and the
deformation and exhumation are interpreted here
as a gravity-driven response to loss of a lithospheric
root.

Eastern Indonesia: Sulawesi Suture

Sulawesi contains a complex record of multiple tec-
tonic events at the Cenozoic eastern Sundaland
margin that are still poorly understood; they
include rifting, arc activity, ophiolite emplacement,
microcontinental collisions and strike-slip faulting.

At the beginning of the Cenozoic Borneo and
west Sulawesi formed the eastern part of Sundaland
(Katili 1978; Hamilton 1979) following the Cretac-
eous collisions of Gondwana fragments. The base-
ment in these areas includes Mesozoic continental
metamorphic rocks and ophiolites. West Sulawesi
then separated from east Borneo by rifting that
began in the Middle Eocene (Situmorang 1982a, b;
Hall 1996; Moss et al. 1997; Guntoro 1999;
Calvert & Hall 2007) and led to formation of the
Makassar Straits. The cause of rifting is not
known; Hall (1996) and Fraser & Ichram (2000)
proposed that rifting developed as the spreading
centre of the Celebes Sea propagated into the
Makassar Straits, suggesting a link to marginal
basin formation in the west Pacific. It may also be
a consequence of back-arc extension of the Sunda
margin associated with development of the Ceno-
zoic Sunda Arc.

Debate continues about whether the crust
beneath the Makassar Straits is oceanic (e.g. Cloke
et al. 1999; Guntoro 1999) or continental (e.g.
Burollet & Salle 1981b; Situmorang 1982a, b).
Hamilton (1979) showed a spreading centre extend-
ing all the way down the straits. However, recent
studies based on new seismic data suggest attenu-
ated continental rather than oceanic crust in both
the deeper north and shallower south Makassar
Straits (Nur’Aini et al. 2005; Puspita et al. 2005).
After rifting the Sulawesi side of the Makassar
Straits was a passive margin with Eocene and
Oligocene shelf carbonate and mudstone deposition
during the Eocene and Oligocene, and an elevated
but low continental area to the east. Further
east was a boundary with the northward-moving
Australian plate, which was a strike-slip and
subduction boundary, now largely destroyed by
subsequent deformation. In SW Sulawesi there
was a Palaeogene arc that represents the eastern
continuation of the Sunda Arc.

During the Early Miocene a promontory of the
Australian margin, the Sula Spur, collided with the
eastern end of the Sunda Arc, causing ophiolite
emplacement in SE Sulawesi (Fig. 5). The ophio-
lites of east, SE and SW Sulawesi represent a
forearc, subduction zone and oceanic area between
Sundaland and the Australian plate (Silver et al.
1978, 1983a; Mubroto et al. 1994; Wijbrans et al.
1994; Monnier et al. 1995; Parkinson 1998a, b).
Since the Early Miocene other fragments of conti-
nental crust have been sliced from the Bird’s Head
microcontinent and transported west along the
Sorong fault system to collide with Sulawesi.

Sulawesi is far from adequately understood and
has a complex history still to be completely unra-
velled. The deep Gorontalo Bay and Bone Gulf
(Fig. 2) are enigmatic features between the arms
of Sulawesi, which may be the product of Mio-
Pliocene extension. Recent work (van Leeuwen &
Muhardjo 2005; van Leeuwen et al. 2007) in north
and west Sulawesi suggests Miocene core complex
metamorphism, and there are rapidly exhumed
upper mantle and lower crustal rocks (Helmers
et al. 1990) in the Palu–Koro region, where there
are also recently exhumed young granites (Priadi
et al. 1999; Bellier et al. 2006) and active faulting
(Sukamto 1973; Tjia 1973; Stevens et al. 1999;
Beaudoin et al. 2003).

Geological mapping, palaeomagnetic investi-
gations and GPS observations indicate a complex
Neogene history of deformation in Sulawesi inclu-
ding extension, block rotations, and strike-slip
faulting accompanying uplift and exhumation
(e.g. Silver et al. 1983b; Surmont et al. 1994;
Vigny et al. 2002). During the Pliocene the char-
acter of sedimentation across the whole of
western, central and eastern Sulawesi changed sig-
nificantly. Compressional deformation began at
the beginning of the Pliocene (Fig. 5), partly as
result of the collision of the Banggai–Sula
Block and east Sulawesi, causing contraction and
uplift throughout Sulawesi, and in particular the
rise of mountains in west Sulawesi (Calvert
2000; Calvert & Hall 2007). The compressional
episode formed a fold–thrust belt in western
Sulawesi which has since propagated westwards
into the north Makassar Straits (Puspita et al.
2005). Convergence continues in northern
Sulawesi at the present day. There is subduction
of the Celebes Sea to the south beneath the
north arm of Sulawesi, and subduction on the
opposite side of the north arm at its eastern end
of the Molucca Sea towards the west. However,
there is no volcanic activity as a result of subduc-
tion of the Celebes Sea, and the few volcanoes at
the east end of the north arm represent the last
stages of volcanism caused by subduction of the
Molucca Sea.
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Eastern Indonesia: Banda Suture

The Banda Arc is the horseshoe-shaped arc that
today extends east from Flores to Buru, passing
through Timor and Seram, and includes both an
outer non-volcanic arc and an inner volcanic arc.
It is an unusual region of major extension that devel-
oped within the collision zone after Australia–
Sunda Arc collision began. It formed by subduction
of an oceanic embayment within the northward-
moving Australian plate (Hamilton 1979; Hall
1996, 2002; Charlton 2000) as a result of subduction
hinge rollback following collision.

After the Eocene the Sunda Arc can be traced
east through Sulawesi into the Pacific arcs of the
east Philippines and Halmahera. Remnants of the
Palaeogene Sunda Arc are found in the uppermost
nappes of Timor and in other Banda islands where
there are Cenozoic volcanic rocks and ophiolitic
rocks formed above a north-dipping subduction
zone. The first collision of Australian crust
with SE Asia began in the Early Miocene (Fig. 5).
This caused the long Sunda–east Philippines–
Halmahera subduction system to separate into two
parts. West of Sulawesi, northward subduction con-
tinued beneath the Sunda Arc, but to the east subdu-
ction ceased, and the Australia–Philippine Sea plate
boundary became a strike-slip system (Hall 2002).
Between the two, Australia–SE Asia convergence
formed a mountain belt in east Sulawesi.

By the late Middle Miocene, at about 12 Ma,
convergence in east Sulawesi could no longer be
accommodated by orogenic contraction. At this
time the oldest oceanic lithosphere in the Indian
Ocean, of Jurassic age, arrived at the eastern end
of the Java Trench. This area of old crust north of
the NW Shelf of Australia formed an embayment
in the Australian margin, the proto-Banda Sea. A
tear developed at the northern edge of the embay-
ment, which propagated east. Because of its age
and thickness, the Jurassic ocean lithosphere fell
away rapidly, causing the Banda subduction hinge
to roll back very rapidly to the south and east, indu-
cing massive extension in the overlying plate. In
western Sulawesi this induced extensional magma-
tism, which began at about 11 Ma (Polvé et al.
1997). As the hinge rolled back into the Banda
embayment (Fig. 5) it led to formation of the
Neogene Banda Volcanic Arc and opening of
the North Banda Sea, the Flores Sea and later the
South Banda Sea (Hinschberger et al. 2001, 2003,
2005).

The amount of rollback was limited by the size
of the embayment south of the Bird’s Head micro-
continent. Rollback resulted in collision at about
3 Ma of the Banda Volcanic Arc with the Australian
margin in the region of Timor (Audley-Charles
2004). After collision, convergence and volcanic

activity ceased in the Timor sector although volca-
nic activity continued to the west and east. New
plate boundaries developed north of the arc
between Flores and Wetar and to the north of the
South Banda Sea associated with subduction
polarity reversal (Price & Audley-Charles 1987).
The subduction hinge has now reached the
continent–ocean boundary at the margins of the
embayment. The large region of extension is now
contracting. At the southern margins of the Bird’s
Head microcontinent there has been significant
shortening and intra-continental subduction within
the last 3 Ma south of the Seram Trough (Stevens
et al. 2002; Pairault et al. 2003).

East Indonesia: Molucca Suture

In the northern part of eastern Indonesia the
Halmahera and Sangihe arcs (Fig. 2) are the only
arcs in the world currently colliding. The Sangihe
Arc is arguably on the outermost edge of Sundaland
and can be traced from Sulawesi northwards into the
Philippines; the deepest parts are built on oceanic
crust. The modern Halmahera Arc is constructed
on older arcs, of which the oldest known is an
intra-oceanic arc formed in the Pacific in the
Mesozoic (Hall et al. 1988, 1995b) presumably
built on older oceanic crust. Both of the currently
active arcs formed during the Neogene. The
Molucca Suture differs from other parts of the
Sundaland margins in the absence of continental
crust. There are a few slivers of continental crust
caught up in the Sorong fault zone, at its southern
end, but they are very small.

The Sangihe Arc is constructed on Eocene
oceanic crust (Evans et al. 1983) and formed near
the Sundaland margin in the Early Cenozoic (Hall
2002). Before the Eocene the location of the
Halmahera Arc is not well known; at 45 Ma it was
at equatorial latitudes (Hall et al. 1995a) far out in
the western Pacific on the southern margin of the
Philippine Sea plate. Between 45 and 25 Ma the
Philippines–Halmahera Arc developed above a
north-dipping subduction zone where there was
subduction of Indian–Australian lithosphere north
of Australia as Australia moved north (Hall 1996,
2002; Hall & Spakman 2002).

At about 25 Ma (Fig. 5) there was arc–continent
collision between the east Philippines–Halmahera
Arc and northern Australian margin in New
Guinea that terminated northward subduction of
oceanic lithosphere north of Australia (Hall et al.
1995a, b). The Philippine Sea plate rotated clock-
wise and moved northwards after the collision. A
major strike-slip boundary developed in northern
New Guinea and arc terranes were translated west-
wards within the left-lateral Sorong fault zone. At
the western end of the fault system there was

R. HALL362



subduction beneath the Sangihe Arc and collisions
in Sulawesi of fragments sliced from New Guinea.

Initiation of east-directed Halmahera subduction
probably resulted from locking of strands of the
left-lateral Sorong fault zone at the southern edge
of the Molucca Sea as a result of collisions in
Sulawesi. The present-day Molucca Sea double sub-
duction system was initiated at about 15 Ma and the
oldest Neogene volcanic rocks in the Halmahera
Arc have ages of about 11 Ma (Baker & Malaihollo
1996). Since 11 Ma the Molucca Sea has been elimi-
nated by subduction at both its eastern and western
sides (Fig. 5). The two arcs first came into contact
at about 3 Ma and began to build the central
Molucca Sea accretionary complex as the two fore-
arcs collided. Convergence did not cease as the two
forearcs came into contact; instead, there was
repeated shortening on the Halmahera side with
thrusting of both forearc and back-arc towards the
active volcanic arc (Hall 2000; Hall & Smyth
2008). At the same time, parts of the Halmahera
Arc have disappeared by overthrusting of the
Sangihe–north Sulawesi Arc in the Molucca Sea.
The central Molucca Sea mélange wedge and ophio-
lites represent the forearc basin and basement of the
Sangihe Arc that will soon have completely overrid-
den the Halmahera Arc (Hall 2000).

Growth of the accretionary orogen

If it is assumed that mountain building will cease
only after complete continent–continent collision,
then the SE Asian orogenic belt has a long future.
South of Sumatra and Java there is no northward-
moving continent, and in the eastern part of the
region Australia continues to move north despite
peripheral continent–continent collision between
Sundaland and westernmost Australian margin
that began about 25 Ma ago. The orogenic belt
is almost entirely a result of subduction at the
Sundaland margins. However, conventional sub-
duction processes have not caused the orogenic
belt to grow significantly. There has been little
growth at accretionary wedges or by magmatism.
There have been no major additions by collisions
of plateaux or other topographic features on
oceanic plates. The late Mesozoic and Cenozoic
growth of the orogen predominantly reflects the
arrival of continental crust at the subduction
trench, which was then added to the orogenic
belt, terminating subduction for a period, and
causing the site of subduction to move. It is
suggested here that during the Cretaceous first
the SW Borneo fragment was added, followed
by the east Java–Sulawesi fragment (Fig. 3). In
the Cenozoic part of the South China margin
was added in north Borneo (Fig. 3), at about the
same time that Australian continental crust first

collided with the Sundaland margin in eastern
Indonesia (Fig. 5). Complex deformation in east-
ern Indonesia continues to the present day.

Accretion

In the west the accretionary orogen is simply a
single-sided arc–trench system with an arc–trench
gap up to 350 km wide and a total width of orogenic
deformation of about 400 km (Simandjuntak &
Barber 1996). This Sunda Suture is the narrowest
part of the orogenic belt (Fig. 3). At the northwes-
tern end of Sumatra mud-dominated sediment at
the distal end of the Bengal Fan (Stow et al. 1989;
Curray 1994) is arriving at the Sunda Trench.
Nias, at the north end of the Sumatra forearc, is com-
monly cited as the classic example of a forearc high
elevated by accretion, based on the work of Moore
& Karig (1980). However, later mapping of Nias
and other forearc islands does not support this
model (Samuel 1994; Samuel et al. 1995, 1997;
Samuel & Harbury 1996). The ophiolites are not
slices accreted during the Cenozoic but Cretaceous
basement that was in place by the Eocene. They
unconformably overlain by thin Eocene marine
rocks, several kilometres of Oligocene to Lower
Miocene deep marine clastic sedimentary rocks,
and 1–2 km of Lower to Upper Miocene shallow
marine clastic sedimentary rocks with a few lime-
stones and some tuff layers. The sedimentary
rocks are not material scraped off the downgoing
plate but represent the fill of a forearc basin, later
inverted, in which most material was carried
from Sumatra and included recycled Sundaland
continental crust and volcanic material. A large
part of the material that has been incorporated in
the Sunda Suture is reworked from Sumatra rather
than being new crust added to the continental
margin.

Further SE, to the south of south Sumatra and
Java, the sedimentary cover on the subducting
plate is much thinner yet the arc–trench gap is just
as wide. Near the trench there is a young accretion-
ary complex (Masson et al. 1990) constructed
against an older backstop interpreted to be an
older accretionary complex (Kopp et al. 2002,
2006; Schlüter et al. 2002) but this is only about
50 km wide. Schlüter et al. (2002) suggested there
was a progressive growth of the arc–trench gap
south of Sumatra since the Palaeocene but the age
control on this development is poor. In the region
where the Roo Rise is arriving at the trench there
is evidence of subduction erosion (Masson et al.
1990; Kopp et al. 2006). There seems to have
been relatively little growth of the forearc region
by the addition of material from the downgoing
plate and the width of material added is less than
200 km (Hall & Smyth 2008).
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Accretion of oceanic plateaux and seamounts

It is difficult to identify any major oceanic plateaux or
seamounts in the Sundaland margins anywhere in
Indonesia, although such features are known from
the older sutures in Indochina and SW China
(Metcalfe 1996, 1998). This implies that they have
generally disappeared during subduction, leaving
only ephemeral traces of their return to the mantle
in the form of deformation, debris flows and
slumped units, which may or may not be preserved.
South of Java and Sumatra such features arriving at
the trench today (Fig. 1) cause deformation but
seem to subduct without difficulty. South of Java
the Roo Rise is contributing to subduction erosion
(Kopp et al. 2006), the trench shallows where the
Roo Rise has arrived at the trench, and there are
embayments associated with seamount subduction
(Masson et al. 1990). The subduction of the Investi-
gator Ridge beneath Sumatra has been linked to
elevation of the forearc (McCann & Habermann
1989; Malod & Kemal 1996), although this has
been disputed (Matson & Moore 1992), to activity
in the arc and possibly to the eruptions of Toba
(Chesner 1998; Page et al. 1979) but the ridge is
being subducted relatively smoothly and without
accretion.

Accretion during arc collision

In the central Molucca Sea the collision between the
Sangihe and Halmahera arcs has formed a substan-
tial accretionary complex as the two forearcs have
come into contact. However, it is far from clear if
this will ultimately result in addition of a large
volume of arc crust to the Sundaland margin.

As the Molucca Sea was eliminated from south
to north in the last 3 Ma the Halmahera Arc failed
repeatedly with thrusting in different directions at
different stages in the collision (Hall 2000; Hall &
Smyth 2008). First the back-arc was thrust over
the volcanic arc, and later the forearc was thrust
towards the volcanic arc. In south Halmahera the
back-arc region was thrust onto the forearc, in
places entirely eliminating the Neogene arc. At the
southern end of the Halmahera Arc the arc was
thrust onto the forearc (Ali & Hall 1995; Ali et al.
2001). After west-vergent thrusting volcanism in
the Halmahera Arc resumed between Bacan and
north Halmahera. At the south and north ends of
the arc volcanism ceased. In the northern Molucca
Sea the Sangihe forearc was then thrust east onto
the Halmahera forearc and arc. In the region
between Morotai and the Snellius Ridge parts of
the Neogene Halmahera Arc and forearc have now
disappeared (Hall 2000). Further south this
east-vergent thrusting carried the Halmahera
forearc onto the flanks of the active Halmahera

Arc, and pre-Neogene rocks of the Halmahera
forearc basement are now exposed in islands
of the Bacan group and off the coast of NW
Halmahera.

In the northern Molucca Sea almost the whole
of the forearc and volcanic arc have disappeared
(Hall 2000; Widiwijayanti et al. 2004). The two
arcs are still converging, and contracting in the
process. One arc (Sangihe) is overriding the other
(Halmahera) and parts of the Halmahera arc
system (meaning the entire region between the
trench and back-arc region) have disappeared by
thrusting (Hall 2000; Hall & Smyth 2008). Little
is known about the deep structure of the collision
zone and it is not clear if the overthrusting of one
arc by the other is causing an increase in crustal
thickness, or if the Halmahera Arc is being sub-
ducted into the mantle, in which case it will
disappear completely.

At the present there is a large area of young arc
crust in eastern Indonesia, and certainly in the
Philippines, but the probability of this crust remain-
ing after termination of orogenic activity is small.
The collision of the two arcs in the Molucca
Suture would be expected to add new crust to the
Sundaland margin, but as the convergence has pro-
ceeded the width of the arc has progressively
decreased. In areas where there has been addition
of arcs to the Sundaland margins in the past, such
as the Cretaceous Woyla Arc of north Sumatra, or
in the Meratus Mountains of SE Borneo, the width
of the preserved arc is small. Where continent–
continent collision has been achieved in the SE
Asian orogenic belt the area of arc crust is small
compared with that of continental crust.

Magmatism

The amount of new crust added by magmatism is
very difficult to assess. Volcanic rocks are
common in all the arc regions of Indonesia and the
Philippines, large areas of plutonic rocks are
common in Sumatra (McCourt et al. 1996), and
smaller plutons are known from Borneo, Sulawesi
and Java. The Schwaner Mountains granites of
SW Borneo represent a significant volume of melt,
although still small compared with the width of
the orogen, but if they are post-collisional melts,
as suggested above, they are not new crust, but
simply melts formed from existing crust. In the
young Cenozoic arcs, such as the Lesser Sunda
Islands, the Banda Volcanic Arc, the north arm of
Sulawesi, the Sangihe and Halmahera arcs, only
the upper levels of the arcs are seen. However, in
all the arcs the width of the magmatic zone is
rather narrow, typically less than 100 km. Unlike
areas such as South America (Pitcher et al. 1985;
Kay et al. 2005; Haschke et al. 2006), where there
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has been long-term magmatism that intrudes and
extrudes across a wide zone, the positions of mag-
matic arcs in Indonesia appear to have been rela-
tively stable over time. Even in Sumatra with its
long record of igneous activity that extends back
to the Late Palaeozoic, the present volcanic arc is
built upon older plutonic belts and the total width
of the zone of magmatism is of the order of 100–
200 km (McCourt et al. 1996; Cobbing 2005). In
many of the younger arcs the position of the volca-
noes has remained fixed, although there have been
abrupt movements of volcanic activity to new pos-
itions in some arcs such as Java and Halmahera
(Hall & Smyth 2008); none the less, even in these
arcs the shift was only of the order of 50 km.
Thus, if it is assumed that all the modern arcs are
underlain by plutons of similar width that will be
exposed in the future, and that all the arc crust is pre-
served and not lost by subduction in the process of
collision, the total width of new crust added by mag-
matism is probably no more than 20% of the entire
width of the orogenic belt, and in many parts of
Indonesia is much less.

Continental fragments

The central segment of the accretionary orogen is
closest to completion (Fig. 3). Considering a
NW–SE profile from the South China Sea to
Australia there is little or no oceanic crust remaining
to subduct and there is continental crust, mainly
already thickened, from Indochina to Australia. As
Australia moves north there will be some potential
for further contraction but the orogenic belt is cur-
rently between 2000 and 2500 km wide and is unli-
kely to become much narrower. This sector crosses
three Cenozoic sutures (Borneo, Sulawesi and
Banda) and at least two Mesozoic sutures (the
north Borneo Lupar Line and the SE Borneo
Meratus Mountains). The sutures include arc and
ophiolitic rocks but most of the width of the
orogen is made up of continental crustal blocks.
These have separated from, or represent, the
extended South China margin, or have separated
from the western Australian margin. This sector
encapsulates the history of the accretionary
orogen, and represents its likely future: the orogen
has grown principally by the addition of continental
fragments to the Sundaland core. The growth has
been incremental, and as convergence between
Australia and Eurasia has continued the subduction
zones at the Sundaland margin have moved out-
board of the most recently added fragments.

Future development of orogen

In western Indonesia the orogen will continue
to develop as the product of ocean–continent

convergence for many tens of millions of years
unless continent–continent collision between
Australia and SE Asia causes subduction to cease,
or there are major changes in plate motions as a
result of other causes. However, judging from its
Cenozoic history there is no reason to expect signifi-
cant increase in size of the orogen. There are no con-
tinental fragments in the Indian Ocean that will
arrive on the Sunda margin and areas of elevated
crust are currently subducting without difficulty.
There will be addition of new crust by magmatic
activity and possibly some accretion, although this
could be partly offset by subduction erosion.

To the east, the development of the orogen is far
from complete and is likely to be very complex.
Between South China and Australia there are
several marginal basins floored by oceanic crust
(Fig. 3a and b): the South China Sea, the Sulu Sea,
the Celebes Sea, and the North and South Banda
basins. Several of these are beginning to disappear
by subduction at their margins (Sulu, Celebes and
South Banda) and as Australia moves north it
might be expected that each of these oceans will dis-
appear leaving a wide orogenic belt composed of
continental fragments, arc and ophiolitic crust.
However, the Neogene history of the Sulawesi and
Banda sutures suggests caution in reaching this con-
clusion. The arrival at the Sunda Trench of the
oceanic Banda embayment led to rapid rollback
and induced extension in Sulawesi, and formation
of new ocean crust and arcs in the Banda Sea. It is
possible to imagine the Banda scenario repeated
for the Celebes Sea. For example, the present
north Sulawesi trench could migrate to the north,
causing renewed extension of Sulawesi. This
could lead to formation of small new ocean basins
of similar size to the Banda basins within the oro-
genic belt. These, in turn, would be subducted but
their subduction could lead to renewed hinge roll-
back, extension and formation of new marginal
basins. It may appear that this is merely delaying
the inevitable completion of collision as Australia
becomes sutured to East Asia, but the Mediterranean
illustrates that hinge rollback in small ocean basins
can be a very persistent process (e.g. Negredo et al.
1997; Wortel & Spakman 2000; Rosenbaum &
Lister 2004). The Banda Arc is a small-scale
example of Gondwana reassembly that has formed
Sundaland. Continental fragments now found in
the outer arc are the result of extension following
Early Miocene collision of the Sula Spur in Sula-
wesi. As the Banda basins close by subduction
these continental fragments are being restored
approximately to their Early Miocene position in
the orogenic belt.

At the eastern end of the orogen there is essen-
tially a complex intra-oceanic arc extending from
eastern Indonesia into the Philippines. There is
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currently subduction in several different directions,
and ocean crust on both sides of the intra-oceanic arc
in marginal basins of the Eurasian margin (South
China, Sulu and Celebes seas) and the Philippine
Sea. It is unclear if this arc will end up as part of
the Eurasian margin, or if most of it will continue
to move around the Pacific by related subduction
and strike-slip faulting.

Conclusions

It is impossible to say if SE Asia is a typical accre-
tionary orogen. In the 100 Ma of its Late Cretaceous
and Cenozoic history there have been numerous
events, and many of them would not be recognized
in a Palaeozoic or Precambrian accretionary orogen
simply because of the resolution of most dating
methods. Furthermore, much of the evidence has
been removed or degraded by subsequent events.
Arcs and ocean basins are disappearing or have dis-
appeared with little or no trace.

Each sector of the orogenic belt has its own story
and the whole orogenic belt is very complex. It
should not therefore be a surprise to find that there
are different interpretations of, or difficulties in
understanding, older orogenic belts. The SE Asian
accretionary orogen is ultimately a mosaic of differ-
ent orogens or sutures. Fragmentation by strike-slip
faulting has not been discussed here but adds diffi-
culty to reassembling the mosaic. In SE Asia there
has been no simple story of addition of large
pieces of crust by collision, and then termination
of orogenic development. Subduction has resumed
and new collisions have followed. Occam’s razor
is a valuable approach to interpreting our data but
everything we know about the history of the SE
Asian orogenic belt tells us that it will produce an
oversimplified history of older accretionary
orogenic belts.

There has been considerable growth of the
orogen, but little material has been added by sub-
duction accretion, or by accretion of oceanic pla-
teaux or seamounts. Arcs do not seem to have
contributed much additional crust in terms of
width, and plutonic rocks are not likely to constitute
more than about 10% of the entire orogen width in
its widest parts. Intra-orogen ocean basins can com-
pletely disappear, and are also difficult to identify in
the orogenic belt because they are commonly short-
lived, are small, and leave little trace such as rem-
nants of their sedimentary cover or arc volcanism
as they subduct. Most of the growth has been by
addition of continental fragments. After collisions
subduction has resumed elsewhere.

In the area of most obvious continent–continent
collision, in the Sulawesi and Banda region, the
evolution has been exceptionally complex, partly

because of existence of an oceanic embayment
within the Australian continental margin. This led
to subduction hinge rollback, extension, and arc–
continent collision. The orogenic belt may be an
almost self-perpetuating system as long as major
parts of it remain at the edge of major ocean
basins. The development of SE Asia brings to
mind Hutton’s (1795) famous adage ‘no vestige of
a beginning, no prospect of an end’.

However, there is one special feature without
which the SE Asian orogenic belt would certainly
be much smaller. The orogen has grown mainly by
addition of continental fragments, and almost all
of these have come from Australia. The continental
fragments have formed by rifting of continental
fragments from the Australian margin, and by
slicing of continental fragments from Australia;
for example, in the Sorong fault zone. Of these the
most important process has been the rifting of
narrow slivers from Australia. This process has
been repeated numerous times since the Palaeozoic
(e.g. Metcalfe 1996). Without this peculiar nibbling
away of small slices of the Australian passive conti-
nental margin there would be a much smaller Sunda-
land and SE Asian accretionary orogen, which leads
to a final question: Has there been any continental
growth at all or is SE Asia merely one stage in the
reassembly of Gondwana in a different region?
Observations from SE Asia favour the latter.
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