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Continental growth at the Indonesian margins of southeast Asia
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ABSTRACT

Indonesia is a geologically complex region at the edge of the Sundaland continen-
tal core of southeast Asia. It is surrounded by tectonically active zones characterized 
by intense seismicity and volcanic activity. The continental core was reassembled from 
blocks rifted from Gondwana, and surrounded by subduction zones for much of the 
Mesozoic and Cenozoic. The region has many features typical of circum-Pacific oro-
gens: active subduction and abundant magmatism, transfer of material at subduction 
and strike-slip boundaries, and collisions between oceanic plate buoyant features, arcs, 
and continents. The deep mantle structure beneath Sundaland indicates a history of 
subduction different north of Australia compared to that north of India. The Cenozoic 
India–Asia collision has not had an important effect on Indonesia but subduction has 
been a fundamental tectonic influence. In consequence, there is a weak and thin litho-
sphere beneath much of  Sundaland, responsive to changing forces at the plate bound-
aries. During collision some arcs ceased activity when overthrust by either forearc and 
backarc regions, some shifted position and others disappeared. Despite the importance 
of subduction, continental growth occurred primarily by arrival of continental frag-
ments at subduction margins, with subordinate contributions from ophiolite and sedi-
ment accretion, or arc magmatism. In East Indonesia the wide plate boundary zone 
includes continental fragments and several arcs, but the arcs are most vulnerable to 
destruction and disappearance. Hinge rollback in the Banda region produced extension 
within the collision zone, but future contraction will eliminate most of the evidence for 
it, leaving a collage of continental fragments.
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INTRODUCTION

Indonesia is an immense archipelago of more than 
18,000 islands extending over 5000 km from east to west 
between 95°E and 141°E, and crossing the equator from 6°N 
to 11°S (Fig. 1). It is bordered by tectonically active zones 
characterized by intense seismicity and volcanism resulting 
from subduction. Western Indonesia is underlain largely by 
continental crust whereas in eastern Indonesia there is more 
arc and ophiolitic crust, and several young ocean basins. 
The present geology of Indonesia is broadly the result of 
 Cenozoic subduction and collision at the margins surround-

ing the  continental core of the archipelago. Subduction pro-
cesses and arc magmatism have contributed to the develop-
ment of this continental region, but most of the growth over 
the past 300 million years has occurred by addition of con-
tinental fragments arriving at the subduction margins. This 
paper gives a very brief overview of the history and the way 
in which this continental region has grown, and the reader is 
referred to other papers (Hamilton, 1979; Hutchison, 1989; 
Metcalfe, 1996; Hall, 2002; Hall and Morley, 2004; Hall, 
2008; Hall and Smyth, 2008; Hall et al., 2008) for details and 
documentation of publications on which these interpretations 
are based.
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Figure 1. Geography of the Indonesia region showing present tectonic boundaries and volcanoes. Indonesia is shaded green and neighboring 
countries in pale grey. Bathymetric contours are at 200m, 1000m, 3000m, 5000m and 6000m. Red arrows show convergence vectors for the 
Indian Plate (IND–EUR) and the Philippine Sea Plate (PSP–EUR) relative to Eurasia, and the Australian Plate relative to the Pacific Plate 
(AUS–PAC).

PRESENT-DAY TECTONIC SETTING

Indonesia is situated at the boundaries of three major 
plates: Eurasia, India–Australia and Pacific–Philippine Sea 
(Fig. 1). In western Indonesia the boundary between the 
 Eurasian and Indian Plates is the Sunda Trench. Parallel to 
this in Sumatra is the right-lateral strike-slip Sumatran Fault, 
which results from the partitioning of oblique plate conver-
gence into normal convergence at the trench and trench-paral-
lel movement further northeast. Most active deformation in 
Sumatra occurs between the trench and the Sumatran Fault. In 
contrast, east of Java active deformation occurs within a com-
plex suture zone up to 2000 km wide, including several small 
plates and multiple subduction zones; plate boundaries (Fig. 
1) are trenches and another major strike-slip zone, the left-lat-
eral Sorong Fault, running from New Guinea into Sulawesi. 
The subduction zones are mainly well defined by seismicity 
to depths of about 600 km (Fig. 2) and by volcanoes (Fig. 1). 
Global Positioning System (GPS) measurements (Bock et al., 
2003; Simons et al., 2007) indicate very high rates of rela-
tive motions, typically more than several centimeters per year, 
between plates and smaller tectonic fragments.

SUNDALAND

The interior of Indonesia (Fig. 1), particularly the Java 
Sea, Sunda Shelf and surrounding emergent, but topographi-
cally low, areas of Sumatra and Borneo (Indonesian Borneo), 
is largely free of seismicity and volcanism (Figs. 1 and 2). This 

tectonically quiet region forms part of the continental core of 
the region known as Sundaland (Hall and Morley, 2004).

Sundaland extends north to the Thai–Malay Peninsula 
and Indochina, and formed an exposed landmass during the 
Pleistocene. Most of the Sunda Shelf is shallow, with water 
depths less than 200 m (Fig. 1), and its lack of relief has led 
to a misconception that it is a stable area. Sundaland is often 
described as a shield or craton but geological observations, 
heat flow and seismic tomography (Hall and Morley, 2004; 
Currie and Hyndman, 2006) show that this is not the case. 
Significant deformation during the Cenozoic formed deep 
sedimentary basins and also caused localized but widespread 
elevation of mountains. The Sundaland interior has high sur-
face heat flow values, typically greater than 80 mW/m2 (Fig. 
3). At the  Indonesian margins high heat flows reflect subduc-
tion-related magmatism but the hot interior of Sundaland 
reflects upper crustal heat flow from radiogenic granites and 
their erosional products, the insulation effects of sediments, 
and a large mantle contribution. Unlike well-known shields or 
cratons  Sundaland is not underlain by a thick cold lithosphere 
formed in the  Precambrian. P and S wave seismic tomography 
(Bijwaard et al., 1998; Ritsema and van Heijst, 2000) show it 
is an area of low velocities in the lithosphere and underlying 
asthenosphere (Fig. 4), in contrast to Indian and Australian 
continental lithosphere to the NW and SE. Such low mantle 
velocities are commonly interpreted in terms of elevated tem-
perature, and this is consistent with regional high heat flow, 
but they may also partly reflect the mantle composition or 
elevated volatile contents.
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Figure 2. Seismicity in the Indonesian region between 1964 and 2000 (Engdahl et al., 1998). Bathymetric contours are at 200m and 6000m.

Figure 3. Contoured heat flow map for SE Asia, modified from Hall and Morley (2004). Heat flow values were taken from global and 
regional compilations (Kenyon and Beddoes, 1977; Nagao et al., 1995; Pollack et al., 1993; Rutherford and Qureshi, 1981) and the reader 
is referred to these sources for discussion of how these were calculated.
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Figure 4. 150 km depth slice through the S20RTS shear wave tomo-
graphic model of Ritsema and van Heijst (2000). High velocities 
are represented by blue and low velocities by red. Cratons are easily 
identified; SE Asia is not among them.

MANTLE STRUCTURE

Global tomographic models reveal considerable 
detail of the mantle structure beneath the Sundaland region 
( Widiyantoro and van der Hilst, 1997; Bijwaard et al., 1998). 
Tomographic images of the upper mantle show major slabs 
subducted during the late Cenozoic (Fig. 5). At depths below 
700 km there is a marked difference between the mantle struc-
ture west and east of about 100°E (Fig. 6). To the west a series 
of linear anomalies trending roughly NW-SE have been inter-
preted as subducted remnants of Tethyan oceans (van der Voo 
et al., 1999). East of 100°E these anomalies no longer exist, 
and only the southernmost anomaly can be traced eastwards. 
However, instead of the clear linear NW-SE anomaly to the 
west the apparent continuation of the high velocity anomaly 
beneath SE Asia has a quite different appearance. It has a 
broad elliptical shape with a long axis oriented approximately 
NE-SW that terminates at the edge of the west Pacific beneath 
the Philippines.

The upper mantle velocities and heat flow observa-
tions suggest the region is underlain by a thin and weak litho-
sphere (Hall and Morley, 2004; Currie and Hyndman, 2006) 
that extends many hundreds of kilometers from the volcanic 
margins. The character of the lithosphere has been a major 
influence on the development of Indonesia, combined with 
repeated collisions at the subduction margins that have led to 
continental growth.

The high velocity anomaly in the lower mantle beneath 
Indonesia represents the accumulation of subducted lithosphere 
but a completely different history from that of the Indian region. 
There, the series of linear anomalies record closure of differ-
ent oceans at multiple, broadly parallel subduction zones dur-
ing the Mesozoic and early Cenozoic, which have since been 

over-ridden by India (van der Voo et al., 1999; Hafkenscheid et 
al., 2006). The deep mantle beneath Indonesia does not reveal 
Mesozoic history, nor subduction of multiple Tethyan oceans. 
Most of what is observed in the upper and lower mantle records 
 Cenozoic subduction at the active margins around  Indonesia. 
Replumaz et al. (2004) have suggested that the lower mantle 
tomography reflects a large clockwise rotation of single SE 
Asian block since 40 Ma, as shown in a reconstruction of the 
India–Asia collision zone by Replumaz and Tapponnier (2003). 
However, there is no evidence from palaeomagnetism (Fuller 
et al., 1999) for the rotation or latitude change suggested by 
Replumaz and Tapponnier (2003) and the area of the anomaly 
extends significantly south of their reconstructed position of 
the Java Trench. The geological history of the region is also 
much more complex than that expected by rotation of a sin-
gle rigid SE Asian plate (Hall et al., 2008). The reconstruc-
tion of Hall (2002) offers an alternative interpretation of the 
deep anomaly beneath SE Asia, as follows:  Australia began to 
move northward at a significant rate only from about 45 Ma. 
The position of the anomaly fits well with that expected from 
Indian–Australian lithosphere subducted northward at the Java 
margin since about 45 Ma, and proto-South China Sea litho-
sphere subducted southward at the north Borneo trench since 
45 Ma, with contributions from several other subduction zones 
within east Indonesia, such as those associated with the Sulu 
Arc, and the Sangihe Arc.

SUNDALAND AT 45 MA

The continental core of Sundaland was assembled from 
fragments that rifted from Gondwana during formation of 
different Tethyan oceans (Metcalfe, 1996). An Indochina–
East Malaya block (Fig. 7) separated from Gondwana in the 
Devonian, and by the Carboniferous was in warm tropical 
low latitudes where a distinctive Cathaysian flora developed. 
In contrast, Carboniferous rocks, including glacio-marine 
diamictites, that are part of Sinoburmalaya or Sibumasu (Fig. 
7), indicate this block was at high southern latitudes dur-
ing the Carboniferous. It separated from Gondwana in the 
Permian, and collided with Indochina–East Malaya, already 
amalgamated with the South and North China blocks, in the 
Triassic. The widespread Permian and Triassic granites of the 
Thai– Malay Tin Belt extend into western Indonesia and are 
the products of subduction and post-collisional magmatism 
associated with this event (Hutchison, 1989).

The Mesozoic sedimentary record is very limited 
but suggests that much of Sundaland including most of its 
 Indonesian margin was emergent. During the Mesozoic there 
was reorganization of Sumatran crustal blocks (Barber et al., 
2005), possibly by strike-slip faulting at an active margin, and 
several episodes of granite magmatism, interpreted to have 
occurred at an Andean-type margin, during the Jurassic and 
Cretaceous (McCourt et al., 1996).

More continental fragments were added to Sundaland in 
the Cretaceous. The Kuching zone (Hutchison, 2005) includes 
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Figure 5. Depth slice at 
300 km from the P wave 
tomographic model of 
Bijwaard and Spakman 
(2000). High veloci-
ties are represented by 
blue and low veloci-
ties by red. The slice 
shows high velocity 
anomalies interpreted 
as subducted slabs 
around Indonesia, and 
relatively low velocities 
beneath Sundaland.

Figure 6. Depth slice 
at 1100 km from the 
P wave tomographic 
model of Bijwaard and 
Spakman (2000). The 
slice shows the linear 
high velocity anomalies 
beneath India, in con-
trast to the deep wide 
high velocity anomaly 
beneath Sundaland. The 
line at about 100°E is 
interpreted to be the 
eastern end of the sub-
duction zones north of 
India.
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Figure 7. Sundaland at the end of the Cretaceous, modified after Metcalfe (1996) and Barber et al. (2005). Ophiolitic sutures are shaded 
in green. West Sumatra, West Burma and Indochina–East Malaya formed part of a Cathaysia block added to Eurasia during the Paleozoic. 
Sibumasu was accreted along the Raub–Bentong suture in the Triassic. West Burma and West Sumatra were subsequently moved along the 
Sundaland margin. The Woyla Arc was accreted in the Cretaceous. The Luconia block is interpreted here to be a Cathaysian fragment rifted 
from Asia and added to Sundaland during the Mesozoic. SW Borneo and East Java–West Sulawesi are interpreted to have been rifted from 
West Australia and added in the Late Cretaceous.

rocks with Cathaysian affinities suggesting an origin in Asia 
and may mark a subduction margin continuing south from 
East Asia at which ophiolitic, island arc and microcontinen-
tal crustal fragments were added during the Mesozoic. SW 
 Borneo (Fig. 7) is interpreted here to be a continental block 
rifted from the West Australian margin, and added to Sundaland 
in the Early Cretaceous, at a suture that runs south from the 
Natuna Islands. After collision of this block the Cretaceous 
active margin ran from Sumatra into West Java and continued 
northeast through SE Borneo into West Sulawesi.

The intra-oceanic Woyla Arc collided with the  Sumatran 
margin in the mid Cretaceous adding arc and ophiolitic rocks 
to the southern margin of Sumatra (Barber et al., 2005).  Further 
east the Cretaceous active margin is marked by  Cretaceous 

high pressure–low temperature subduction-related metamor-
phic rocks in Central Java, the Meratus Mountains of SE 
 Borneo and West Sulawesi (Parkinson et al., 1998). However, 
outboard of this ophiolitic zone, East Java and West Sulawesi 
(Fig. 8) are interpreted to be underlain in part by Archean con-
tinental crust. Geochemistry (Elburg et al., 2003) and zircon 
dating (Smyth et al., 2007; van Leeuwen et al., 2007) indicate 
that underlying crust formed part of a block rifted from the 
west Australian margin (Fig. 9). It is not possible to exclude 
the possibility that zircons are recycled from clastic sediments 
derived from  Archean crust, as is the case for parts of west 
Australia, but these would presumably rest on Precambrian 
basement, and relatively few Proterozoic zircons have been 
found in East Java. At present, bearing in mind that few zircon 
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Figure 8. The southeast Sundaland margin before 45 Ma, when sub-
duction resumed, showing the inferred extent of the continental frag-
ment beneath East Java and West Sulawesi.

Figure 9. Comparison of U–Pb SHRIMP ages from East Java and 
Western Australia, modified from Smyth et al. (2007).

geochronological studies have been carried out in  Indonesia, 
arrival of a block of Archean continental crust is the  simplest 
explanation for the zircon ages, geochemistry and Late 
 Cretaceous termination of subduction at the Sundaland active 
margin. Thus, following collision of this block, Sundaland had 
the form shown in Fig. 7 at the beginning of the Cenozoic.

CONTINENTAL GROWTH

The late Mesozoic growth of the region occurred mainly 
by the addition of continental fragments that arrived at the 
subduction trench, terminating subduction for a period, and 
causing the site of subduction to move. Although incom-
plete and complicated, the Cenozoic growth of the region has 
continued in a similar staccato manner. There has been little 
growth at accretionary wedges or by magmatism, and there 
have been no major additions by collisions of plateaus or other 
topographic features on oceanic plates. Major changes have 
occurred mainly after collision of continental fragments.

Little subduction accretion

From north Sumatra to East Java the arc–trench gap is 
about 350 km wide. Progressive growth of the arc–trench gap 
south of Sumatra since the Paleocene has been suggested but 
age control is poor, and even if material has been accreted the 
additional width is small.

Nias, at the north end of the Sumatra forearc, is com-
monly cited as an example of a forearc high elevated by 
accretion (e.g., Moore and Karig, 1980) during development 
of the arc according to classic models (Dickinson, 1973, 
1977). However, mapping of Nias (Samuel et al., 1995, 1997; 
Samuel and Harbury, 1996) and other forearc islands does 

not support these models in Indonesia. The ophiolites are not 
slices accreted during the Cenozoic but Cretaceous basement 
that was in place by the Eocene. The sedimentary cover is 
not material scraped off the downgoing plate but the fill of 
a forearc basin (Fig. 10), later inverted (Fig. 11), into which 
most material, including recycled Sundaland continental crust 
and volcanic material, was carried from Sumatra. A large part 
of the material that forms the Sumatra forearc was reworked 
from Sumatra rather than being new crust added to the conti-
nental margin.

South of Java the sedimentary cover on the subducting 
plate is much thinner, yet the arc–trench gap is just as wide as 
that south of Sumatra. Relatively little growth of the forearc 
region has occurred by the addition of material from the down-
going plate and the width of material added is less than 200 
km (Hall and Smyth, 2008). Near the trench there is a young 
accretionary complex constructed against an older backstop 
interpreted to be an older accretionary complex (Kopp et al., 
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Figure 10. Mapping of Nias shows that the area 
between Sumatra and Nias was in extension for 
much of the Cenozoic and most of the island’s sedi-
ments were derived from Sumatra (modified from 
Samuel and Harbury, 1996).

Figure 11. Cross sections across the Sumatra forearc, modified from Samuel and Harbury (1996). The island has not emerged as a forearc 
high as the result of progressive subduction accretion. The continental margin of Sumatra extends at least as far as Nias. V=H: equal 
vertical and horizontal scales.
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2002, 2006; Schlüter et al., 2002) but the former is only about 
50 km wide. Further to the east, south of East Java, asperities 
on the downgoing plate are causing subduction erosion (see 
below).

The wide Sunda forearc of Indonesia remains understud-
ied. There has been no ocean drilling, little direct sampling of 
rocks, and most interpretation is based on sparse geophysical 
data. Nonetheless, what we do know from these studies and 
land geology does not support significant addition of crust by 
subduction accretion.

No accretion of oceanic plateaus and seamounts

There are no major oceanic plateaus or seamounts in 
the Sundaland margins anywhere in Indonesia. Such features 
have apparently disappeared during subduction, leaving only 
limited traces 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 dif-
ficulty. The subduction of the Investigator Ridge beneath 
Sumatra has been linked to elevation of the forearc, volcanic 
activity and possibly eruptions of Toba, but the ridge is being 
subducted relatively smoothly and without accretion. South 

of Java the trench shallows where the Roo Rise has arrived, 
embayments have formed during seamount subduction, and 
subduction erosion dominates near to the trench (Kopp et al., 
2006).

Loss of arc crust during collision

In eastern Indonesia the Halmahera and Sangihe Arcs 
(Fig. 1) are the only arcs on Earth currently colliding and in 
the central Molucca Sea a substantial accretionary complex 
(Silver and Moore, 1978; Hamilton, 1979; McCaffrey et al., 
1980) has formed as the two forearcs have come into contact 
(Fig. 12). Both of the active volcanic arcs formed during the 
Neogene. The Sangihe Arc is constructed on Eocene oceanic 
crust and initially formed at the Sundaland margin in the Early 
Cenozoic. The modern Halmahera Arc (Hall, 1987; Hall et 
al., 1995) is built upon older arcs, of which the oldest is a 
 Mesozoic intra-oceanic Pacific arc. However, it is far from 
clear that the arc–arc collision will ultimately result in addi-
tion of a large volume of arc crust to the Sundaland margin.

The two arcs first came into contact at about 3 Ma 
and collision was followed by repeated thrusting, at differ-
ent times, of the Halmahera forearc and backarc towards the 
active volcanic arc. In the central Molucca Sea (Fig. 13) the 

Figure 12. The Molucca Sea region, showing the converging Halmahera and Sangihe Arcs, modified from Hall et al. (1995), displayed 
in 3D form to illustrate the geometry of the converging plates.
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Figure 13. Cross sections across the Molucca Sea 
at the same vertical and horizontal scales to illus-
trate the convergent history of the Halmahera and 
Sangihe Arcs in the last 2 million years, modified 
from Hall and Smyth (2008). The upper three sec-
tions are drawn at different latitudes from north 
(top, representing the most advanced stage) to 
south. Collision has resulted in the almost complete 
elimination of the Halmahera Arc and forearc in the 
northern Molucca Sea. The lowermost section is 
inferred from geological mapping on land.

melange wedge includes ophiolite slices from the Sangihe Arc 
forearc basement, not the subducted Molucca Sea plate. At the 
south end of the collision zone small fragments of continen-
tal crust are found between splays of the Sorong Fault. The 
two arcs are still converging, and contracting in the process. 
One arc (Sangihe) is over-riding the other (Halmahera) and 
the  Halmahera forearc and arc have disappeared by thrusting 
(Hall and Smyth, 2008). In the northern Molucca Sea almost 
the whole of the forearc and volcanic arc have been removed. 
Little is known about the deep structure of the collision zone 
and it is not clear if contraction has been achieved by an 
increase in crustal thickness, or if the entire Halmahera Arc is 
being subducted into the mantle.

The fate of the North Moluccan arcs raises doubts about 
how much new crust will ultimately remain after termination 
of orogenic activity. The collision of the two arcs would be 
expected to add new crust to the Sundaland margin, but as the 
convergence has proceeded the width of this zone has pro-
gressively decreased. In other parts of Indonesia where arcs 
have been added to the Sundaland margins in the past, such 
as the Cretaceous Woyla Arc of Sumatra, or in the Meratus 

 Mountains of SE Borneo, the width of the preserved arc is 
small. Some of the arc crust remains, and some is recycled 
into sediments, but is appears that much may return to the 
mantle. In Indonesia the area of arc crust added is small com-
pared to that of continental crust added as blocks.

Magmatism

The amount of new crust added by magmatism is very 
difficult to assess. Volcanic rocks are common in all the arcs 
of Indonesia, large areas of plutonic rocks are exposed in 
 Sumatra (McCourt et al. 1996), and small plutons are known 
from Borneo, Sulawesi and Java. In the younger arcs, such as 
the Lesser Sunda Islands, the Banda Volcanic Arc, the north 
arm of Sulawesi, and the Sangihe and Halmahera Arcs only 
upper crustal levels are seen. However, in all the arcs the 
width of the magmatic zone is narrow, typically less than 100 
km. Unlike areas with a long history of magmatism such as 
South America (Kay et al., 2005) where intrusive and extru-
sive activity was distributed across a wide zone, the positions 
of magmatic arcs in Indonesia appear to have been relatively 
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Figure 14. Growth of the Indonesian region. Collision between Sibumasu and East Malaya–Indochina blocks occurred in the Triassic. 
Additional crust has been added to this Sundaland core largely by later collisions of continental blocks. The present-day zone of active 
deformation is shaded yellow. Grey areas within this complex plate boundary zone are areas underlain by Cenozoic ocean crust.

stable over time. Even in Sumatra, where the present volcanic 
arc is built upon older plutonic belts with a record of igneous 
activity extending back to the Late Paleozoic, the total width 
of the zone of magmatism is about 100–200 km (McCourt et 
al., 1996). In many of the younger arcs the position of the vol-
canoes has remained fixed, although there have been abrupt 
movements of volcanic activity to new positions in some arcs 
such as Java and Halmahera (Hall and Smyth, 2008); nonethe-
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 preserved and not lost by subduction in 
the process of collision, the total width of new crust added by 
magmatism is probably no more than 20% of the entire width 
of the belt, and in many parts of Indonesia is much less.

Continental fragments

At the beginning of the Miocene there was collision 
between the Australian and the Sundaland continents in 
Sulawesi (Hall, 2002), and later in the Early Miocene there 
was collision in north Borneo with the extended passive con-
tinental margin of South China (Hutchison et al., 2000). More 
continental fragments have been accreted to, or rearranged 
in, east Indonesia since then (Fig. 14). These collisions led to 
mountain building in Sulawesi, Borneo and the Banda Arc.

In Borneo the most significant addition was South 
China continental margin crust accreted after subduction of 
the proto-South China Sea between the Eocene and Early 

Miocene. There was relatively little subduction-related mag-
matism in Borneo, probably because the proto-South China 
Sea narrowed westwards. In parts of central Borneo there 
was some Miocene magmatism, but volcanic activity largely 
ceased after collision. Minor Plio-Pleistocene basaltic mag-
matism may reflect lithospheric delamination after Miocene 
collisional  thickening. Most of the deep Cenozoic basins of 
Borneo are filled by recycled sediments derived from the 
island (van Hattum et al., 2006), not accreted at subduction 
margins. Today most sediment in circum-Borneo basins is 
derived from erosion of the Borneo highlands and inversion 
of older parts of the basin margins, which began in the Early 
Miocene.

Ophiolites were added in Sulawesi in the early  Miocene, 
and are remnants of forearc and oceanic crust between 
Sundaland and the Australian Plate, but they are underlain by 
continental crust. The juxtaposition of East and West Sulawesi 
is not understood, but is not the simple arc–continent colli-
sion envisaged thirty years ago (Hamilton, 1979; Silver et al., 
1983). It is now clear that there are fewer magmatic rocks 
in West  Sulawesi than previously thought, that some of these 
have an extensional (Polvé et al., 1997) rather than a sub-
duction-related origin, and that there is old continental crust 
beneath most of West Sulawesi (Elburg et al., 2003).

Australia–Sundaland collision in Sulawesi was initially 
marked by mountain building but contraction was followed in 
the Middle Miocene by new extension. There was Miocene 
core complex metamorphism in north Sulawesi (van Leeuwen 
et al., 2007), extensional magmatism in south Sulawesi (Polvé 
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et al., 1997), and formation of the deep Gorontalo Bay and 
Bone Gulf basins between the arms. Complex Neogene defor-
mation in Sulawesi included block rotations and strike-slip 
faulting. New orogenic deformation began in the Pliocene, as 
the Banggai-Sula microcontinent was overthrust by the East 
Sulawesi ophiolite. In West Sulawesi this led to exhumation 
of upper mantle, lower crustal rocks, and young granites, and 
 rapid rise of mountains. The West Sulawesi fold-thrust belt is 
now propagating west into the Makassar Straits with a base-
ment of continental crust that arrived in the Cretaceous (Hall 
and Wilson, 2000) or in the Early Miocene (Bergman et al., 
1996). Today the Celebes Sea subducts southward beneath 
the Sulawesi north arm, without volcanic activity, and the last 
stages of volcanism at the east end of the north arm due to 
subduction of the Molucca Sea (Fig. 1). Sulawesi is more of a 
continental island than geological maps of surface rocks sug-
gest.

Finally, in the Banda Arc there are many fragments 
of continental crust. This is the horseshoe-shaped arc that 
extends from Flores to Buru, including Timor and Seram, 
with islands forming an outer non-volcanic arc and an inner 
volcanic arc. It is an unusual region of young extension within 
the  Australian–Sundaland collision zone that formed by sub-
duction of an oceanic embayment within the northward-mov-
ing Australian plate. The Java Trench subduction hinge rolled 
back to the south and east into the Banda embayment, induc-
ing massive extension in the upper plate. Extension began in 
Sulawesi in the Middle Miocene, followed by opening of the 
North Banda Sea, formation of the Neogene Banda Volcanic 
Arc, the Flores Sea and later the South Banda Sea. At about 
3–4 Ma the volcanic arc collided with the Australian margin 
in Timor.

The collapse of the orogenic belt in East Sulawesi led to 
extension of Australian crust emplaced during Early Miocene 
collision. Remnants are now found in the submerged Banda 
Ridges, the nappes of Timor and Seram, and the Outer Banda 
Arc islands (Bowin et al., 1980), mixed with crust of the Asian 
margin and Paleogene Sunda Arc. Since collision in Timor 
new plate boundaries have developed between Flores and 
Wetar (Fig. 1), and to the north of the South Banda Sea, asso-
ciated with subduction polarity reversal. The Banda region is 
now contracting. There is intra-continental thrusting between 
Seram and the Seram Trough at the margin of the Bird’s Head 
microcontinent (Fig. 1). The young ocean crust of the Banda 
basins formed during Mio-Pliocene extension of the colli-
sion zone probably has a short life expectancy. As the Banda 
region closes as Australia and Sundaland converge little but 
continental crust will remain in the new continental margin.

In East Indonesia some oceanic crust remains to be sub-
ducted but most of the region is continental crust, much already 
thickened. The wide suture zone includes arc and ophiolitic 
rocks but most of its width is made up of continental blocks. 
These separated from, or represent, the extended South China 
margin, or separated from the West Australian margin. East 
Indonesia encapsulates the history of entire region, and repre-

sents its likely future: the orogen has grown principally by the 
addition of continental fragments to the Sundaland core (Fig. 
14). The growth has been incremental, and as convergence 
between Australia and Eurasia has continued the subduction 
zones at the Sundaland margin have moved outboard of the 
most recently added fragments.

CONCLUSIONS

Indonesian tectonic history is not a simple story of col-
lision and addition of large pieces of crust, followed by ter-
mination of orogenic development. The region is a mosaic of 
multiple sutures. After collisions, or plate boundary changes, 
subduction resumed and new collisions followed.

There has been considerable growth of the region, but 
little material was added by subduction accretion, or by addi-
tion of oceanic plateaus or seamounts. In western Indonesia 
there is no reason to expect significant new additions. There 
are no continental fragments in the Indian Ocean that will 
arrive at the Sunda Trench and areas of elevated oceanic crust 
are currently subducting without difficulty. Any addition of 
new crust by magmatic activity and accretion will be partly 
offset by subduction erosion.

Arcs have not contributed much additional crust in terms 
of width and plutonic rocks are not likely to constitute more 
than about ten percent of the entire orogen width in its widest 
parts. Intra-orogen ocean basins disappear, and are also dif-
ficult to identify because they are commonly short-lived and 
their sutures disappear beneath thrusts. Parts of arcs have dis-
appeared by subduction into the mantle, whereas others have 
been moved to other parts of the Pacific margin by oblique 
subduction and strike-slip faulting, or during rotation of plates 
such as the Philippine Sea Plate.

Most growth has been related to addition of continental 
fragments. After collision, subduction has resumed elsewhere. 
Western Indonesia, where this process is largely complete, is 
formed mainly of continental blocks separated by relatively 
narrow ophiolitic and arc sutures. In Eastern Indonesia, where 
continent–continent collision is underway, the evolution of 
the Sulawesi–Banda region has been exceptionally complex, 
partly due to existence of an oceanic embayment within the 
Australian continental margin. Initial continent–continent col-
lision was followed by subduction hinge rollback, extension, 
and arc–continent collision. The Banda Arc is a small example 
of the reassembly that formed Sundaland. Continental frag-
ments have been dispersed in the Banda Arc and as the Banda 
basins close by subduction these continental fragments are 
being restored approximately to their Early Miocene position 
in the Sundaland margin.

One special feature of continental growth in Indonesia 
is worth emphasizing. The region has grown mainly by addi-
tion of continental fragments, and almost all have come from 
Australia. The fragments formed by rifting of thin continen-
tal slivers from the Australian margin, and by slicing of con-
tinental fragments, for example in the Sorong Fault Zone. 
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This process has been repeated numerous times since the 
Paleozoic. Without the repeated rifting of narrow slivers from 
the  Australian passive continental margin there would be a 
much smaller Sundaland.
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