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ABSTRACT 
 
Indonesia is surrounded by subduction zones which 
are the cause of the intense seismicity and volcanic 
activity in the region. Subduction has been the most 
important tectonic driver and has led to the 
collisions that caused growth of continental SE 
Asia, and more recently to the development of 
Australia-SE Asia collision in eastern Indonesia. In 
eastern Indonesia there are subduction zones at 
different stages of development, from mature 
examples, such as the Banda system that began to 
roll back from about 16 Ma, to younger systems 
such as North Sulawesi. There is a close 
relationship between subduction and extension, and 
this has caused both dramatic elevation of land 
regions and exhumation of deep crust, and similar 
spectacular subsidence of basins, which are imaged 
by oil exploration seismic and multibeam data sets. 
It is difficult to quantify the amounts of uplift of 
land surfaces, although close to areas that now 
include young granites and high grade metamorphic 
rocks at elevations of up to 3 km are shallow marine 
and alluvial late Neogene sediments implying 
vertical movements of several kilometres. Offshore 
there are valuable markers provided by carbonate 
reefs that formed close to sea level, now found at 
depths of up to 2 kilometres. Dating all these rocks 
is a challenge but it appears that subsidence and 
uplift takes place during very short time intervals 
and at very high rates, and is associated with rapid 
extension and rollback of subduction zones. 
Reconstructions, modelling and theoretical studies 
can provide valuable insights into the geological 
history of unique regions such as eastern Indonesia. 
However, it needs to be recognised that much of the 
literature concerned with this challenging region is 
the product of multiple recycling events and it is 
frustrating and common to read conclusions based 
on premises that are clearly wrong. There is still a 
need for new studies that can provide material, for 
example to reliably identify and date tectonic 
events, and field-based studies continue to provide 
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surprises, new insights and data essential for sound 
interpretations. 
 
INTRODUCTION 
 
Indonesia has always been a place where new ideas 
about tectonics have been generated, simply 
because it is a place where things are happening 
(subduction, seismicity, volcanic activity, faulting, 
subsidence, collision, uplift). It remains such a 
place. Essential facts are still being discovered as a 
result of new investigations of previously studied 
areas using new techniques, and by work in little-
studied parts of Indonesia, of which there remain 
many. In Indonesia, GPS technology combined with 
the public domain SRTM (Shuttle Radar 
Topography Mission) and ASTER (Advanced 
Spaceborne Thermal Emission and Reflection 
Radiometer) images are resources that have greatly 
aided field and laboratory studies, and stimulated 
new interpretations. Offshore, the combination of 
multibeam data with seismic interpretation has 
provided new insights and helped to link 
observations on land to those offshore. 
 

Field-based studies have been in decline for many 
years as the Earth Sciences have become 
increasingly influenced by the physical sciences, 
research budgets have diminished, remotely 
acquired data have often appeared to take the place 
of direct observations, and as computer simulations 
and models increasingly appear to offer solutions 
without the need for ground truthing. Indonesia and 
other countries in SE Asia have always been 
difficult regions for field research because of their 
size, accessibility, climate and terrain which provide 
justification for discouraging such studies based on 
cost, and health and safety arguments. Nonetheless, 
there remain those who continue to do fieldwork, 
and supporters who value the results of these 
studies. The results presented in the IPA special 
session on tectonics illustrates that fieldwork 
remains an essential part of our investigations. 
Below I have highlighted a few of the observations, 
issues, discoveries that emerged from the IPA 
special session and from recent work in the region. 
 



BASEMENT 
 
Compared to many parts of the world, igneous and 
metamorphic rocks from Indonesia are poorly 
dated. The age database is skewed in terms of rock 
type (mostly igneous rocks), age (most rocks <10 
Ma), methods (mostly K-Ar) and materials 
(dominantly whole rock ages rather than mineral 
ages). U-Pb dating of zircons is a relatively 
expensive and time consuming method of dating, 
but in the last few years has added a great deal to 
our understanding of basement ages and 
provenance, with some considerable surprises. 
 
SW Borneo exemplifies our changing knowledge. 
For many years this part of Borneo was thought of 
as part of the Sunda Shield, a cratonic core, with the 
undated metamorphic rocks interpreted to be older 
than Triassic and with plausible arguments to 
suggest they were pre-Carboniferous (e.g. van 
Bemmelen, 1949; Haile, 1974; Tate, 1991; Tate & 
Hon, 1991). However, all the metamorphic rocks so 
far dated from the Pinoh Metamorphic Group of 
SW Borneo (Davies et al., 2014) contain abundant 
Cretaceous zircons with an age distribution 
suggesting they are detrital, and the chemistry of the 
rocks suggest they contain significant reworked 
volcanic material, probably ash. The evidence 
suggests the volcanic rocks were erupted in the 
Early Cretaceous, reworked into sediments, buried 
and metamorphosed during extension probably 
associated with emplacement of the Schwaner 
batholith later in the Early Cretaceous. 
 
SW Borneo is not the only region in which 
metamorphic rocks have been discovered to be 
much younger than previously suggested. This has 
proved true in North and Central Sulawesi (Henning 
et al., 2014), SE Sulawesi (unpublished results), and 
Seram (Pownall et al., 2014; Pownall and Hall, 
2014). One explanation is that that older 
metamorphic rocks have been overprinted by 
younger metamorphism – but this is not possible 
where the rocks contain detrital zircon populations 
younger than the supposed age of metamorphism. In 
Borneo, Sulawesi and Seram, rocks interpreted as 
basement, commonly suggested to be Palaeozoic, 
contain zircons which are much younger than 
expected and which we interpret to be detrital 
populations. In Sulawesi these include Triassic 
zircons in rocks thought to be pre-Triassic 
metamorphic rocks, and Late Cretaceous zircons in 
metamorphic rocks thought to be Early Cretaceous 
or Palaeozoic. In Seram metamorphic rocks 
previously interpreted as pre-Permian contain Late 
Triassic to Early Jurassic zircons and were 

metamorphosed at high temperatures in the 
Neogene. 
 
Metamorphism in many parts of eastern Indonesia 
is now known to be much younger than widely 
assumed. Contacts between metamorphic rocks and 
Mesozoic and Cenozoic sedimentary rocks are not 
stratigraphic but tectonic. The metamorphic rocks 
are not basement but were part of the sedimentary 
cover to pre-Triassic or older basement. These 
discoveries should perhaps not be a surprise since 
so little dating has been conducted. This is also 
recalls the development of ideas in other regions 
such as the Western Alps where high-grade 
metamorphic rocks were originally assumed to be 
Precambrian before reliable age dates became 
available. However, these discoveries also raise new 
important questions, such as where are the former 
pre-Triassic or older basement rocks and what 
processes led to metamorphism? 
 
There must be an older, unexposed basement 
beneath SW Borneo, as indicated by the rare older 
zircon grains in a few of the metamorphic rocks, 
and the presence of alluvial diamonds in 
Kalimantan (Smith et al., 2009). There are also 
Triassic igneous and metamorphic rocks at the 
western end of Schwaner region (Setiawan et al., 
2013) and north of Pontianak (Williams et al., 
1988), suggesting a suture between Sundaland and 
SW Borneo further east than previously postulated 
(Ben-Avraham and Emery, 1973; Hall et al., 2009). 
 
EXTENSION 
 
The juxtaposition of metamorphic rocks, ophiolites 
and unmetamorphosed sedimentary rocks as 
commonly seen in Indonesia has typically been 
interpreted as the result of closing oceans and 
collisions (e.g. Hamilton, 1979; Silver et al., 1983; 
Davidson, 1991; Barber, 1993; Simandjuntak and 
Barber, 1996; Hall, 1996; Pubellier et al., 2003). SE 
Asia has undoubtedly been assembled from 
fragments that rifted from Gondwana and been re-
assembled to form and grow Sundaland, with 
important events in the Triassic (e.g. Metcalfe, 
1996, 2011), the Cretaceous, the Early Miocene and 
the Pliocene (Hall, 2012). Indonesia is largely 
underlain by continental fragments separated by 
relatively narrow sutures containing volcanic arc 
and ophiolitic rocks both intruded and overlain by 
plutonic and volcanic rocks which are mainly the 
product of subduction. Husein et al. (2014) show 
that collision and later strike-slip faulting have both 
played a part in the Neogene development of East 
Sulawesi. There have certainly been collisions but a 



great deal of what we now observe in the region is 
the product of extension rather than collision. 
Eastern Indonesia illustrates the changing paradigm. 
The microcontinental fragments, such as Buton-
Tukang Besi, Banggai-Sula, and the Banda Ridges, 
have traditionally been interpreted as originating in 
New Guinea (e.g. Hamilton, 1979; Silver et al., 
1985) and fragmented and carried west to collide in 
Sulawesi by the bacon slicer mechanism (Haile in 
Silver, 1979) as represented in early detailed 
tectonic reconstructions (Hall, 1995, 1996). 
However, most of the microcontinental fragments 
are now interpreted to be the product of 
fragmentation of the former Sula Spur (Hall, 2002, 
2012) after collision, during extension caused by 
subduction rollback into the Banda oceanic 
embayment (Spakman and Hall, 2010). 
 
The idea of subduction rollback has been around for 
many years (e.g. Molnar and Atwater, 1978; 
Carlson and Melia, 1984), but this is not yet fully 
appreciated in the region; Hamilton (1981) was 
probably the first to identify its importance for 
Indonesia. Subduction can be viewed as 
convergence between two plates, one of which 
subducts beneath the other (Fig. 1A). Alternatively, 
subduction may occur without plate convergence 
and it can be considered as one plate sinking into 
the mantle under the influence of gravity (Fig. 1B). 
As the plate sinks, the subduction zone moves 
towards the lower plate, in a process that has been 
described as subduction/slab/hinge rollback, or 
hinge/trench retreat (Carlson and Melia, 1984; 
Hamilton, 2007). This process induces extension in 
the upper plate to fill the space created by the 
migrating hinge (Figure 2). 
 
Many authors have recognised trench movement as 
an important feature of Banda Arc development 
(e.g. Hamilton, 1976, 1979, 1981; Harris, 1992, 
2003; Hall, 1996, 2002; Charlton, 2000; Milsom, 
2001; Hinschberger et al. 2005) but the role and 
amount of associated extension, particularly of 
continental crust, is still largely overlooked. During 
the Neogene, rollback into the Banda embayment 
led to the arc-continent collision at the southern 
margin in Timor. Most attention has been given to 
the collision that began in the Pliocene; Baillie and 
Milne (2014) provide spectacular seismic images of 
the fold and thrust belt created south of Timor by 
this collision. Seram has received much less 
attention than Timor because of difficulties of 
access and terrain but has commonly been viewed 
as its mirror image (e.g. Audley-Charles et al., 
1979). Before the Neogene the mirror image 
concept is largely valid since the two areas were 

part of passive margins on the opposite north and 
south sides of the Banda embayment. However, as 
the Banda subduction zone rolled back to the east 
the northern margin of the Banda embayment was 
the site of a lithospheric tear. New fieldwork, 
petrological study and dating by Pownall (2014) 
and colleagues (Pownall et al., 2013, 2014; Pownall 
and Hall, 2014) shows that Seram recorded 
dramatic extension during the Banda rollback, 
exhuming the upper mantle and causing ultra-high 
temperature metamorphism and melting of the 
embayment’s northern continental margin. 
 
Similar extension, driven mainly by subduction 
rollback, but at a less advanced stage, is postulated 
in the North and Central Sulawesi region (Hennig et 
al., 2014; Pezzati et al., 2014). Pliocene rollback of 
the North Sulawesi subduction zone has caused 
subsidence of Gorontalo Bay to water depths of up 
to 2 km and uplift of the Neck and parts of Central 
Sulawesi to 3 km. It is possible that some of the low 
angle faults on which extension occurred are 
imaged by the seismic profiles (Pezzati et al., 2014). 
The major part of the exhumation on land is 
demonstrably Pliocene as shown by U-Pb 
crystallisation ages of zircons from granites, cooling 
ages of micas associated with extensional fabrics, 
and apatite U/Th-He ages recording cooling below 
approximately 70°C (Hennig et al., 2014). 
Metamorphism associated with extension is also 
indicated by mineral assemblages which 
demonstrate low pressure-high temperature type 
metamorphism of the Buchan type producing 
andalusite, cordierite, staurolite and spessartine-rich 
garnets which are known from both SW Borneo 
(Davies et al., 2014) and Sulawesi (Hennig et al., 
2014). 
 
The extreme extension recorded in Sulawesi and 
Seram may explain in part why pre-Triassic 
basement rocks are rare. It seems likely that the 
lower crust was hot and weak during extension and 
has been hyper-extended to the point where it has 
thinned dramatically in places. Studies of the 
Atlantic margins and Alpine analogues suggest the 
continental crust may be stretched differentially, so 
that it may take on the form of mega-boudins, in 
places removing the lower crust completely, and 
where it has stretched to breaking the upper mantle 
is exhumed (e.g. Manatschal, 2004; Peron-Pinvidic 
and Manatschal, 2010; Unternehr et al., 2010). The 
analogue with eastern Indonesia is not exact 
because the Atlantic margins are characterised by 
exhumation of relatively cold serpentinised mantle 
(serpentinite indicates temperatures below 400°C , 
and probably significantly lower; Evans, 2004) but 



similar extension would explain how in Seram the 
mantle has come into contact with rocks that formed 
part of the middle or upper crust. This caused the 
melting and UHT metamorphism. The extension 
has been associated with the formation of numerous 
metamorphic core complexes in Sulawesi 
(Kavalieris et al., 1992, van Leeuwen et al., 2007; 
Spencer et al., 2010, 2011) and Seram (Pownall, 
2014) and no doubt more will be found in the future 
between Papua and Borneo. 
 
RECONSTRUCTIONS 
 
Detailed reconstruction of the region remains a 
challenge. It is possible that the upper and lower 
crust are decoupled, as are the crust and lithospheric 
mantle during extreme extension. The movement 
and configuration of the major plates and the 
region’s subduction history thus provide only a 
limiting first order model, explaining broadly how 
the region has been constructed. However, the 
large-scale plate model does not yet provide the 
basis for predicting in detail the location and history 
of the many small deep basins and elevated regions, 
nor their physical characteristics such as rates of 
subsidence and heatflow. For the world’s passive 
margins new models are emerging for volcanic and 
non-volcanic margins, where hyper-extension 
thinned the continental crust to nothing, exposing 
the upper mantle, before new ocean crust was 
created (e.g. Peron-Pinvidic and Manatschal, 2010; 
Sutra and Manatschal, 2012; Peron-Pinvidic et al., 
2013). The history of extension, the subsidence that 
accompanied it, and the character of new oceanic 
crust all differ from older models for Atlantic-type 
margins. It is probable that continental crust that 
rifted from Australia and was added to Sundaland in 
the Cretaceous had many of the characteristics of 
the Atlantic hyper-extended margins which have 
influenced their deformation during and since 
Australia-SE Asia collision. This might also be the 
case for the Sula Spur and parts of the Banda 
region. For example, in SE Sulawesi what is often 
identified as ophiolite includes only ultramafic 
rocks. These may represent serpentinised strands of 
upper mantle separating slivers of extended 
continental crust of the former extended margin that 
were subsequently stacked up during Early Miocene 
collision. 
 
It is clear that old and new models concerning 
rifting, extension and heatflow acquired from study 
of Atlantic passive margins need careful 
consideration before they are used to understand 
basin history. Even in Sundaland, where there was a 
relatively simple development during the Cenozoic 

as rifting followed Cretaceous collisions (Morley, 
2014) there are still many puzzles of timing and 
basin formation. The age, nature and structure of the 
basement is commonly uncertain, but appears to 
have influenced basin development and heatflow. 
What is now clear is that there is much more 
continental crust in the region of SE Sundaland that 
was interpreted for many years, following Hamilton 
(1979), as a wide zone of ophiolitic and arc crust 
accreted to Sundaland east of the Ciletuh-Luk Ulo-
Meratus zone, as made clear by Satyana (2014), and 
as previously suggested by others (e.g. Manur and 
Barraclough, 1994; Sribudiyani et al., 2003; Smyth 
et al., 2007; Hall et al., 2009; Granath et al., 2009, 
2010, 2011). Thus, there may be new petroleum 
provinces to be investigated (Satyana, 2014). Witts 
et al. (2014) show that the former suture zone in SE 
Kalimantan was reactivated and the Meratus 
Mountains emerged diachronously in the Early 
Miocene in the north, earlier than previously 
suggested, but in the Late Miocene further south. 
 
Eastern Indonesia has a much more complex history 
than the Atlantic margins and Sundaland. After the 
Jurassic extension that led to rifting of continental 
slivers from the northwest Australian margin, the 
fragments collided in the Cretaceous. Later 
subduction caused renewed extension of the Sunda 
margins, but Early Miocene collision of the Sula 
Spur later contracted these margins again. Finally, 
rollback of the Banda subduction zone and 
development of new subduction zones such as 
North Sulawesi started extension again, while in the 
south Banda region collision of the Australian 
continental margin and the volcanic arc caused 
Timor and other outer arc islands to emerge. 
 
STRIKE-SLIP FAULTING 
 
One critical boundary in all reconstructions is that 
between Australia and the Pacific. Part of this 
boundary cuts across the Bird’s Head where there is 
a remarkable lineament known as the Sorong Fault. 
There is significant seismicity north of the Bird’s 
Head which is mainly due to thrusting and may be 
related to development of a young subduction 
system including the New Guinea Trench and the 
Manokwari Trough. East of the Bird’s Head, the 
Yapen Fault is currently a very seismically active 
left-lateral strike-slip fault, whereas west of the 
Bird’s Head there is little or no seismicity which 
may indicate the fault is no longer active or is active 
but locked with a long recurrence interval. The 
history of the plate boundary is still poorly known. 
Palaeomagnetic studies and reconstructions (e.g. 
Hall et al., 1995a,b,c; Hall, 1996) suggest a strike-



slip zone active since the Early Miocene. However, 
it is far from clear exactly where and when strike-
slip faulting did occur during much of the Miocene, 
although several segments of the fault zone suggest 
important Pliocene displacements. It seems that the 
Australian-Pacific boundary has been a wide zone 
of deformation apparently unlike other well-known 
strike-slip boundaries elsewhere in the world. There 
have been very few studies offshore and with the 
exception of parts of the Manokwari Trough 
(Milsom et al., 1992), the structure at the seabed is 
almost unknown. Cenderawasih Bay, to the east of 
the Bird’s Head has been particularly enigmatic. 
Seismic and multibeam data are beginning to shed 
some light on parts of the Sorong Fault Zone. East 
of the Bird’s Head, Gold et al. (2014) suggest that 
drowning of the Kais Limestone platform in the 
Biak Basin may be linked to initiation of strike-slip 
movements on the Sorong Fault Zone and that parts 
of the Biak Basin sequences may be deposits of the 
Mamberamo River delta now displaced westwards. 
West of the Bird’s Head, Saputra et al. (2014) show 
that there are several small basins within the Sorong 
Fault Zone and there are numerous fault strands. 
Some have seabed expression and some do not. 
Understanding the history and nature of the plate 
boundary from Papua New Guinea to Sulawesi is 
one of the major tectonic problems in the region. 
 
RATES OF PROCESSES 
 
The speed at which the topography and bathymetry 
has been created in eastern Indonesia was very fast, 
and extension appears to have been much faster 
than rates estimated for continental and oceanic 
core complexes (Rey et al., 2009; Whitney et al., 
2013). It is not yet clear if these rates reflect the 
very young ages of events, rather in the way that the 
stratigraphic record appears more complete the 
shorter and more recent the time span that is 
assessed (Sadler, 1981), or if they are truly 
unusually rapid. Much of Sulawesi appears to have 
been close to sea level up to the latest Miocene and 
there are numerous indications of major subsidence, 
recorded by features such as carbonate reefs now at 
up to 2 km water depth and pinnacle reefs in deep 
water indicating subsidence exceeding carbonate 
accumulation rates (Pholbud et al., 2012; Pezzati et 
al. 2014). This appears to be contemporaneous with 
major uplift to elevations of up to 3 km marked by 
major increase in sediment supply to offshore 
basins such as Gorontalo Bay (Pholbud et al., 2012) 
and Bone Gulf (Camplin and Hall, 2013). It appears 
that a relief difference of up to 5 km has been 
created in about 5 million years. At present, the 
amounts of extension are uncertain but the rollback 

of the North Sulawesi subduction zone was 
probably at least 150 km during this interval, based 
on the length of the subducted slab beneath western 
Gorontalo Bay, palaeomagnetic rotations (Surmont 
et al., 1994), estimates of slip on the Palu-Koro 
Fault (Walpersdorf et al., 1998) and GPS 
measurements (Soquet et al., 2006). This would 
imply the crust has been thinned on average by 
about one third, although it is unlikely that this has 
been uniform. Pliocene granites are common on 
land in the Neck, North Arm and parts of Central 
Sulawesi which are the product of melting that 
followed extension, and indicate an elevated 
heatflow. This may well have further weakened the 
crust, promoting continued extension, and possibly 
reduced the thickness of the deep crust to almost 
nothing. By analogy with parts of the Atlantic 
margins (e.g. Sutra and Manatschal, 2012; Peron-
Pinvidic et al., 2013), it is this extreme extension 
that may explain the absence of older basement 
where the crust has been stretched to breaking. In 
places only the upper crust remains. In some places, 
like Seram, the removal of the lower crust has 
brought the upper crust directly into contact with 
the mantle. In Seram it seems that late strike-slip 
faulting has brought the mantle and UHT 
metamorphic rocks to the surface in the last few 
million years (Pownall et al., 2013, 2014). Uplift of 
the basement associated with extension may also 
lead to erosion where large parts of the upper crust 
have been removed, exposing the deep crust as in 
the Neck of Sulawesi (Hennig et al., 2014). 
Provenance studies can identify sources and provide 
tectonic insights of great value by identifying areas 
of elevated crust. 
 
PROVENANCE 
 
Isotopic age data from zircons has added 
significantly to our understanding of the age and 
nature of the basement in many parts of Indonesia 
and Malaysia, although there is still much work 
required to fill the many gaps in our knowledge. In 
addition, zircon dating combined with light and 
heavy mineral studies are now significantly 
improving our picture of when and where sediment 
came from. 
 
Quartz-rich sands are widely considered important 
potential reservoirs and are commonly assumed to 
have a continental source and often to be multiply 
recycled. The textural immaturity of many of these 
sandstones is one common clue that these 
assumptions may often be wrong; the widespread 
presence of volcanic quartz is another. A significant 
volcanic contribution to quartz-rich sandstones from 



East Java was advocated by Smyth et al. (2003) and 
since then has been shown to be common in other 
parts of Indonesia. The quartz is mainly the product 
of explosive eruptions and is dispersed widely as 
well sorted airfall ash deposits, later reworked into 
marine sands. Volcanic quartz is often easy to 
recognise (Smyth et al., 2008) but many 
monocrystalline quartz grains cannot be assigned a 
type (e.g. plutonic, volcanic, metamorphic, 
hydrothermal) on the basis of optical microscopic 
examination alone. Quartz cathodoluminescence 
has been used by Gunawan et al. (2014) to show 
that Triassic sandstones from the Bird’s Head, 
which have previously been considered to have a 
purely continental provenance, contain a substantial 
proportion of volcanic quartz, in addition to quartz 
of mainly low-grade metamorphic origin. The 
conclusion is supported by the large proportion of 
detrital zircon ages that are close to the depositional 
age of the sandstones. The sandstones have two 
main sources, one interpreted to be volcanoes at the 
active northern New Guinea margin, north of the 
Tasman Line, and the other to be Precambrian 
basement of northern Australia. 
 
Triassic and Jurassic sandstones from the outer 
Banda Arc islands of Timor, Babar and Tanimbar 
are also commonly texturally immature, contain 
some volcanic quartz, and have zircon populations 
that closely resemble the Triassic sandstones of the 
Bird’s Head (Zimmermann and Hall, 2014). As in 
the Bird’s Head sandstones there is a variable 
component of northern Australian continental 
zircons but most of the sandstones appear to contain 
detrital material derived mainly from the Bird’s 
Head. This is a surprising find since it has generally 
been assumed that quartz-rich sandstones of the 
outer Banda Arc islands were deposited on the 
distal parts of the Australian continental margin by 
rivers draining the Australian continent. This 
discovery also supports the view that the Bird’s 
Head has been in a similar position relative to 
Australia since the Palaeozoic, an interpretation 
questioned by Pigram and co-workers (e.g. Pigram 
et al., 1985; Pigram and Davies, 1987; Struckmeyer 
et al., 1993) following the Australia-Indonesian 
mapping of Indonesian New Guinea in the 1980s. 
 
On sediment provenance one cautionary note is 
required. As for many other aspects of geology, 
interpretations of Indonesian geology are commonly 
based on ideas developed in other parts of the 
world. The classic studies of Dickinson (1982) and 
co-workers (e.g. Dickinson and Suczek, 1979; 
Dickinson et al., 1983) to interpret sandstone 
provenance were developed in what was largely 

temperate North America but when applied in 
tropical SE Asia they can mislead (van Hattum et 
al., 2003; Hall and Smyth, 2008; Smyth et al., 
2008a,b; Sevastjanova et al., 2012). Light and 
heavy mineral assemblages may change as a result 
of tropical processes before erosion, and after 
deposition, and this is commonly overlooked. Thus, 
interpretations such as provenance from continental 
blocks based on relative abundance of quartz may 
need to be reconsidered in the light of sandstone 
textures and instability of other sandstone 
components. 
 

CONCLUSIONS 
 

To a significant extent land and offshore 
observations complement one another; they tell 
different parts of the story. Observations on land 
can help understand observations offshore, 
especially where there are no wells, but we need to 
try to extend offshore based on knowledge onshore. 
In Indonesia the field is always changing and it is 
rare to visit an exposure that was available 20 years 
ago. Older observations can be re-interpreted if the 
field records are good, but new observations can 
also be made from new locations. A great deal has 
been achieved to map the country on a 1:250,000 or 
better scale, but compared to Europe and the United 
States, mapping is still at a reconnaissance level. 
There are certainly discoveries to be made. 
 
There is a vital need for new fieldwork in Indonesia. 
Recycling old maps and field descriptions is not 
enough. Much of what is in the literature needs to 
be treated with care; so much is recycled and when 
information is traced back to the original sources it 
is often found that surmises and speculations have 
morphed into ‘facts’ and conventional wisdom. This 
is not intended to diminish the importance of the 
literature; too few people have the time or 
inclination to go back to the original sources, which 
is a pity, but previous work should be a starting 
point not a conclusion. Even the best of past 
observers lacked many concepts that influence our 
observations today (e.g. turbidites were not a topic 
of discussion before the 1960s, and the meaning of 
fabrics in deformed rocks had hardly been 
considered, to give just two examples) and the 
methods available to provide essential data were 
just beginning development and/or application (e.g. 
there were no methods to determine the sense of 
displacement on shear zones, isotopic dating has 
advanced with new approaches and equipment, no 
SRTM, ASTER, multibeam images, etc.). 
 

Many emerging ideas are still to be incorporated in 
the background to regional exploration at all levels. 



Ideas about tectonics from other parts of the world 
(Atlantic passive margins, core complexes) continue 
to change rapidly and need to be included in our 
thinking, but even more importantly the geology of 
Indonesia needs to be better understood based on 
observations in the region. In my view this is a 
unique region and models used should be those 
developed for the region from the region, to include 
a better understanding of heatflow, the role of 
collision versus extension, granite magmatism, rates 
of processes, the nature of strike-slip plate 
boundaries, the list is long. The studies reported in 
this IPA Special Session illustrate the exciting and 
surprising insights that have been discovered in 
recent years, and should encourage us that there is 
much more to come. 
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Figure 1 – Subduction can be viewed in two ways. A. A conventional view of subduction in which one plate 

is moving towards a stationary upper plate and is subducted beneath it. Magmas are produced at 
the volcanic arc as water is released from the subducted plate and its sedimentary cover, causing 
melting of the mantle wedge above the subducted plate. In this model the trench and arc remain 
in a fixed position. B. An alternative view of subduction in which the subducted plate ‘falls’ into 
the mantle under the influence of gravity. Subduction is maintained by rollback of the subduction 
hinge which results in the movement of the trench and arc in an oceanward direction. Subduction 
can be maintained without any convergence between the plates. In this case the upper plate is 
extended and thins, and new mantle must rise into the wedge, to allow rollback to continue. Both 
ways of looking at subduction are valid, and both may operate at different times, or in different 
places, for the same subduction zone. 

 



 
 
 
Figure 2 –  Cartoons to illustrate how extension of the upper plate may occur during subduction rollback. A. 

The initial situation in which there is subduction beneath continental crust, simplified into upper 
and lower parts, and mantle. Extension is accomplished by the development of major faults that 
cut through the entire crust. B. As rollback proceeds a major detachment fault cuts through the 
crust causing part of the lower crust to be exhumed. Thinning and inflow of mantle below the 
stretched crust cause uplift of the thinned lower crust and subsidence of the thinned upper crust. 
Melting may occur in the thinned region due to increased heatflow as hot mantle rises. C. If 
extension continues the crust may be completely broken, allowing mantle to reach the surface or 
leading to formation of new ocean crust between stretched remnants of continental crust. Both 
uplift and subsidence accompany extension. 

 


