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From the Editor
Dear Readers,
We are really glad to deliver
another volume of Berita
Sedimentologi to your desk.
This
issue
is
Berita
Sedimentologi No. 44, which
was initially planned for rollout in September, but finally
published in October.
The
content
of
Berita
Sedimentologi No. 44 is quite
diverse despite its number of
articles is only three. On p. 5,
you will find a field work
paper contributed by Ricky
Tampubolon and Yan Rizal on
sedimentary facies of the
upper
part
of
Tapak
Formation, Banyumas area,
Central Java. On p. 11,
Nugraha Ardiansyah et al.
provide a summary on the

geodiversity
of
CiletuhPalabuhanratu
UNESCO
Global Geopark, which is
located in Sukabumi, West
Java. The last paper on p. 19
is written by Aldo Febriansyah
and S. Husein who review
various orogenic belts in
Indonesia. This is a huge
article
that
provides
an
overview
of
Indonesia’s
various thrust fold belts’
development based on recently
published papers by many
researchers. We hope they will
be useful to our readers.
The next volume of Berita
Sedimentologi is planned for
publication
in
December
2019. At the moment, we are
already
reviewing
some
manuscripts, nevertheless we
are still seeking for more

potential authors to contribute
for this volume. If you are
interested to submit your
manuscripts
to
Berita
Sedimentologi No. 45 and
beyond, please contact myself
or one of our editors. We
accept articles on any topics
related
to
sedimentary
geology, structural geology,
basin
analysis,
petroleum
geology and even general
geology. If you have doubt
about how you can contribute
to
Berita
Sedimentologi,
please do not hesitate to email
us.

Best regards,
Minarwan
Chief Editor
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About FOSI

T

he forum was founded in
1995 as the Indonesian
Sedimentologists
Forum
(FOSI). This organization is a
communication and discussion
forum for geologists, especially for
those dealing with sedimentology
and sedimentary geology in
Indonesia.
The forum was accepted as the
sedimentological commission of
the Indonesian Association of
Geologists (IAGI) in 1996. About
300 members were registered in
1999, including industrial and
academic fellows, as well as
students.

FOSI has close international
relations with the Society of
Sedimentary Geology (SEPM) and
the International Association of
Sedimentologists (IAS).
Fellowship is open to those
holding a recognized degree in
geology or a cognate subject and
non-graduates who have at least
two years relevant experience.
FOSI
has
organized
three
international conferences in 1999,
2001 and the most recently in
2018.

team. IAGI office in Jakarta will
help if necessary.

The official website of FOSI is:
http://www.iagi.or.id/fosi/

Most of FOSI administrative work
will be handled by the editorial

FOSI Membership
Any person who has a background in geoscience and/or is engaged in the practising or teaching of
geoscience or its related business may apply for general membership. As the organization has just been
restarted, we use LinkedIn (www.linkedin.com) as the main data base platform. We realize that it is not
the ideal solution, and we may look for other alternative in the near future. Having said that, for the
current situation, LinkedIn is fit for purpose. International members and students are welcome to join the
organization.

FOSI Group Member
as of October 2019:
986 members
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SEDIMENTARY FACIES OF THE UPPER PART OF TAPAK
FORMATION IN BANYUMAS AREA, CENTRAL JAVA
Ricky Andrian Tampubolon1 and Yan Rizal2
Odira Energi Karang Agung PSC, 2Institut Teknologi Bandung

1

ABSTRACT
The upper part of Tapak Formation in Kali Cimande of Banyumas area shows a good example of
tidal flat succession. The interval consists of alternating sandstones, siltstone and mudstone that
show a fining and thinning upward bedding pattern and includes sand flat, mixed flat and mud flat
sedimentary facies. The sand flat facies is characterized by medium-grained sandstone, moderately
sorted, with cross-lamination sedimentary structures and bioturbation trace fossils (Skolithos) found
mostly on the top of sandstone layer. The mixed flat facies is characterized by an alternation of thin
layered sandstones with mudstone and siltstone, with lenticular, wavy, and flaser sedimentary
structures. This facies contains many forms of bioturbations, such as Planolites, Thallasinoides,
Lockeia, and Ophiomorpha. The mud flat facies is characterized by repeated claystone and thin
sandstone intercalation, where the ratio of clay content being more than 95 % of the total layers, and
contains abundant Lockeia trace fossil. The Upper Tapak Formation in Banyumas basin has
moderate reservoir potential.
Keywords: Tapak Formation, Tidal Flat, Banyumas

INTRODUCTION
Kali Cimande (Cimande River) is located in the
synclinal part of Banyumas Basin (Figure 1). The
outcrop along Kali Cimande shows good example of
tidal flat succession that was deposited during a
Pliocene regressive event, where the depositional
environment changed from deep water during Middle
Miocene to shallow water following the inversion
(uplift) event in the Middle Miocene to PlioPleistocene.
The study area is covered by Majenang Geological
sheet of GRDC, mapped by Kastowo and Suwarna
(1996). This area is showing a complicated structure
as deformation was very intense in this area (Figure
2). Some alteration and gold mineralization were
found along with this structure in the area.
Several hydrocarbon seepages were found along the
NW–SE-oriented Cipari anticline. Mulhadiyono
(2006) reported that one of the potential reservoirs
where oil seepage was found occurs within Tapak
Formation. The oil seepage that penetrated through
Tapak Formation was observed in Bumiayu Area.
KRG-1 well was drilled in 1992 by Pertamina with
the target to test Tapak Formation. However, the
drilling was discontinued after 1851m and without
hydrocarbon shows. This well penetrated only three
meters of Tapak Formation carbonate and 1800m of
Halang Formation (Figure 3). The failure to discover
hydrocarbon caused this area to be considered as
un-prospective.
Number 44 – October 2019

Kastowo and Suwarna (1996) subdivided the
stratigraphy of South Serayu Mountain into seven
formations. Tapak Formation was deposited in the
Early Pliocene and was subdivided into two
members, namely Lower Tapak and Upper Tapak
Members (Djuri et al., 1996).
The Lower Tapak Member is characterized by
interbedded coarse sandstone and marl, greenish
sand, conglomerate and breccia in many spots. The
Upper
Tapak
Member
contains
calcareous
sandstone, limestone, and marl with mollusk
fragments. Locally, reefal limestones can also be
found (Marks, 1957). The thickness of the Tapak
formation is about 500 m and it was deposited in
shallow marine environments (Kertanegara et al.,
1987).

DATA AND METHODS
This study is basically based on a field-work
observation that took place at Cimande River,
Banyumas Area. The location was preferred out of
many other candidates because it is believed that the
stratigraphy represent the vertical succession of the
Upper Tapak Formation and furthermore, thick and
continuous sedimentary rock are exposed along this
river. Ninety meters of continuous outcrop was
measured and described in details. Some rock
samples were taken and used for petrography and
biostratigraphy analyses.
Page 5 of 43
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Figure 1: The location of study area is located in blue rectangle. The PCFZ fault of Armandita et al. (2010)
is shown by regional NE-SW trending along with Pliocene Basin of Lunt (2008) shown by green shaded
area in the map. There are many oil seeps found in this area. The Maja-1 is the first exploration well in
Indonesia. The stratigraphy column is adapted from Satyana (2007).

REGIONAL GEOLOGY
The study area is located in the blue rectangle on
Figure 1, which is part of the Cipari Anticline trend,
where many oil seeps have been found. The area is
also where a regional, NW-SE-oriented fault zone
namely Pamanukan-Cilacap Fault Zone (PCFZ)
developed (Armandita et al., 2010). This fault zone
contains Miocene-Pliocene volcaniclastic turbidites.
However, on geological map, the faults are mostly
showing NE-SW trend, which probably belong to
antithetic faults of the PCFZ. The Pliocene basins,
which include Citanduy and Bobotsari Basins of
Lunt (2008), are shown in green shaded area with
NE-SW trend, which some are already covered by
recent volcanoes. The Tapak Formation is grouped

Number 44 – October 2019

into Pliocene sediment that well developed along the
Pliocene basin.

OUTCROP OBSERVATION,
INTERPRETATION

RESULTS

AND

The Tapak Formation of the study area shows
similarity to those described by Kastowo and
Suwarna (1996). It is characterized by a light grey,
calcareous sandstones, fine to medium grain size,
moderate to poorly sorted, fair porosity, with
abundant bioturbations and some skeletal grains.
The compositions are dominated by fossil fragments,
plagioclase and quartz, cemented by carbonate
material.

Page 6 of 43
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Figure 2: Geological map of the study area and the location of measured sections for Tapak Formation.
The thickness of the sandstone layers varies from
10cm to 120cm. The mudstone is grey to greenish
grey, calcareous, contains foraminifera and shell
fragments. The calcarenite limestone is yellowish
grey, fine grain size, well sorted, compact and hard,
generally present as thin bedding. The sandstone
interbeds show fining and thinning upwards
succession with lenticular, wavy, and flaser
sedimentary structures. The planktonic forams show
a N19-N20 (Early Pliocene) of Blow Zonation and the
observed benthonic foraminifera include Dentalina
sp., Nonion sp., Quinqueloculina sp., and Lagena sp.,
which all show a tidal to inner neritic depositional
environment.
The abundance of tidal flat trace fossils indicates
that the Upper Tapak Formation in the study area
was deposited in the tidal flats, which are part of the
intertidal zone. Based on lithological characteristics
and patterns of succession and trace fossil content,
the depositional environment of the intertidal zone
can be subdivided into sand flat facies, mixed flat
facies, and mud flat facies (Desjardins, 2012).
Sand Flat Facies Association

grain size, moderately sorted, cross-lamination and
Skolithos trace fossils at the upper part. Based on
microscopic analysis the sandstone is feldspathic
wacke, moderately to poorly sorted, open package
(point / concavo / sutured contact), grains (50%)
consist of plagioclase, quartz, mafic minerals, opaque
minerals, rock fragments and foraminifera fossil
fragments of benthic and planktonic, rounded angular shape, matrix (20 - 30%), cement (10 - 15%),
porosity (10-15%) in the form of moldic,
intergranular, intergranular (Figure 4).
The thickness of this facies succession is around
10m. The vertical succession of this facies can be
seen on Figure 4.
Mixed Flat Facies Association
This facies association is characterized by
interbedded of thin layered of fine sandstone and
mudstone. The thickness of sandstone varies from
1cm to 10cm, is rich with lenticular, wavy, and flaser
sedimentary structures. The sand and mudstone
alternation
contain
bioturbations,
including
Planolites, Thallasinoides, Lockeia, and Ophiomorpha
(Figure 5).

This facies association is composed of sandstone
with mudstone intercalation. Sandstone has medium
Number 44 – October 2019
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Figure 3: Seismic line through KRG-1 well that penetrated Tapak Formation (Lunt et al., 2008).

Mud Flat Facies Association
This facies association is characterized by alternation
of thin layered mudstone, siltstone and sandstone
with sandstone intercalation, which is characterized
by mudstone content of >95% of the total layer
(Figure 4). The alternation contains abundant
Lockeia trace fossil.
Reservoir Potential
Based on visual porosity estimation during
petrography analysis, the sandstone of sandflat
facies has approx. 10% -15% of porosity and this can
be categorized as having moderate porosity
(Ehrenberg and Nadeau, 2005). Therefore, the Upper
Tapak Formation may have moderate reservoir
potential. Thick sandstone in the sand flat facies,
with moderately to poorly sorted and moderate
porosity are necessary to provide hydrocarbon flows
in the Banyumas Basin. This fact is proven by oil
seepages that penetrated through the Upper Tapak
Formation along Cipari Anticline

sand (50-60%) in sand flat to mixed flat area which
can be a good reservoir potential.
The thick claystone of mud flat facies can be the top
seal to prevent hydrocarbon flowing from the sand
flat facies and keep the hydrocarbon preserved along
the anticlines in the Banyumas Basin, such as the
Cipari and Banyumas Anticlines.
Another well-preserved Tapak Formation outcrop
that also have reservoir potential can be seen in
Wanasuta area, where the Tapak Formation show
60-70% sand-shale ratio (Figure 6). It is also showing
a similar fining and thinning upward with abundant
bioturbations.
However, the abundance of bioturbations can either
destruct or enhance the porosity. More routine and
special core analysis is needed to get a better
evaluation of the reservoir quality.
There is no question of the source rock presence
since many oil seepages have been found in this
area.

However, the sand-shale ratio along the measured
section in Cimande area shows a good percentage of
Number 44 – October 2019
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II

I

III

Figure 4: (I) The profile of Tapak Formation in Cimande area, (II) The petrography of sand flat facies
association, and (III), (a) lenticular, (b) wavy lamination, and (c) flaser sedimentary structure.

Figure 5: (A) Outcrops of sandstones and mudstone alternation (mixed flat facies associations)
with bioturbation (B) Planolites, (C) Ophiomorpha, (D) Zoophycos, and (E) Lockeia.

Number 44 – October 2019

Page 9 of 43

Berita Sedimentologi

[Pick the date]
implication to the petroleum system. Proceedings
of AAPG Annual Convention & Exhibition 11-14
April 2010, New Orleans. AAPG Search &
Discovery Article #90104.
Desjardins, P., L. A. Buatois, and M. G. Mangano.,
2012. Tidal Flats and Subtidal Sand Bodies
Development in Sedimentology vol.64, Elsevier.
Djuri, M., Samodra, H., Amin T. C., and Gafoer, S.,
1996. Geological Map Sheet of Purwokerto-Tegal,
scale
1:100.000,
Geology
Research
and
Development Center, Bandung.
Ehrenberg, S. N., and P. H. Nadeau, 2005,
Sandstone versus carbonate petroleum reservoirs:
A global perspective on porosity-depth and
porosity-permeability relationships: AAPG Bulletin,
v. 89, p. 435–445, doi: 10.1306/11230404071.
Kertanegara, L., Uneputty,H., and Asikin, S., 1987.
Stratigraphy and Tectonic position of North Central
Java Basin during Tertiary Period, 16th Proceeding
of Indonesian Geologist Conference, Bandung.

Figure 6: Profile of Tapak Formation showing
a variety from sand flat, mixed flat, and mud
flat in Wanasuta area.

CONCLUSION
The Upper Tapak Formation at Kali Cimande area
consists of a repeating succession of sandstone
with siltstone and mudstone with layering pattern
of fining and thinning upward. Its facies
associations consist of sand flat, mixed flat, and
mud flat facies associations. There is a reservoir
potential for this formation based on its visual
petrography and high sand-shale ratio. However, it
needs to be confirmed by routine and special core
analysis.
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GEODIVERSITY OF CILETUH-PALABUHANRATU UNESCO
GLOBAL GEOPARK, SUKABUMI, WEST JAVA
Nugraha Ardiansyah, Katon Sena Aji Nugraha, Rinaldi Ikhram
Universitas Padjadjaran

ABSTRACT
Ciletuh-Palabuhanratu UNESCO Global Geopark (CPUGG) is located in the southwest of
Sukabumi Regency, West Java, Indonesia. It covers an area of 126,000 ha or 1260 km 2. CPUGG
has several rare geodiversity features that can be classified into the theme: “The subduction zone
uplifted, Ancient magmatic zone shifting and fore arc evolution”. This paper presents a summary
of geodiversity features within CPUGG, Data sources are to be found on CPUGG’s website and in
the scientific publications in the references. Within CPUGG 24 geosites contain one or more
objects. All are of local, national, and international value. In addition, each geosite has also
applications in scientific research, educational and touristic value or both. The geosites are:
Cisolok Geyser (the only geyser in Indonesia), the Mega Amphitheatre (the Biggest Natural
Amphitheatre in Indonesia), the Pasir Luhur Complex (Metamorphic Rocks) and the Gunung Beas
Complex (Ophiolites). Some heritage sites contain rare rocks and fossils such as Ciletuh
Formation (Batu Naga, Karang Daeu, etc.) the oldest sedimentary deposits in West Java.
Keywords: Geodiversity, Geopark, Mega Amphitheater, Cisolok Geyser, Metamorphic Rocks,
Ophiolite, Ciletuh-Palabuhanratu, Sukabumi
INTRODUCTION
The Ciletuh-Palabuhanratu Geopark is located in
the southwest of Sukabumi Regency, West Java,
Indonesia. It covers an area of 126,000 Ha, or 126
km2 and is bound by the following coordinates:
- in the north: 106031'33.96" East Longitude and 6046'6.6 South Latitude;
- in the east of 106041'27.6" East Longitude and 701'41.88’' South Latitude;
- in the west part of 1060 34'20.64" East Longitude
and -7025'9.12” South Latitude; and
- in the north 106022'9.12" East Longitude and 7014'3.84" South Latitude.
The Ciletuh–Palabuhanratu Geopark is easily
accessible from major cities nearby such as
Jakarta, Bandung, Bogor and Sukabumi (Figure 1).
It is situated in a tectonically active zone; the
subduction zone between the Eurasian plate and
the Indo-Australian (Indian Ocean) plate. They
continue to move toward each other at nearly 4
mm/year. Evidence of a similar subduction process
during the Cretaceous can be seen in the southern
part of Ciletuh- Palabuhanratu Geopark in rock
formations that were formed within a very deep
trench created by subduction. The complex of rock
formations includes ophiolithic mantle rocks
(peridotite, gabbro, plagiogranite, amphibolite and
pillow lava basalts); metamorphic rocks formed by
medium to low metamorphic processes during subNumber 44 – October 2019

Figure 1: Location of CiletuhPalabuhanratu Geopark
Page 11 of 43
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Figure 2: Model of Gravity Collapse mechanism in formation of Ciletuh Amphitheatre (Nugraha, 2016)
duction; (mica schist, greenschist and serpentine)
and deep marine mixed sedimentary rocks as a
melange complex of Ciletuh Formation.
This area can be called “the first emerging land of
Western Java Island”. The center part of the
geopark area the Jampang highland or “Jampang
Plateau”, composed of epiclastic products deposited
in a marine environment. The northern part of the
geopark is active volcanic as shown by a geyser,
several hot springs and associated travertine
deposit. It also has hydrothermal potential (Rosana,
2016).

DATA AND METHODS
Gray (2004) defines geodiversity as a range of
diverse geological features and appearances like
rocks, minerals and fossils; geomorphologic
landforms and their forming physical processes)
and soil formation including their assemblages,
relationships, nature, properties and systems as
well as the interpretations of such features. Simply
defined, geodiversity includes all materials,
structures and processes that make and shape the
earth. Materials include minerals, rocks, fossils,
soil and water; while the structures include folds,
faults; and the landscape; as well as the
relationship between rock units. While the
processes include tectonic activity, sedimentation,
soil formation (weathering), volcanic activity, and
others.
Geodiversity, according to Gray (2005), could have
a range of values that can be grouped under the
following criteria: Intrinsic or Existence values,
related to the existence of natural resources
disregarding the value of their; Cultural Values,
including folklore, archeology or history associated
Number 44 – October 2019

with the rock formation or the landscape, spiritual
sensation / imagination; Aesthetic value in the
form of landscapes appeal to a wide range of geotouristic
impressions
activities
including,
inspiration for painting and photography; Economic
Value, covers the natural resources that provide
beneficial economic aspects such as energy
resources, industrial minerals, metallic minerals,
gemstone, construction materials; Functional value
includes subsurface rocks as the reservoirs of
water, oil and gas; mineral resources vital to health;
radioactive waste storage area; as filter of water.
Soils are vital for agriculture, viticulture, and
forestry; and important source to prevent flooding;
and are part of an ecosystem. Scientific values, for
research, education and training of earth science,
history of the planet, climate change processes, as
well as human life.
Geological sites in the Ciletuh-Palabuhanratu
Geopark can be grouped by type as follows:
1. Landscape
2. Geyser
3. Waterfall
4. Rare rocks
5. Small islands
6. Beach
7. Aesthetic rocks

LANDSCAPE
The Biggest Natural Amphitheatre or Mega
Amphitheater landscape is 15 x 9 km² in diameter
and is believed to be the largest natural
amphitheater in Indonesia. This spectacular
landform is caused by gravity collapse as shown in
Figure 2. The phenomenon is rare and valuable and
shows movements that have occurred in the earth
crust. Such gravity collapse structures also result
Page 12 of 43
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in tectonically induced triangular faced morphology
and in several waterfalls along the amphitheater

wall. The flat stratification layering of the sediment
is clearly visible within the waterfall.

GEYSER

Spouting
geysers
and
hot
springs
have
temperatures
ranging
from
40-98°C,
and
approaching an acidity of pH 7. They are relatively
safe to use as bathing place. The Cisolok has
geothermal potential for about 50 Mw.

Cisolok geyser is evidence of magmatic and
hydrothermal activity in the Southern part of West
Java. Its existence cannot be seen in separation
from ongoing plate movement and subduction
processes in southern Java. Geysers work through
a combination of heat, water and an underground
plumbing system. Without any of these factors the
geyser cannot spray steam into the air.
Geyser bursts occur when the magma heats the
surrounding rocks that heat underground water,
and produce enough pressure at temperatures
above the boiling point. When the over pressured
water works its way up to the surface, the pressure
is released, which causes a sudden, massive boil
over. This ejects the water creating a geyser. A
spray of water on the surface produces a white
precipitate called travertine (carbonate) because on
the way to the surface, the water dissolves
carbonate rock formations or limestone.
Sometimes it also produces a yellow sulfurous
precipitate.
Some hot springs are also encountered along the
Cisolok River, but they do not have the plumbing
system required to generate the pressure needed to
form a geyser. Therefore, hot springs just come out
as seepages and not as bursts of hot water to the
surface.

In the Cisolok area, one also finds an alteration of
rocks due to hydrothermal process that are
associated with the formation of gold and silver
bearing quartz veins (Mandradewi and Herdianita,
2010).
WATERFALL
The formation of waterfalls is closely related to
activity of normal faults along which most of the
plateau experienced a large avalanche that forms
an overall horse-shoe morphology. That became
known as the mega amphitheater of Ciletuh. There
are at least ten spectacular waterfalls in CiletuhPalabuhanratu Geopark. They are generally found
on the walls surrounding the mega amphitheater,
and are from north to south: Cimarinjung, Sodong,
Ngelai, Cikanteh, Cikaret, Puncakjeruk, Awang,
Tengah, Puncakmanik, and Luhur waterfalls. In
addition, there are some more waterfalls.

Figure 3: Geological Section of Cisolok geyser

Number 44 – October 2019
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Figure 4: Formation of a waterfall

RARE ROCKS AND FOSSILS
Some geological heritage sites are rare rocks and
fossils such as ophiolite rocks and metamorphic
rocks older than 60 million years and sedimentary
rock composed of mélanges of rock types including
some with Nummulites fossils of Eocene age.
Ophiolite rocks are derived from oceanic crust and
consist of: peridotite, layered gabbro, gabbro dike,
plagiogranite, and pillow lava that is covered by
deep sediments of chert. The metamorphic rock

results from the subduction process between the
continental and the oceanic crust, due to high
pressures and/or high temperatures. This rock
consists of: mica schist, green schist, amphibolite
and serpentinite. The sedimentary rocks consist of
quartz sandstone at the top and a mélange of rock
types at the bottom. This sedimentary rock is
named the Ciletuh Formation.

Figure 5a: Outcrops of Rare Rocks (Oldest rocks in West Java)
Number 44 – October 2019
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Figure 5b: Another outcrops of Rare Rocks (Oldest rocks in West Java)

SMALL ISLAND
There are some exotically shaped small islands in
the Ciletuh-Palabuhanratu Geopark, generally
composed of fresh rock and covered by a few small
trees and grasses. These islands sometimes have
unique shapes resembling animals, such as turtles,
rhino’s heads, and crouched rabbits or lying
poodles. The unique shape of those islands is the
result of erosion, and abrasion by seawater. The
islands that can be visited by boat from Palangpang
waterfront are: Karang Daeu, Mandra, Manuk,
Kunti and Batubelah islands.

Figure 6: Small islands of Ciletuh-Palabuhanratu Geopark
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BEACH
The beauty of the beaches in the CiletuhPalabuhanratu Geopark is well known by tourists.
The beaches are quite spacious and form ramps, as
well as white sandy beaches. However, not all
beaches are safe for swimming and for boat

approach. Boats are generally only able to land on
the Palangpang, Cikadal, Batununggul, Cikepuh
and Ujunggenteng beaches. The other the beaches
are difficult to land on by boat, because rocks and
reefs make approach unsafe. Some beaches often
serve for nesting by green turtles. Examples are
Cibulakan, Citirem and Pangumbahan beaches.

Figure 7: Beach of Ciletuh-Palabuhanratu Geopark

AESTHETIC ROCK
Along the coast between Cikadal, Batununggul until
Cikepuh, there are a number of uniquely shaped
rocks, resembling various types of animal, such as
frogs, the head of a rhino, buffalo, crocodile, and
head of komodo, dragon, lion’s head, the eagle’s head
and a fence as well as the batik pattern. Such unique
sedimentary rocks are composed of quartz sandstone
parts of the Ciletuh Formation. They were formed in
deep sea environments and are older than 45 million

Number 44 – October 2019

years. Geological processes brought these rocks to
the surface where they underwent erosion and
abrasion by waves. This resulted in their current
forms. It is advisable to visit these rocks between
April to November, when sea conditions are relatively
calm and the waves are not harmful. Outside of
those months the monsoon generally causes very
large ocean waves to form which makes shipping
dangerous. The ocean waves are usually very large
near these rocks, so that the boat cannot approach
and land at this location.
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Figure 8: Unique-Shape Rocks formed by erosion process (Ikhram et al., 2017)

Figure 9: Geological section model of Batu Naga (Ikhram et al., 2017)

CONCLUSION
Ciletuh-Palabuhanratu Geopark has 24 geosites
with different characteristics; four of them are
considered the most outstanding because they are
very unique and rarely found in other places both
in Indonesia and around the world. Thus, they have
international significance and educational and
tourism appeal. They are: Cisolok Geyser: The only
geyser in Indonesia, Mega Amphitheatre: The
Biggest Natural Amphitheatre Landscape in
Indonesia, Pasir Luhur Complex (Metamorphic
Rocks) and Gunung Beas Complex (Ophiolite):
Geological heritage site exists in the form of rare
rocks and fossils, Ciletuh Formation (Batu Naga,
Number 44 – October 2019

Karang Daeu, etc.). The oldest sedimentary deposits
in West Java.
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ABSTRACT
Regional overview to the thrust wedge systems in Indonesia attempts to compile and review
geologic settings related to the development of basement uplift and fold-thrust belts. Overview
will be represented in orogenic belts of different geologic settings: Langsa Fold-Thrust Belt (North
Sumatra Basin), Banyumas Fold-Thrust Belt (Western Central Java), Kutei Basin, West Sulawesi
Fold-Thrust Belt (Lariang-Karama Basins and Makassar Straits), Offshore Northern BanggaiSula, Misool-Onin-Kumawa Ridge, Berau-Bintuni Basins, and Lengguru Fuld-Thrust Belt. Key
ideas and discussions encompass surface structural geology, geomorphology, and subsurface
geology. Aiming to draw the big pictures, the integrated approaches will elaborate the
relationship of thrust wedge system with strike-slip faulting as adjoining structural province.
Geomorphology will be the basis to construct regional structural maps, while seismic images and
regional cross-sections will contribute to subsurface reconstructions. Synthesis will highlight
similarities on geomorphic features, associated structures to thrust wedge system, Pliocene –
Recent as critical time to orogenic building in Indonesia, geodynamic significance of strike-slip
faulting, and geodynamic settings related to thrust wedge system in Indonesia. Thrust wedge
orogenic belts share curvilinear thrust faults traces and intensive folding near mountain front. On
the other hand, associated structures to thrust wedge include synclinal feature in thrust front,
detachment folds, and transpressive-transtensional fault reactivation. Strike-slip faults may act
as separate or associated structures in thrust wedge orogeny. Separate strike-slip faults can be
observed as Sumatran Fault, Palu-Koro Fault, Balantak Fault, and Tarera-Aiduna Fault that act
in response to slip partitioning or shift in deformation. Reactivated faults and tear faults are
considered as associated structures to thrust wedge system. Thrust wedge system develops in
both subduction and collisional tectonics.
Keywords: thrust wedge system, orogenic belts, geomorphology, subsurface geology, Indonesia
INTRODUCTION
Regional tectonics of Indonesia has evolved within
convergent settings until Recent. This overview
attempts to compile and review geologic settings
related to the development of thrust wedge. In order
to construct comprehensive overview, six orogenic
belts are selected to represent various geologic
settings: Langsa Fold-Thrust Belt (North Sumatra
Basin), Banyumas Fold-Thrust Belt (Western
Central Java), Kutei Basin, West Sulawesi FoldThrust Belt (Lariang-Karama Basins and Makassar
Straits), Offshore Northern Banggai-Sula, and
Lengguru Fold-Thrust Belt and Berau-Bintuni
Basins (extending from Onin Mountains, Misool
Islands, and Obi Islands) as depicted in Figure 1.
Discussions on this overview range from surface
structural geology, geomorphology, and subsurface
geology. Integrated approaches are aimed to draw
Number 44 – October 2019

the big pictures and elaborate the relationship of
thrust wedge system with strike-slip faulting as
adjoining structural province.
Thrust wedge systems in this overview are entirely
basement-involved structures. Similarities are
related to geomorphic expressions, surface
stratigraphic
distributions,
and
structural
association. Such similarities will be a guide to
explore other possible thrust wedge systems in
Indonesia. On the other hand, differences are
captured in adjoining structural provinces and
geologic
settings.
Otherwise,
geodynamic
significance of strike-slip faulting will also be
addressed.
Role
of
strike-slip
faulting
in
restructuring and its position relative to thrust
wedge systems will be outlined. Eventually, thrust
wedge orogenic belts can develop in wide-ranging
settings in Indonesia, precisely as a part of
subduction or collisional tectonics.
Page 19 of 43
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Figure 1: Coverage of Study Areas
DATA, METHODS AND TECTONIC CONCEPTS
Important tectonic concepts and interpretation
techniques will be briefly outlined. Geomorphology
and subsurface geology became the basis of
structural frameworks on this overview. Data
involved in the discussion include ASTER Global
Digital Elevation Model (ASTER GDEM, 75-m
spatial resolution) and published multi-beam data
for geomorphology and published seismic images
and cross-sections for subsurface geology. ASTER
GDEM is a product of Japan Ministry of Economy,
Trade, and Industry (METI) and NASA.

As expressed in Figure 2, geomorphology took role
in defining regional structural maps, while seismic
images and regional cross-sections produced
subsurface
reconstructions.
Analyses
on
geomorphology and subsurface geology would be
synthesized on the following five issues: similarities
on geomorphic features, associated structures to
thrust wedge system, Pliocene – Recent as critical
time to orogenic belts emergence across Indonesia,
geodynamic significance of strike-slip faulting, and
geodynamic settings related to thrust wedge
systems.

Figure 2: Thrust Wedge Indonesia Research Workflow
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Important guidance on geomorphic interpretations
for structural geology was brought from Burbank
and Anderson (2012). Each fault type has
distinctive geomorphic expressions. Thrust faults
commonly cut the surface in low angle at about
30o. However, in reality, thrust faults can emerge at
any angle. Concerning its low angle intersection to
the surface, thrust faults generally have highly
sinuous traces than normal faults (Burbank and
Anderson, 2012). Thrust faults encounter strong
influence from topography. In contrasts, normal
faults cut the surface at high angles (~50 – 70o).
Normal faulting is typified by down-dropped
hanging wall blocks and uplifted horsts. Some
cases also show unpaired normal faulting
producing half-grabens or fault-angle depressions
(Burbank and Anderson, 2012). Strike-slip faulting,
meanwhile,
produces
varying
geomorphic
expressions.
Various
arrangement
and
anastomosing nature of strike-slip faulting
contribute
to
varying,
though
distinctive,
geomorphic
expressions.
Strike-slip
faults
commonly have straight segment, but, once in a
while, relates to bending and curved fault segments
(Burbank and Anderson, 2012). For example,
releasing bend leads to depression and restraining
bend generates compressive structures.
Thrust wedge can be based on a non-cohesive,
frictional Coulomb wedge model (Nemcok et al.,
2016). Critical taper, its basic physical parameter,
will be achieved and attained by thrust wedging. A
critically tapered wedge accretes no new material
and is a thinnest possible thrust-belt (Nemcok et -

[Pick the date]
al., 2016). No further internal deformation as
thrust
wedge
advances
above
detachment.
Thickening of thrust wedge relates to four possible
factors: contractional inversion of former basins;
out-of-sequence
thrusting
along
pre-existing
thrusts; back-thrusting; and duplexing along
detachment (Nemcok et al., 2016). On the contrary,
excessive wedge taper leads to accretion of new
materials and lengthening of deformation zone, or
collapse near the top of wedge and gravitational
instabilities (Nemcok et al., 2016).
In regional context, DeCelles and Giles (1996)
proposed a conceptual framework. Flexural basins
can be seen in two settings: peripheral and retroarc
settings.
Peripheral
setting
involves
topographic, sediment, and subduction loads.
Subduction load refers to vertical shear force and
bending moments at the end of subducting slab.
On the other hand, retro-arc setting also
incorporates dynamic slab loads caused by viscous
coupling between the subducting slab, overlying
mantle wedge material, and the base of overriding
continental plate. Dynamic slab loads result in
rapid, long-wavelength subsidence and uplift on the
order of a kilometer (DeCelles and Giles, 1996,
Figure 3a). An example of retro-arc setting can be
seen in Sumatra-Java to Karimunjava Arch (Figure
3b). Mountain range along Sumatra-Java acts as
orogenic wedge, while Karimun Java to BangkaBelitung act as forebulge. Basins that located inbetween the two provinces can be regarded as
foredeep.

Figure 3: Schemes of (a) settings of Foreland Basin; (b) Sumatra-Java and Karimunjava Arch Example
(DeCelles and Giles, 1996)
Number 44 – October 2019
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REGIONAL GEODYNAMICS
Indonesia is a region of complex plate interactions:
the stationary SE-moving Eurasian Plate (c. 0.4 cm
a-1, NNE-moving Australian Plate (c. 8 cm a-1), and
NNW-moving Philippine Sea Plate (Simandjuntak
and Barber, 1996). Complex plate tectonics gives
Indonesia its archipelagoes geometry and various
orogenic events. Looking more precisely, Indonesia
possesses various geologic settings from west to
east. For instance, Sumatra and Java are examples
of subduction-related arcs, which the former
belongs to oblique setting and the latter to
orthogonal setting. In contrast, collided continents
are exemplified by Sulawesi and Papua regions.
Orogenic belts related to thrust wedge system were
selected, each of which represents certain geologic
settings. Regional Recent geodynamic settings of
study areas are given in Figure 4 and basin
dynamics time chart is given in Figure 5. Starting
from west, North Sumatra Basin is a present-day
backarc basin. Its southern and southwestern
boundaries are marked by Barisan Mountains.
Separation between North and Central Sumatra
Basins is Asahan High in its southeastern portion
(Davies, 1984). Adjoining structural province to
North Sumatra Basin is Sumatran Fault. Being a
transcurrent phenomenon, Sumatran Fault is a
result of slip partitioning in oblique subduction
setting (McCaffrey, 2009).

[Pick the date]
Subduction of Java have generated volcanic arcs
throughout
Paleogene
and
Neogene.
Such
volcanism, particularly in West Java, developed well
in the southern portion of the island. It is
manifested as Oligo-Miocene Jampang Volcanics in
Southern West Java (Simandjuntak and Surono,
1992) and Oligo-Miocene Gabon Volcanics in
Karangbolong High of Southern Central Java
(Asikin et al., 1992a). Quaternary volcanism of Java
becomes backbone of the island. Plio-Pleistocene
compression re-structured the island as indicated
by emerging fold belts (Simandjuntak and Barber,
1996). Simandjuntak and Barber (1996) proposed
major northward thrust system in South Java. It is
supported by Martodjojo (1994) who outlines
progradation of five major thrusts of West Java.
Adjoining structural province to Banyumas FoldThrust Belt includes Karangsambung Anticline in
the east, Quaternary Mt. Slamet in the north,
Majalengka Fold-Thrust Belt, and thrusted OligoMiocene volcanics in the south. Karangsambung
Anticline is previously Cretaceous accretion
complex (Simandjuntak and Barber 1996). Asikin
et al. (1992b) described Cretaceous stratigraphic
unit in Karangsambung as Luk Ulo Complex.
Cretaceous Luk Ulo Complex and younger intervals
involved in Plio-Pleistocene deformation.
West Sulawesi was previously attached to East
Kalimantan, drifting away during Paleocene-Eocene
rifting (Hall, 1996). Magmatic arc in West Sulawesi-

Figure 4: Regional Recent Geodynamic Settings: (a) Oblique Subduction Backarc Basin – Modified after
Davies, 1984; (b) Backarc Basin – Wilson and Moss, 1999; (c) Backarc Basin – White et al., 2017; (d)
Intra-arc Setting – (modified after Martodjojo, 1994) (e) Collided Microcontinent – Ferdian et al., 2010; (f)
Collided continent – Birt et al., 2017
Number 44 – October 2019
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Figure 5: Basin Dynamics Time Frame Chart (compiled from various sources cited in this manuscript)
developed during several episodes of subduction
since Late Cretaceous (Hall, 1996; Sukido et al.,
1993; Ratman and Atmawinata. 1993). Several
episodes of subduction in West Sulawesi also led to
slab roll-back, implying to extensional tectonics
between Kutei Basin and West Sulawesi.
Considering this setting, West Sulawesi and Kutei
Basin might develop as backarc basin before
Sulawesi plate assembly. Adjoining structural
provinces to Kutei Basin are Kuching High in the
west, Mangkalihat High in the north, and Adang
Flexure to the south – bordering Kutei Basin to
Barito Basin. Kutei Basin is separated with West
Sulawesi by Makassar Straits. On the other hand,
adjoining structural provinces to West Sulawesi is
Palu-Koro Fault.
Going to East Sulawesi, an important collisional
event occurred during Middle – Late Miocene
between Banggai-Sula Microcontinent with the
ophiolite
belt
(Hall,
1996).
Banggai-Sula
Microcontinent was hypothesized to originate from
Papua New Guinea (Hall, 1996), as it was brought
by Sorong Fault. On the other hand, Berau-Bintuni
Basins are the Australian part of oblique arccontient collision. Oblique northward movement of
Australian Plate collided with Sepik Mountains in
Eocene (Birt et al., 2017), triggering deformation to
get younger towards west. In Recent geodynamics,
Berau-Bintuni Basins adjoin with Seram Trough in
the south and Lengguru Fold-Thrust Belt in the
east.
Geodynamics in Eastern Indonesia is closely related
to the development of Banda Sea. Spoon-shaped
geometry of the Banda Sea triggers questions Number 44 – October 2019

regarding its origin. Spakman and Hall (2010)
argues that spoon-shaped geometry of the Banda
Sea because of three aspects: rollback mechanism,
mantle resistance to northward transport, and the
external trough system enclosing the embayment.
Rollback mechanism in Banda Sea was triggered by
strong negative buoyancy of the Jurassic Banda
Embayment. Such negative buoyancy is also
contemporaneous with the northward transport of
Australian Passive Margin. If subduction trench
along Java remained stationary, the trench of
Banda Sea was moving southwards. The evidence
of rollback mechanism in Banda Sea are the
opening of North (12.5 – 7.1 Ma) and South Banda
Sea (6.5 – 3.5 Ma) (Spakman and Hall, 2010) and
the exhumation of mantle peridotite and cordierite
granite magmatism (ambonite) in Seram-Ambon
Complexes (Pownall et al., 2013). Development of
Banda Sea is contemporaneous to the uplift of
Seram Trough and Lengguru Fold-Thrust Belt since
Late Miocene. Seram Trough, Misool-Onin-Kumawa
Ridge (MOKR), and Lengguru Fold-Thrust Belt
exemplify convergent orogeny in Eastern Indonesia.
KEY IDEAS AND DISCUSSIONS
North Sumatra Basin – Langsa Fold-Thrust Belt
Geomorphic expressions suggest two different
structural provinces in North Sumatra: Barisan
Mountains and foreland area. Barisan Mountains
are characterized by transtensional regime
represented as Blangkejeren and Kutacane
Grabens of Sumatran Fault. As proposed in
regional structures (Figure 6), Barisan Mountains
have anastomosing fault arrays in NW-SE trend.
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Figure 6: Regional Structures of Langsa, North Sumatra: (a) Northern Langsa Thrusts scarp and fold
traces; (b) Kutacane Graben

Fault-bend basin, overstep basin, and horsetail
structures are well-represented in the area. Thrust
wedge system develops in Barisan Eastern Foothills
as marked by Langsa Fold-Thrust Belt in NW-SE
trend. Putra et al. (2018) outlined the development
of thrust wedge system based on remote sensing
and seismic images in North Sumatra Basin (Figure
7). Basal detachment of thrust wedge system may
involve Kluet and Bahorok Formations. Thrust
faults traces are indicated as triangular facets on
3D geomorphic model. Fold traces are represented
as synclinal and monoclinal ridges. Prominent
synclinal ridges next to mountain front related to
intensive deformation. Besides, sinuous monoclinal
ridges coincide with synclinal feature in the
subsurface thrust front.
Different folding styles become distinguished
features in thrust wedge system. Tight folds occupy
above the thrust wedge, while significant synclinal
feature observed in thrust wedge front (Putra et al.,
2018). Thrusting in eastern foothills brought Kluet,
Bahorok, and Serbajadi Batholiths and Sembuang
Formations of Pre-Tertiary age and Tampur
Formation of pre-rift phase to the surface. Syn-rift
and early post-rift deposits has linear distribution
parallel to thrusting features (Cameron et al., 1981;
1983). Detachment folds develop within Baong
Interval, away from the basement-involved thrust
wedge system (Putra et al., 2018). Fossen (2010)
underlines three indications to detachment folding:
undeformed substrates, overpressured shales or
Number 44 – October 2019

evaporites as detachment, and concentric fold
geometry.
Of
other
structural
features,
transpressive reactivation of faults also develops
well in Langsa Fold-Thrust Belt with N-S trend
(Davies 1984; Putra et al., 2018). Transpressive
folds are aligned in NW-SE trend, but with rightstepping arrangement. As a comparison, N-S strikeslip fault is repeated in Barisan Mountains as
Lokop-Kutacane Fault.
Addressing the distribution of thrust wedge system
in North Sumatra, synclinal features appear to be
the termination of basement-involved thrust wedge.
Going to northeast of the area, deformation is
represented as transpressive reactivation and
detachment folds. The neighboring areas to Langsa
Fold-Thrust Belt show similar structural features
(Figure 8). In the southeast, Rantau Field possesses
transpressive reactivation (Ryacudu et al., 1992),
just as observed in Peusangan Block (Wang et al.,
1989) in the northwest. Unique structural style was
found in Peusangan Block as gravity gliding of
upper stratigraphic section (Wang et al., 1989). For
comparison, Banukarso et al. (2013) published
structural styles in inverted syn-rift play in
Offshore North Sumatra. Offshore area preserves NS to NE-SW graben structures just as in the
onshore. Western Offshore North Sumatra depicts
greater inversion by having tighter folds than the
eastern area. This phenomenon may coincide with
the role of Western Offshore North Sumatra as
major extensional fault in the area.
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Figure 7: Subsurface Interpretation in Langsa Fold-Thrust Belt (Putra et al., 2018)

Figure 8: Comparison on Structural Geology Surrounding Langsa Fold-Thrust Belt (Ryacudu et al., 1992;
Wang et al., 1989; Banukarso et al., 2013)
Number 44 – October 2019
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Lowell (1995) underlined that area having greater
extension will experience greater inversion than the
surrounding extensional structures.
Syn-inversion phase in North Sumatra Basin is
assumed to start from Middle Miocene, reported as
influx of volcaniclastics and regressive sediments
by Simandjuntak and Barber (1996). Nevertheless,
Wang et al. (1989) reported subtle unconformity
beneath Keutapang Formation of Late Miocene –
Pliocene age. Besides, Wang et al. (1989) and Putra
et al. (2018) also noted prominent prograding
seismic facies within Pliocene Seurula Formation.
Putra et al. (2018) separated deformation sequence
in two phases. Thrust wedge system operated
through
Early
Pliocene
to
Recent,
while
transpressive reactivation initiatied in Late Pliocene
to Recent. Separation of deformation sequence is
interpreted based on geomorphic evidences: LokopKutacane Fault truncating Langsa Thrusts and
transpressive folds cutting compressive folds in
foreland area.
Slip partitioning becomes the regional mechanism
of Sumatran Fault and thrust wedge in Eastern
Barisan Foothills. McCaffrey (2009) previously
considered the implications of slip partitioning to
explain deformation in accretionary prism and
Sumatran Fault. However, with the evidence in
North Sumatra, it is suggested to extend the
implication of slip partitioning towards the backarc
area.

Banyumas Fold-Thrust Belt
Banyumas Fold-Thrust Belt displays essentially EW to NW-SE thrust and fold trends. Geomorphic
features are characterized by curvilinear thrust
traces along with anticlinal and synclinal ridges.
Deformation in Banyumas Fold-Thrust Belt and
Karangsambung Anticline involved Cretaceous Luk
Ulo Complex, Eocene Karangsambung Formation,
Miocene
Waturanda,
Penosogan,
Pemali,
Rambatan, and Halang Formations, Pliocene
Kumbang Volcanics and Pliocene Tapak Formation
(Asikin et al., 1992a, b; Kastowo, 1975). OligoMiocene Jampang Volcanics in the south
(Simandjuntak and Surono, 1992) expressed
similar thrust faulting towards northeast as
observed in geomorphology. Banyumas Fold-Thrust
Belt system follows regional structural pattern as
depicted in Martodjojo (1994) (Figure 3). Imbricate
thrusting in Banyumas is represented by Ciamis,
Lumbir, and Banyumas Thrusts, while strike-slip
faulting is depicted as Slamet Fault and Serayu
Fault (Figure 9). Slamet Fault shows recent
deformation
since
it involves Mt.
Slamet
Quaternary volcanic deposit.
Seismic image was published by Lunt et al. (2008)
(Figure 10) and revealed subsurface thrusting in
the north of Banyumas Fold-Thrust Belt mountain
front. Seismic quality was poor due to cover of
Recent volcanic deposits. Armandita et al. (2009) –

Figure 9: Regional Structures of Banyumas, Western Central Java: (a) Banyumas Thrusts Scarps; (b)
Anticlinal Ridges in Western Banyumas Fold-Thrust Belt
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Figure 10: Subsurface Image in the North of Banyumas Fold-Thrust Belt (modified after Lunt et al.,
2008)
observed major folds – particularly synclinal
feature, large reverse faults, and angular truncation
of Pemali Formation. On the other hand, Lunt et al.
(2008) reported Early Pliocene age (3.8 Ma) on top
of Late Miocene Tapak Limestone at 5020 feet as
deepest penetration. No older age has been
reported.
Three tectonic scenarios have been proposed
regarding Banyumas Fold-Thrust Belt. Martodjodjo
(1994) proposed northeastward thrusting in West
Java, Noeradi et al. (2006) underlined transpressive
zone of NE-SW left-lateral Cimandiri Fault in West
Java and its counterpart in Central Java, and
Armandita et al. (2009) elaborated compression
along NW-SE Pamanukan-Cilacap Fault. By
integrating geomorphic features and subsurface
consideration, strike-slip faulting as primary
deformation mechanism in Banyumas Fold-Thrust
Belt is unlikely. Geomorphic features of Banyumas
Fold-Thrust Belt suggest imbricate thrusting and
development of compressive regime in the area.
Raharjo et al. (2002) provided schematic regional
cross-section from West Java Southern Mountains
through Northwest Java Basin (Figure 11), -

suggesting thrusting of Oligo-Miocene volcanics
and folding of Miocene and younger deposits. As
mentioned earlier, thrust wedge system in
Banyumas
Fold-Thrust
Belt
involves
wide
stratigraphic interval, from Cretaceous Luk Ulo
Complex to Pliocene Tapak Formation. Basal
detachment of thrust wedge system may occur
within Cretaceous or possibly older stratigraphy.
Basement involvement during formation of
Banyumas Fold-Thrust Belt should be further
attention. Possible basement involvement can be
drawn from two aspects: thrusting of Oligo-Miocene
Jampang
Volcanics
and
its
neighboring
Karangsambung Anticline – Cretaceous accretion
complexes (Simandjuntak and Barber, 1996).
Thrusting of Oligo-Miocene Jampang Volcanics and
similar structural styles in Karangsambung
Anticline indicate that deformation involved wide
stratigraphic intervals. Plio-Pleistocene deformation
had involved Cretaceous Luk Ulo Complex and
younger stratigraphy (Asikin et al., 1992b),
indicating the role of basement during deformation.
As Banyumas Fold-Thrust Belt is geomorphically
continuous
from
Karangsambung
Anticline,
basement-involved
thrust
wedge
system
is
proposed.
Figure 11:
Regional
Schematic Crosssection from West
Java Southern
Mountains
through
Northwest Java
Basin (modified
after Raharjo et
al., 2002)
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Kutei Basin
Thrust wedge system in Kutei Basin is a part of
Kuching High. Uplift through Middle Miocene to
Pliocene (Hall, 1996) resulted in significant
geomorphic features of the area. Geomorphic
observation and structural mapping took place in
Mamahak area (Figure 12). Boundary between
Kuching High and the lower relief area is ENE-WSW
Mamahak Thrust. Thrusting phenomenon outcrops
Cretaceous Embaluh Formation and syn-rift
deposits. Thrust wedge generates imbricate
arrangement, manifested as Long Pakaq and
Mamahak Thrusts, with southeastward transport
direction. Backthrusting is observed along the Naha
Aruq and Tabang Backthrusts. Fold traces follow
thrusting trend and synclinal feature exists in front
of Mamahak Thrust. Uplift by thrust wedging was
then followed by strike-slip faulting. NW-SE rightlateral strike-slip faults truncate thrust systems.
Noticeable geomorphic feature is scarp of Long
Bagun Fault truncating Mamahak Thrust in rightlateral sense. Anomalous NNW-SSE fold trace
follows the lineament of Long Bagun Fault. Middle
Miocene uplift in Kuching High has side-effect to
intrusive emplacement. Abidin et al. (1993)
reported Sintang Intrusives both in high and low
relief zones in Mamahak area. Distribution of the
intrusives roughly follows thrust trend. Coincidence
in space and time of thrusting and intrusive
emplacement should further be addressed.

[Pick the date]
Satyana et al. (1999) summarized four postulates in
tectonics of Kutei Basin to explain folding in
Samarinda Anticlinorium and the offshore area:
grand-scale gravity gliding, strike-slip faulting,
inverted
growth
fault,
and
collision
of
microcontinent. Ott (1987) acted as early
publication in regional structures and promoted
grand-scale gravity gliding. Ott (1987) combined
structural features and stratigraphic variations.
Generally, Ott (1987) defined Kutei Basin
stratigraphy as Eocene-Oligocene shale-dominated
intervals and Miocene alluvial-delta intervals.
During Eocene-Oligocene deposition, Mangkalihat
Ridge and Sunda Shelf acted as sediment source.
Proto-Kuching High was structural low and Kutei
Basin dip to the west.
Grand-scale gravity gliding scenario is supported by
schematic regional cross-section in Ott (1987)
(Figure 13). Basement-involved structures in
uplifting Kuching High, later defined as thrust
wedge, created significant relief. Oversteepening of
thrust
wedge
system
was
responded
by
gravitational instabilities. Stratigraphic contacts
between Eocene-Oligocene and Miocene deposits
became
detachment
zone.
Normal
faulting
developed near thrust wedge and compressive
structures as toe thrusting happened to be presentday Mahakam Anticlionorium. Isostatic rebound
happened as a response to normal faulting.
Nemcok et al. (2016) stated that gravitational –

Figure 12: Regional Structures of Long Pahangai, Central Kalimantan: (a) Mamahak Thrusts and Long
Bagun Fault scarps; (b) Mamahak Thrusts and Naha Aruq Backthrust scarps
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instabilities above the wedge promoted continued
uplift. Absence of normal fault scarps on
geomorphology might be triggered by this rebound.
McClay et al. (2000) provided a closer look in -

[Pick the date]
Mahakam Anticlinorium. The publication promoted
inverted growth fault model to explain fold-thrust
belt formation and evolution (Figure 14).

Figure 13: Regional Cross-section from Kuching High to Coastline, East Kalimantan (modified after Ott,
1987)

Figure 14: Structural Evolution of Inverted Delta Growth Fault Model (McClay et al., 2000)
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Page 29 of 43

Berita Sedimentologi

Deltaic sedimentation since Miocene in Kutei Basin
generated major growth faults, defined as depobelts
in McClay et al. (2000). Growth faulting and
inversion only operate in Miocene deposits and
detach from the underlying overpressured shales.
Regional compression regime for depobelts
inversion is suggested to originate from Kuching
High. Compression from West Sulawesi Fold-Thrust
Belt and microcontinent collisions is unlikely, since
seismic sections in Makassar Straits (Puspita et al.,
2005)
display
undeformed
strata.
Tectonic
scenarios explained by Ott (1987) and McClay et al.
(2000) could be synthesized. Thrust wedge system
gave significant relief to gravity gliding and induced
compression to southeast. Growth faults in distant
areas responded to the compression by inversion.
Regarding basal detachment, Kutei Basin has two
surfaces. Thrusting in Kuching High detaches at
Pre-Tertiary basement. Mahakam Anticliorium may
utilize contacts between Pulubalang Sandstones
and Karorang Shales.
Extensive thrust wedge of Kuching High is
supported by its previous role as Lupar Line,
separating Mesozoic ophiolites with rigid fragment
of South Borneo. Successive counter-clockwise of
Borneo triggered re-structuring: Kuching Uplift,
closing of South China Sea, and uplift of Meratus
Mountains in Middle Miocene (Hall, 1996). Meratus
Mountains have similar structural trend to
Mahakam Anticlinorium. Despite adjoining position

[Pick the date]
and similar trend, structures of the two areas could
not be easily correlated. Ott (1987) stated that
Mahakam Anticlinorium was separated from
Meratus Mountains by South Kutei Boundary Fault
(and Adang Flexure in the offshore). Furthermore,
Meratus
Mountains
involved
transpressive
basement-involved structures, while Samarinda
Anticlinorium exists above overpressured shales.
West Sulawesi Fold-Thrust Belt
Geomorphic interpretations suggest that uplift in
West Sulawesi Fold-Thrust Belt is triggered by
thrust
wedging.
NE-SW
curvilinear
thrust
lineaments develop well from Donggala in the north
to Mamuju-Tommo in the south (Figure 15). Fold
traces appear to be parallel to thrust wedging
trend. Thrust belt was then truncated by NW-SE
left-lateral strike-slip faults. In West Sulawesi
context, Donggala Thrust is likely to accommodate
greater displacement than Mamuju and Tommo
Thrusts since it has more intensive structuring and
shorter distance to coastline. This phenomenon is
confirmed in the Offshore West Sulawesi as
published by Puspita et al. (2005). Thrust wedging
in West Sulawesi Fold-Thrust Belt successfully
brought Triassic Wana Metamorphics, TriassicJurassic Gumbasa Complex and Intrusives, and
Cretaceous Latimojong Metamorphics to the
surface (Sukido et al., 1993; Ratman and
Atmawinata, 1993).

Figure 15. Regional Structures
of Lariang-Karama, West
Sulawesi: (a) Palu-Koro Fault
and Donggala Thrusts scarps; (b)
Sigi Fault, Mamuju Thrusts
scarps, and fold traces
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Strike-slip faulting in West Sulawesi employs leftlateral sense and arranged in right-stepping
manner. Strike-slip fault arrangement in West
Sulawesi may lead to popping-up of the area and
may also contribute to the orogenic building. NWSE strike-slip faulting in West Sulawesi is a part of
Palu-Koro Fault induced by Early-Middle Miocene
microcontinent collisions in Sulawesi. Collision of
Buton-Tukangbesi Microcontinent to Southeast
Sulawesi and Banggai-Sula Microcontinent to East
Sulawesi contributed to compressive regime
development. NW-SE strike-slip faults of West
Sulawesi are splays from the adjoining Palu-Koro
Fault. Palu-Koro Fault generated releasing bend
geometry and induced graben formation.

[Pick the date]
Puspita et al. (2005) divided Offshore West
Sulawesi in three structural provinces (Figure 16).
Northern Structural Province (NSP) has steep scarp
and thrust penetrating the surface along with
complex deformation. NSP is separated from
Central Structural Province (CSP) by NW-SE
structural trend, strongly indicative as the offshore
continuation of Sigi Fault. CSP displays less
deformation even though preserves basementinvolved structures. Synclinal feature can be
observed at the thrust front of NSP and CSP.
Southern structural province (SSP) has detachment
folds as primary structural style. Otherwise, normal
faulting and onlapping relationship can be defined
in NW-SE southern seismic section.

Figure 16: Re-interpretation on Subsurface Offshore West Sulawesi and Deformation Front depicted from
Bathymetry and Shuttle Radar Topographic Mission (SRTM) (modified after Puspita et al., 2005)
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Basal detachment of basement-involved thrust
wedge may occur within West Sulawesi Mesozoic
stratigraphy. Detachment folds of Offshore West
Sulawesi utilized two detachment levels (Puspita et
al., 2005). Lower detachment might use contacts
between Budung-budung Formation with Lisu
Formation. Ramp connected lower to upper
detachment and followed with backthrusting.
Upper detachment possibly utilized unconformity
between Lisu and Pasangkayu Formations. On the
other hand, seismic evidences show that strata
involved in detachment folding shows strong
onlapping relationship to previous deposits
(Budung-budung Formation) and to pre-existing
platform structures. Such extensional structures
belong to Eocene rifting and not involve in PlioPleistocene compressive deformation. NNE-SSW
seismic section provided by Satyana et al. (2012)
confirms intensive detachment folding above Middle
Miocene stratigraphy. Positive flower structures, as
offshore continuation of Sigi Fault, are captured on
the seismic section (Figure 17).
Compressive tectonics in West Sulawesi FoldThrust Belt is correlated to microcontinental
collision in Banggai-Sula and Buton-Tukangbesi
during Middle to Late Miocene (Hall, 1996).
Compressive regime was then accommodated along
Palu-Koro Fault for the strike-slip kinematics.
Meanwhile, West Sulawesi Fold-Thrust Belt
absorbed the dip-slip kineamtics. Implication of
thrust wedge system in West Sulawesi is flexural
subsidence of Makassar Straits. As appeared in
Satyana et al. (2012), Makassar Straits are
structurally stable and has no prominent faulting
to date. Flexural deformation makes Makassar
Straits to subside as isostatic response to uprising
mountains in West Sulawesi and Samarinda
Anticlinorium.

[Pick the date]
Offshore Northern Banggai-Sula
Offshore North Banggai-Sula is selected to
represent thrust wedge system of colliding
microcontinent. In this context, Ferdian et al.
(2010) integrated seismic images and multibeam
data to divide Offshore North Banggai-Sula into
three structural provinces (Figure 18): western,
central, and eastern areas. Based on seismic
sections, Banggai-Sula Microcontinent dip to the
north as it collides. Debris from erosion of tilted
microcontinental margin become sediment source
for the south-directed thrusting.
South-directed thrusting develop well in western
area. However, since sediment sources are lacking
in the eastern part of west area, thrusting is more
prominent towards west. Important seismic feature
in this area is flat-topped carbonate mound at 1000
meters water depth. This phenomenon indicates
rapid subsidence following flexural deformation in
the area. Central area has broad, deep basin. Water
depth can reach more than 2500 meters and
thrusted sediments are absent. Thrusting in east
area belongs to Molucca Sea Collision Complex.
Closing of Molucca Sea brings volcaniclastic
sediments to be highly-deformed in east area.
Extension of Balantak Fault in Onshore East
Sulawesi generated prominent flower structure in
Offshore North Banggai-Sula in NW-SE trend
(Figure 19). Husein et al. (2014) stated that
Balantak Fault has been active since Late Miocene
and responsible for the clockwise rotation of Poh
Head, East Sulawesi. Basal detachment of thrust
wedge system of Offshore Northern Banggai-Sula
develops at the base of accretion, where offscraping
also operates.

Figure 17: Subsurface Offshore West Sulawesi: Detachment Folds and Possible Offshore Extension of
Sigi Fault (Orange dashed line refers to NW-SE section, Red dashed line to SSW-NNE section, modified
after Satyana et al., 2012)
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Page 32 of 43

Berita Sedimentologi

Tectonic driving force of Banggai-Sula Collision can
be summed up into two possibilities: Sorong
Transform Fault (Hall, 1996) and opening of North
Banda Sea. Sorong Transform Fault played regional
role in moving the microcontinent 1000 km from
New Guinea (Hall, 1996). On Cenozoic tectonic
reconstruction (Hall, 1996), North Banda Sea
Opening played the role to cause oblique collision of

[Pick the date]
Banggai-Sula. Davies (1990) surfaced thrust
emplacement time to be between 5.2 – 3.8 Ma
(Pliocene), while Hall (1996) suggested Middle
Miocene as initial thrusting period. Seabed
deformation with migrating fold hinge in Offshore
North Banggai-Sula confirms thrusting still
operating to date (Figure 20).

Figure 18: Multibeam Data and Structural Map of Offshore Northern Banggai-Sula (Ferdian et al., 2010)

Figure 19: Subsurface Offshore Northern Banggai-Sula: Progressive Deformation towards West and
Positive Flower Structure as Offshore Extension of Balantak Fault (modified after Ferdian et al., 2010)

Figure 20: Seabed Deformation and Migrating Fold Hinge as a Sign to Recent Tectonics (modified after
Ferdian et al., 2010)
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Misool-Onin-Kumawa
Ridge,
Berau-Bintuni
Basins, and Lengguru Fold-Thrust Belt
Banda Sea and the surrounding area possesses
four zones of fold-thrusts belts: Seram Trough,
Lengguru Fold-Thrust Belt, Misool-Onin-Kumawa
Ridge (MOKR), and Berau-Bintuni Basins. Seram
Trough displays compressive structures as the
result of continental delamination due to rollback
mechanism. Other than rollback mechanism, the
three zones had accommodated continuous
convergence between Australia and Pacific since
Late Miocene (Bailly et al., 2009).
MOKR is a broad NW-SE anticlinorium located
between two thrust wedges, the Seram Trough and
Lengguru Fold-Thrust Belt (Figure 21). Seram
Trough occupies the hinge zone between
subduction of Bird’s Head Microplate under the
Banda Sea. In the other hand, Lengguru FoldThrust Belt is related to the previous subduction of
Bird’s Head Microplate under New Guinea Block
(Sapin et al., 2009). Sapin et al. (2009) argues that
MOKR is a triangle zone due to northeastwardmoving crustal sheet carried over a detachment
located at brittle-ductile transition (~12 km). MOKR
are not part of Seram Trough or Lengguru FoldThrust Belt deformation because of its dimension.
Sapin et al. (2009) noted that topographic features
of MOKR exceeds 1000 meters at Kumawa
Anticline, not in line with lithospheric flexure
criteria to be the forebulge of the two adjoining
orogens. Width of MOKR and distance of its axis to
Seram
Trough
represent
different
tectonic
processes than the surrounding orogens. During its
development, MOKR displays has detachment at
shallower structural levels. Considering its
stratigraphic units, MOKR is composed of PermianPaleocene Shales as incompetent layer, New Guinea
Limestone as competent units, and Late Miocene –
Plio-Pleistocene clastics as incompetent layer
(Sapin et al., 2009). Therefore, the PermianPaleocene Shales provide slippery surfaces for
regional detachment.

[Pick the date]
Geomorphic features of the MOKR are typical of
fold-thrust belts. Onin Mountains experienced
considerable uplift by thrusting and folding,
manifested as outcropping of Oligo-Miocene OninOgar Limestones (Suparman and Robinson, 1990,
Figure 22-24). Progressive deformation triggered
intersecting fractures in NW-SE and NE-SW trends
along major fold traces. Moving to the west,
thrusting in Misool Island is indicated by
curvilinear lineament and outcropping of Silurian
Ligu Metamorphics, Triassic Keskain Shales, and
Triassic Bogal Limestones (Rusmana et al., 1989).
Zaag Thrusts are responsible for the northwardtilting Jurassic Fageo Group in front of Silurian
Ligu Metamorphics. This structural feature is
analogous to synclinal feature in subsurface cases.
Other related structures are NW-SE and NE-SW
strike-slip faults, developing in the east and
northern portion of the island. Karstic morphology
developed in the outcropping zone of Triassic Bogal
Limestones (SE portion) and Miocene Openta
Limestones (NE portion of the island). On the other
hand, geomorphic interpretation in Obi Island
suggested prominent NE-SW left-lateral strike-slip
faulting in the eastern portion of the island, as it
adjoins with Sorong Fault. NE-SW Obi Fault
generated its subsidiary NW-SE antithetic faults in
the western portion of the island. Thrust wedge
system of MOKR terminates before Obi Island.
Previous work in the Berau-Bintuni Basins stated
that E-W high-angle left-lateral faulting deformed
the basins (Perkins and Livsey (1993); Birt et al.,
(2017)). On the contrary, thrust wedge orogeny in
MOKR continues to Berau-Bintuni Basins. This
consideration comes up with the idea of
northeastward-moving crustal sheet of MOKR and
the proximity of the basins with the orogen. Thrust
wedge system in Berau-Bintuni Basins is supported
by tight folding above thrust wedge and synclinal
feature in the thrust front (Figure 25). Basal
detachment of thrust wedge system occurs at its
Permian – Paleocene intervals. Detachment folding
can also be observed within post-rift deposit away
from thrust wedge.

Figure 21:
Regional Crosssection from
Seram Trough to
Lengguru FoldThrust Belt (Sapin
et al., 2009)
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Figure 22: Regional Structres of Onin Ridge, West Papua: Onin Thrusts scarps and Fold Traces

Figure 23: Regional Structures of Zaag Mountains (Misool Island), West Papua: (a) Eastern Zaag Thrusts
Scarp; (b) Southeastern Karstic Features of Triassic Bogal Limestones

Figure 24: Regional Structures of Obi Island, North Maluku
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Lengguru Fold-Thrust Belts represent a good
example of thrust wedge orogeny. Lengguru FoldThrust Belts has complete components of thrust
wedge orogeny: crustal backstop, thick-skinned
deformation, and thin-skinned deformation. Bailly
et al. (2009) divides Lengguru Fold-Thrust Belt into
two areas: external and internal zones (Figure 26).
External zone encompasses the deformation of
sedimentary successions and the basement, while
internal zone represents the exhumed subduction -

[Pick the date]
zone. With this configuration, external zone
deformation is controlled by stratigraphic units and
rheological properties. As previously discussed in
MOKR, Lengguru Fold-Thrust Belt exhibits similar
stratigraphy. Permian – Paleocene succession acts
as main detachment, while the Tertiary New Guinea
Limestone as the competent layer. Internal Zone is
composed of meta-sediments and high-grade
metamorphic units (Bailly et al., 2009).

Figure 25: Subsurface Offshore Berau Basin: E-W trending Thrust Wedge System (modified after Livsey
and Perkins, 1993)

Figure 26: Geologic Map and Structural Zones of Lengguru Fold-Thrust Belt (Bailly et al., 2009)
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Deformation of the external zones is characterized
by two superimposed wedges (Bailly et al., 2009,
Figure 27). The first wedge is represented as NE-SW
trending folds with detachment at 4 – 5 km depth.
Arcuate shape of the orogen originated from this
wedge. The second wedge detached to 7 – 8 km
deep in Aiduna Formation. Addressing its deep
detachment, the second wedge is responsible to
construct prominent topography (up to 800 meters)
of the orogen. The second wedge has NW-SE
trending fold-thrusts, representing the general
trend of the orogen. Several factors may cause
differences in trend of the two wedges, including
friction or structural inheritance. The first wedge
acted as passive roof to the second wedge during
deformation. The last stage of deformation in the
external zone of Lengguru Fold-Thrust Belt is
block-faulting tectonics (Bailly et al., 2009).
Collapse structures occurred along NE-SW trend,
possibly
using
the
pre-existing
structures.
Shortening in Lengguru Fold-Thrust Belt has been
accommodated by Tarera-Aiduna Fault since at
least 3 Ma. This shift in deformation may result
from increasing friction and immense load of the
wedge (Bailly et al., 2009).

[Pick the date]
The internal zone of Lengguru Fold-Thrust Belt
exposed weakly metamorphosed rocks and
metamorphic rocks. Exposure in the Wandamen
Peninsula includes gneiss, eclogite, amphibolite,
metasediments, metabasalts, paragneiss, and
granite. Paragenesis shows that high temperature
assemblage of biotite-sillimanite-garnet overprints
high pressure assemblage of kyanite-garnermuscovite. Other evidences of high temperature
metamorphism are migmatites and antectic
leucosomes. On the other hand, Triassic – Early
Jurassic unmetamorphosed granite exposure in
Kwasitore Peninsula is considered to be the
backstop of the orogen.
Lengguru Fold-Thrust Belt has Cendrawasih Bay to
the north as the neighbor. The neighboring basin
has peculiar triangular shape. Sapiie et al. (2010)
regarded Cendrawasih Bay as the result of coupling
movement of two left-lateral strike-slip systems:
Yapen-Sorong
and
Tarera-Aiduna
Faults.
Considering the relation between the two areas,
Cendrawasih Bay may form after Lengguru FoldThrust Belt orogeny since it was part of Tarera-

Figure 27: Schematic Tectonic Evolution of Lengguru Fold-Thrust Belt (Bailly et al., 2009)
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Aiduna Fault activity. Sapiie et al. (2010) also
suspected small rotation in the Bird’s Head area
due to strike-slip movement during Cendrawasih
Bay formation.
Thrust wedge orogeny in Seram Trough, MOKR,
Lengguru Fold-Thrust Belt, and Berau-Bintuni
Basins occurs contemporaneously in Late Miocene
to Pliocene. Compressive regime came from
convergence between Australia and the Pacific as
well as rollback mechanism in the Banda Sea.
Schematic tectonic evolution in Seram Trough,
MOKR, and Lengguru Fold-Thrust Belt from Bailly
et al. (2009) is provided in Figure 28.

trace on the surface, tight folds near mountain
front, formation of asymmetric syncline at thrust
front, and detachment folds away from the thrust
wedge. Termination of basement-involved thrust
wedge system coincides with major synclinal
feature. Detachment folds develop well in post-rift
shale-dominated interval. Associated structure is
transpressive and transtensional reactivations
during and after thrust wedge development.
Primary difference on thrust wedge systems in
Indonesia is Recent tectonic settings. During basin
formation, study areas belonged to rift basin
setting, except Banyumas Fold-Thrust Belt as

Figure 28: Schematic Tectonic Evolution of Seram Trough, MOKR, and Lengguru Fold-Thrust Belt
(Bailly et al., 2009)

SIMILARITIES
AND
DIFFERENCES
OROGENIC BELTS – A SYNTHESIS

IN

Similarities and differences from orogenic belts of
thrust wedge system can be drawn from
discussions above. In terms of geomorphic
expressions and structural associations, thrust
wedge system relates to curvilinear thrust faults
Number 44 – October 2019

flexural basin. However, succeeding geodynamics
transformed the basins into backarc settings for
North Sumatra Basin, Kutei Basin, and West
Sulawesi Fold-Thrust Belt, intra-arc for Banyumas
Fold-Thrust Belt, and colliding continents (or
microcontinent) for Banggai-Sula and BerauBintuni Basins. In other words, this overview
attempted to virtually represent possible settings in
Indonesia.
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Geodynamic significance of strike-slip faults in
thrust wedge system is manifested in two
occurrences. Strike-slip faults occur as a separate
geodynamic features or as associated structures to
the thrust wedge system. Cases in North Sumatra,
West Sulawesi, and Lengguru Fold-Thrust Belt
display strike-slip faults as different entity.
Whether transcurrent or transform in nature,
separate strike-slip features in study areas have
been evidences of slip partitioning in regional scale.
Sumatran Fault operates the strike-slip kinematics
due to oblique subduction, Palu-Koro Fault,
Balantak Fault, and Tarera-Aiduna Fault develop in
response to collision. Associated structures may act
as reactivated faults and tear faults.
Further study on thrust wedge systems in
Indonesia should focus on exploration in varying
areas. Exploration is crucial since fold-thrust belts
develop in various areas in Indonesia. Other areas
may include Meratus Mountains and the Barito
Basin, Akimeugah Foredeep of Papua, and the
Lesser Sunda Islands. Regional understanding of
thrust wedge system in Indonesia helps improving
our knowledge on the Plio-Pleistocene orogeny of
Southeast Asia.
CONCLUSIONS
From the discussions above, five points can be
concluded:
• Geomorphic similarities lie on curvilinear
thrust faults trace and tight, parallel fold
traces to mountain front.
• Thrust wedge system associates with tight
folding above the system, synclinal feature at
thrust wedge, and detachment folds away from
thrust wedge but within shale-dominated postrift interval. Thrust wedge development is also
followed by fault reactivation, both in
transpressive and transtensional regimes.
• Pliocene – Recent is a critical time to orogenic
building in Indonesia, especially in the
developments of thrust wedge orogenic belts.
• Geodynamic significance of strike-slip faulting
can be regarded as separate and associated
structures. Associated strike-slip faulting
operates during thrust wedging and acts as
tear faults or reactivated graben faults, as
exemplified in Banyumas Fold-Thrust Belt,
Kutei Basin, Berau-Bintuni Basins. On the
contrary, separate strike-slip faulting runs a
role as a distinct geodynamic entity and
coincides as adjoining structural province to
thrust wedge system. This system is
represented by Sumatran Fault in North
Sumatra, Palu-Koro Fault in West Sulawesi,
Number 44 – October 2019

•

Balantak Fault in Offshore Northern BanggaiSula, and Tarera-Aiduna Fault in Lengguru
Fold-Thrust Belt.
Synthesis on similarities and differences of
thrust wedge in Indonesia shows that thrust
wedge is a common phenomenon and occurs in
varying dimensions and geodynamic settings.
Both subduction and continental collision
contribute to thrust wedge system as major
structures in orogenic belts.
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