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This chapter II of the Bibliography 7.0 contains 310 pages with ~2250 titles, subdivided in five sub-chapters 
II.1- II.5. It includes literature on the relatively old and stable continental crustal region of West Indonesia 
('Sundaland'), a collage of continental blocks, volcanic arcs and accretionary terranes that (1) amalgamated in 
Late Triassic time with the Eurasia continent and (2) grew further in Cretaceous time by accretionary of 
terranes along the active margins of West Sumatra, SE Kalimantan, North Borneo and the Natuna area.  
 
It includes the large islands of Sumatra, Java and Borneo, island that are now separated by a shallow, broad, 
recently flooded shelfal region, the Sunda Shelf. 
 
II.1. Sumatra- General 
 

The geology of Sumatra was ably summarized recently in the comprehensive volume by Barber, Crow and 
Milsom (editors) (2005). Additional information may be found in the >1780 Sumatra papers listed in this 
bibliography. 
 

 
 

Figure II.1.1. Physiography and tectonic setting of Sumatra, located in a sector of oblique convergence 
between the NW-trending continental margin of Sundaland/ SE Asia and the North-moving Indian Ocean 
plate. Triangles are active volcanoes, MF: Mentawai fault, SF: Sagaing fault, SFS: Sumatran fault system, 
SS: Sunda Strait, WAF: West Andaman fault  (McCaffrey 2009). 
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Sumatra is SW part of the continental Sundaland block and is located above an active subduction zone of the 
North-moving Indian Ocean plate.  Its main physiographic elements are (Figure II.1.1): 
1. The 'spine' of Sumatra island is the Barisan Mountains Range, which is primarily an active volcanic arc, built 

on basement substrate of deformed and uplifted Late Paleozoic- Early Mesozoic sediments, igneous and 
volcanic rocks, a Cretaceous accretionary complex (Woyla Group) and a Late Paleogene arc system. 

2. The area behind the arc is occupied mainly by the Cenozoic North, Central and South Sumatra basins, 
which are separated by basement highs 

3. In front of the volcanic arc are the onshore and offshore parts of the Sumatra forearc, composed of 
continental basement that has also undergone phases of basin formation, but shows little or no evidence of 
compressinal deformation; 

4. The belt of "Outer Arc' Mentawai islands (Simeulue, Nias, etc.) represents the exposed parts of the 
accretionary prism formed at the Sunda Trench. It is composed of complexly folded and imbricated Tertiary 
sediments, with slivers of ophiolites.  

 
 

 
 

Figure II.1.2 Schematic SW-NE cross-section across Sumatra plate boundary and subduction zone (McCaffrey 
2009). 

 
 
 

 
 
Figure II.1.3 Historic SW-NE cross-section across the Barisan Range West of the South Sumatra basin 

(Westerveld 1941). Showing active Dempo volcano above the Gumai Mountains basement complex, which 
is part of a mid-Cretaceous collisional complex ('Woyla Terranes'). 
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Figure II.1.4. Tomographic sections across the Sunda subduction system at North Sumatra (C-C) and South  
Sumatra (D-D), showing subducted high velocity (cool) Indian Ocean slab down to >700km in mantle (even 
though earthquakes only go as deep as 300-400km) (Pesicek 2009). 

 
 
  Sumatra Basement terranes 
The Pretertiary 'basement' complex of the large island of Sumatra is composed of highly deformed Late 
Paleozoic- Mesozoic sediments and associated volcanic and igneous rocks. The intense compressional 
deformation and juxtaposition of unrelated stratigraphies was already recognized by Tobler (1917), which led 
him to propose a tectonic model with large Alpine-style nappes. 
 
The first regional synthesis of the Sumatra basement terranes in modern plate tectonic terms was by 
Pulunggono and Cameron (1984) and Pulunggono (1985) (Figure II.1.5). Later papers on this topic include 
Hutchison (1994), McCourt et al. (1996), Barber and Crow (2005), Kusnama and Andi Mangga (2007; Figure 
II.1.6 ) and Ridd (2016). 
 
All authors recognized that the geology of most of Sumatra is a continuation of that of the Malay Peninsula, 
with its Gondwana-derived terranes that amalgamated in the Late Triassic to form 'Sundaland'. Much of 
Sumatra is part of the Sibumasu Block (= Shan-Tai terrane = Mergui + Malacca microplates of Pulunggono 
and Cameron 1984), as evidenced by the 'Gondwanan' Early Permian glacial diamictites of the Bohorok 
Formation in much of North and Central Sumatra, which is the equivalent of the Singa Formation of the NW 
Malay Peninsula and the Phuket Group of Peninsular Thailand. This terrane is generally recognized as part of 
the 'Cimmerian Terranes' that that separated from the North Gondwana margin in Early Permian and collided 
with Eurasia in Late Triassic time. 
 
In Cretaceous time the SW margin of Sumatra/Sundaland grew with the collision of the 'Woyla terranes', an 
amalgamation of Cretaceous magmatic arc and accretionary complex with several microcontinental terranes 
(Natal, Sikuleh Terranes; Cameron et al. 1980, Wajzer et al. 1991, Barber 2000). Most of the present-day fore-
arc region of Sumatra (probably also of the West Java forearc and all of East Java) may be part of this 'Woyla 
complex.  
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Figure II.1.5. Basement terranes/ microplates of Sumatra, showing amalgamation of Late Paleozoic and 
Mesozoic terranes. Mergui microplate is now generally referred to as Sibumasu Block (Pulunggono, 1985). 

 

 
 

Figure II.1.6. Sumatra terranes interpretations. Left:, redrawn after McCourt et al. (1996), from NE to SW: 1. 
Malacca Microplate, 2. Mergui microplate (1+2 = Sibumasu), 2C Palepat terrane (E-M Permian volcanic 
arc?), 3. Woyla microplate, 4. Continental fragments (4A Sikuleh, 4B Natal, 4C Bengkulu).  Right: Modified 
interpretation in Kusnama and Andi Mangga 2007) 
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There is no consensus on how the basement terranes recognized in the Malay Peninsula and Sumatra 
continue in the direction of Kalimantan, and whether the core of SW Kalimantan is a continuation of the 'East 
Malaya- Indochina terranes' of mainland SE Asia (as assumed in many older models), or whether SW Borneo 
is a separate block (e.g. Hall, Metcalfe models; see Regional chapter).  What is clear is that the belt of latest 
Triassic post-collisional tin-bearing granites that straddle the Raub-Bentong Paleotethys suture on the Malay 
Peninsula, continues into the 'Tin Islands' of Indonesia (Figure II.1.7.) 
 
  Magmatic arcs 
Sumatra has a long history of arc volcanics, probably going back to Permian time. 
Early Permian Karing Volcanics associated with the 'Jambi Flora' has been viewed as representing a volcanic 
arc (Crow et al. 2015 ), but other authors viewed these as possible intra-continental rift volcanism associated 
with the breakup of Pangea (Suparka and Sukendar Asikin 1981). 
 
For instance, Sutanto (1997) identified eight or more episodes of volcanism-magmatism: 
(1) Triassic- E Jurassic (215-180 Ma); 
(2) Late Jurassic (~165-150 Ma), intruded into Permo-Carboniferous packages in center of island; 
(3) volcano-plutonic arc in Early Cretaceous (Valanginien-Aptian);  
(4) (5) Late Cretaceous (Albian- Campanian); 
(6) Paleocene- Lower Eocene; 
(7) Middle- Upper Eocene; 
(8) Oligocene- E Miocene and Late Miocene- Recent 
 

       
 

Figure II.1.7. Permian-Cretaceous granites provinces (Left: Gasparon and Varne 1995, Right: Cobbing et al 
1992). 
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  Uplift of the Barisan Range 
The Barisan Range today forms the backbone of Sumatra, with elevations over 3700m for the tallest 
volcanoes. It represents the active volcanic arc, but also contains uplifted Late Paleozoic and younger 
sediments.  
 
The Barisan Mountains probably did not exist in Early Miocene and older times, as suggested by similarities in 
pre-Middle Miocene stratigraphic patterns and structural styles (N-S Paleogene rifts) in the backarc basins, 
forearc basins (e.g. Bengkulu) and intra-montane basins (Ombilin, etc.).  One good indicator of uplift timing is 
in the Central Sumatra Basin, where prior to Middle Miocene all sediments were derived from a northerly 
Sundaland source, but the first significant clastic source from the Barisan Range is not until Middle Miocene 
time (planktonic foram zone N9-N15?; Carnell et al. 1998) ('Wingfoot Delta' or Petani Member of Caltex). 
 
 
 
  Great Sumatra Fault zone 
A major, ~1900 km long NW-SE trending right-lateral strike slip fault zone runs across all of Sumatra, across 
the axis of the Barisan Mountains. It is an active seismic zone and was called the Semangko fault zone by Van 
Bemmelen (1949) and De Coster (1974) and Great Sumatran Fault since Westerveld (1953). 
 
The fault zone runs between two extensional systems: (1) the southern margin of the Andaman Sea spreading 
center in the NW, and (2) the Sunda Straits/ Semangko Bay pull-apart basin between Sumatra and West Java 
in the SE (Figure II.1.1). Djajadihardja et al. (1992) suggested the fault zone may actually extend another 
400km further East, into the SW Java forearc. 
 
The Sunda Straits basin contains 1000's of meters of Pleistocene- Recent sediment fill. The basin is viewed as 
a a pull-apart basin that accommodates most of the extension required at the termination of the Great Sumatra 
Fault zone, thus attesting to the young age of the fault zone. 
 
The Sumatran fault zone is a response to the oblique subduction of the North-moving Indian Ocean plate 
under the NW trending continental Sumatra/ Sundaland and accommodates part of the 50-60 mm/year north-
directed convergence. 
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Figure II.1.8. Left-lateral Great Sumatra Fault Zone with active slip rates and locations of active volcanoes (red 
triangles (Acocella et al. 2018). 

 
For more detailed reviews of the Sumatra fault zone see Durham (1940), Westerveld (1953), Katili (1970), 
McCarthy et al. (1977), Sieh and Natawidjaja (2000) and Natawidjaja (2002, 2014, 2018). 
 
The Sumatran Fault is not one simple fault, but, unlike most other major wrench faults in the world, it is 
composed of 18-20 segments that are ~60-200 km long. Rhomb-shaped lakes and small pull-apart basins 
basins form between releasing stepover fault segments (e.g. Ranau, Suwoh, etc.; Bellier and Sebrier 1994) 
(Figures II.1.8, II.1.9). 
 
  Slip-rates and total offset  
Bellier and Sebrier (1994, 1995) argued that the present-day dextral slip rate along the Sumatra Fault Zone 
increased from <10 mm/yr near Sunda Strait to ~20 mm/yr near Lake Toba, to >40mm/yr in the Andaman Sea 
area, but this is disputed by Natawidjaja (2018), who argues for a more uniform slip rate of ~15mm/ year. 
 
GPS-derived slip rates in North Sumatra are around 23-28 mm/year (Duquesnoy et al. 1999, Genrich et al. 
2000). 
 



Bibliography of Indonesia Geology ,Ed. 7.0         www.vangorselslist.com    July. 2018 
 

8

 
 

Figure II.1.9. South Sumatra, showing Barisan Range with segmented Great Sumatra Fault zone following the 
trend of Quaternary volcanic centers. South Sumatra 'back-arc' basin with anticlinal axes at an angle to 
Barisan trend in  (part of map of Westerveld 1952). 

 
Estimates of total right-lateral offsets along the Sumatran fault zone vary considerably: 
- ~150km offset of Mesozoic units (McCarthy 1997); 
- ~20-25 km offset since Middle Miocene (Katili and Hehuwat 1967, Tjia 1978, Sieh and Natawidjaja, 2000). 
 
McCaffrey (2009) argued that the latter 20-25km total offset seems low, and might represent only offsets of 
relatively young rocks. However, as argued by Natawidjaya (2018) the total amount of extension calculated for 
Sunda Straits pull-apart system is ~19km, which is in line with this low number. 
 
The Sumatra fault zone closely follows the trend of active volcanic arc centers (Figures II.1.8, II.1.9), possibly 
because this is probably a zone of thermally weakened crust. However, there appears to be limited tectonic 
control of the Great Sumatra Fault on the locations of active arc volcanic centers (Acocella et al. 2018). 
 
Another fault zone that is similar to and parallel to the Great Sumatra Fault Zone is the offshore Mentawai 
Fault zone. This makes the ~600km long area between these fault zones a separate microcontinental sliver 
plate (see below in Fore-arc chapter) 
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   Volcanism and mineral deposits 
Early reviews of Sumatra mineral deposits were by Wing Easton (1926); recent reviews are by Crow and Van 
Leeuwen (2005) and Van Leeuwen (2014).  
 
Epithermal gold-silver deposits have been exploited on Sumatra since the 1700's, first on behalf of the 'Dutch 
East Indies Company' (VOC), later by the colonial government and by private enterprises.. 
 
Economic mineral deposits of Sumatra are essentially in two groups (Figure II.1.10): 
1. gold, silver and copper deposits all along the Barisan Range, and associated with the volcanic arc and the 

Great Sumatran Fault Zone; 
2. tin deposits, associated with eroded Mesozoic post-collisional 'tin granites' of Sundaland, mainly of Late 

Triassic- Early Jurassic ages, possibly also Cretaceous tin granites. 
 

 
 

Figure II.1.10 Principal mineral deposits of Sumatra (from Crow and Van Leeuwen 2005). Gold and base metal 
deposits all associated with Miocene end younger volcanism along the Barisan Range. Tin deposits in 
backarc region, associated with Early Mesozoic (mainly Late Triassic) granites. 
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Figure II.1.11. Simau gold-silver mine in Barisan Mountains of West Sumatra. Operated between 1910-1941 
by 'Simau mijnbouw maatschappij' (Ligthart 1926). Mineralization of this mine was described by Koolhoven 
and Aernout (1928). 

 
 
  Paleozoic- Mesozoic paleontology of Sumatra 
The earliest studies of Sumatra fossils are from the late 1800's- early 1900's, mainly on material collected 
during the surveys of Verbeek and Volz. 
 
A good overview of Carboniferous- Cretaceous sediments and fossils is the book by Fontaine and Gafoer 
(1989). Most of the Permian deposits of West Sumatra have near-tropical faunas, including fusulinid 
limestones and floras (the classic 'Cathaysian' 'Jambi Flora'), and have been tied to the Indochina- East 
Malaya group of plates that separated from Gondwana probably in the Devonian. 
 
One of the more significant fossil assemblages of Sumatra is the Early Permian 'Jambi Flora' in the Merangin 
area of the Barisan Mountain front at the west side of the Jambi Basin (Jongmans 1925, 1935, Zwierzycki 
1935, Vozenin-Serra 1980-1989, Van Waveren et al. 2005, 2007, 2018, Crippa et al. 2014, Matysova et al. 
2018).  
 
This has been interpreted as a relatively low latitude 'Cathaysian flora', which has big implications for plate 
reconstructions of West Sumatra as it is outboard of outcrops with an earliest Permian glacial signature 
(Bohorok Fm) and does not fit with the pattern of accretion in the SE Asia margin of terranes that left 
Gondwana at successively later times. For more see the chapter X.5- Paleontology. 
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II.2. Sumatra - Cenozoic Basins, Stratigraphy, Hydrocarbons, Coal 
 

Pre-Tertiary basement of Sumatra is unconformably overlain by sediments of multiple Late Eocene-Oligocene 
rift basins and their succeeding broader Mio-Pliocene sag basins. In the western half of Sumatra is dominated 
by arc volcanics, mainly of Oligocene- Early Miocene and Late Miocene-Recent ages  
 
  Basins formation 
The Late Eocene- Miocene oil and gas basins of Sumatra and Java have often been referred to as 'back-arc 
basins', due to their present-day position behind the modern volcanic arc. However:  
- 1. the orientation of rifts and bounding faults is dominantly North-South and NW-SE, neither trend paralleling 

the orientation of the volcanic arc (many probably follow older basement grain); 
- 2. active volcanism (and therefore presumably subduction activity?) appeared to be at a relatively low during 

rifting/ basin subsidence compared to the times before and after. 
- 3. rift-basins of comparable ages formed across much of Sundaland, far away from the Sunda volcanic arc, 

and including the Sumatra forearc. 
 

 
 

Figure II.2.1. Cenozoic rift-basins of the Sumatra region (Pubellier and Morley, 2014). Many of the initial rifts in 
the back-arc area are bound primarily by N-S and NW-SE trending normal faults and have been viewed by 
many authors as pull-apart basins in a transtensional setting. 

 
It is therefore not appropriate to characterize the Sumatra basins as 'back-arc basins', implying formation by 
subduction-driven extension. Viewing them as pull-apart basins in some broad transtensional regime across 
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Sundaland, possibly tied to major block rotations driven by the India- Eurasia collision, may be more 
appropriate.  
 
The South Sumatra basin is composed of several sub-basins (Jambi, North Palembang, Central Palembang, 
South Palembang), separated by paleo-highs (Ketaling, Iliran, Pendopo, etc.) and flanked by high blocks that 
are sites of Early Miocene reef development (Musi- Kikim Platform, Kuang High, etc.). 
 
Likewise, the Central Sumatra Basin contains two main N-S trending rifts, the Central Deep and the Bengkalis 
Trough, separated by the Minas, Beruk and other paleo-highs. 
 

 
 

Figure II.2.2. Example of the complexity of the South Sumatra Cenozoic rift sub-basins. Main depocenters are 
the Jambi Trough and the South Palembang basin, locally with depths to Pretertiary >15,000 feet (De Coster 
1974) 
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Figure II.2.3. Most of the Central and South Sumatra Paleogene rift sub-basins are half-grabens (Harsa 1978). 
 
 
  Cenozoic basins stratigraphy 
 

Most of the Tertiary basins of Sumatra show a similar tectonostratigraphic succession (e.g. Fig. II.2.4): 
1. Late Cretaceous- ?Middle Eocene: non-deposition: widespread exposure of Sumatra after ~80 Ma Woyla 

terrane collision (Cottam 2011?, Zahirovic et al. 2016); 
2. Late Eocene- Oligocene rifting, with deposition of fluvial, alluvial and lacustrine sediments; 
3. latest Oligocene- earliest Miocene transgressive 'sag phase', with several overall backstepping deltaic 

cycles, In North and South Sumatra basins followed by locally developed reefal limestone (Baturaja/ Basal 
Telisa Limestone); 

4. Early- early Middle Miocene maximum marine phase (Telisa/ Gumai Fm shales); regional seal  
5. Middle Miocene and younger regressive phase (overall shalowing-upward from marine to deltaic deposits 

(Lower Palembang/ Air Benakat Fms); 
6. late Middle- Late Miocene fluvial deposits with locally common coal (Middle Palembang/ Muara Enim Fm);  
7. Late? Pliocene- Recent volcanics/ volcanoclastics-dominated formations (Upper Palembang Fm). 
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Figure II.2.4. Stratigraphy of the South Sumatra Basin ('Stanvac' formation nomenclature; Van Gorsel 1988). 
 
 

 
 

Figure II.2.x. Bonus picture: fish fossil from Eocene lacustrine deposits, Ombilin Basin, Central Sumatra, 
described as Sardinoides amblyostoma by Von der Marck (1876). 
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   Plio-Pleistocene 'Sunda orogeny'  
A widespread Plio-Pleistocene compressional event that affected most of Sundaland is commonly referred to 
as the 'Plio-Pleistocene orogeny'. (Smit Sibinga 1932, 1933, Westerveld 1952).  It caused most of today's 
young surface anticlines on Sumatra, Java, Kalimantan and offshore basins like Natuna and the Malay basin.  
 
Many of these young reverse faults appear to be inversions of Paleogene rift-bounding faults, although very 
few of the most prominent N-S trending rift margins in Sumatra and offshore NW Java have been inverted. 
The remarkable style of anticlinal inversion of half-grabens that is common in the Sumatra basins, was termed 
'Sunda folding' by Eubank and Makki (1981; see also Harding 1983). 
 
In the Sumatra back-arc region the trend of most of these young anticlines is WNW-ESE, i.e. at an angle with 
the NW-SE trend of the Barisan Range (Figures II.1.9, II.2.5). These backarc anticlines have been interpreted 
as en-echelon folds associated with the Great Sumatra left-lateral fault system (Wilcox et al 1973), possibly as 
decoupled strike-slip and compressional components of deformation within a broadly transpressive zone 
(Mount and Suppe 1992). 
 
It appears that neither the Late Paleogene rifting, nor the Plio-Pleistocene compression/ inversion trends have 
a simple genetic relationship with the volcanic arc. 
 

 
 
Figure II.2.5. Map of Sumatra, showing Great Sumatra wrench fault in Barisan Range and anticlinal axes in 

backarc areas at angle to Barisan trend (Wilcox, Harding and. Seeley, 1973). 
 
 
  Sumatra oil and gas fields 
Sumatra has long been Indonesia's most important hydrocarbon province, with oil and gas production from the 
North, Central and South Sumatra 'back-arc' basins since the late 1800's. Oil and gas seeps are also known 
from forearc areas (oil in Bengkulu basin, gas in offshore forearc region), but no commercial deposits have 
been identified here. 
 
Most oils are sourced from lacustrine and coaly facies in Paleogene rift basins, and are trapped in anticlinal 
structures formed during the 'Plio-Pleistocene orogeny'; other traps drape over paleotopographic highs (e.g. 
Harsa 1978). 
 
The distribution of oil and gas fields in Sumatra is very uneven, with 'sweet spots' and areas with no 
hydrocarbons. This is controlled primarily by the distribution of source rocks, i.e. syn-rift Eocene-Oligocene 
lacustrine shales and the volumetrically less important but more widespread Late Oligocene- Miocene coals. 
Oil and gas fields are therefore either directly above the syn-rift source kitchens, or a short migration distance 
(~50km) away from these. 
 
Remarkably, the North and South Sumatra basins have common seeps and numerous small to medium size 
fields, that were found early in the exploration cycle (late 1800's). The Central Sumatra basin has no surface 
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seeps, but contains the largest oil fields and by far the largest total reserves, which were first discovered 
relatively late (1940's)  (Figure II.2.6). 
 

 
 

Figure II.2.6. Oil and gas seeps on Sumatra (Link 1952). Seeps are common in the North and South Sumatra 
basins, but not in Central Sumatra where the largest oil fields are located. 

 
Three major and two minor oil-gas plays are found across Sumatra:  
1. Initial oil exploration in the late 1800's and early 1900's focused on drilling the easily identifiable surface 

anticlines, many of them with surface seeps. These targeting the relatively shallow Middle-Late Miocene 
sandstone reservoirs of the 'regressive' basin phase and drilling stopped after the Telisa/ Gumai shales were 
reached.  Many fields were discovered in this paly in the North and South Sumatra basins, but by present-
day standard most of these are relatively small. By the 1940's all anticlines had been tested and most fields 
were depleted. 

 

2. A deeper and volumetrically most important, play is in Late Oligocene- basal Miocene fluvial-deltaic 
sandstones of the 'transgressive' part of the basin evolution, in anticlinal structures. It was first discovered 
accidentally by NKPM/Stanvac, by drilling 'too deep' through the thick Early Miocene marine shale section 
over Christmas in 1922 at the Talang Akar-Pendopo field in S Sumatra  (~400 MBO cumulative production 
from the Talang Akar Fm). 

 

The first discovery in the Central Sumatra basin was in 1939 in the Lirik field, is in the 'transgressive clastics' 
play. The largest fields oil fields in Sumatra are the giant 3-5 billion barrels Duri and Minas fields in C 
Sumatra, discovered in 1941 and 1944. 

 

3. A third play, which required seismic data as it could not be explored from surface anticline mapping, is in 
Early- Middle Miocene reefal carbonate buildups, and was a main focus of 1970's- 1980's exploration. The 
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Arun field in N Sumatra, discovered in this play in 1971, was one of Indonesia's largest gas fields, but is now 
largely depleted.  

 

4. Fractured and weathered Pre-Tertiary basement, has generated interest since the mid-1980's, but volumes 
have been relatively minor.  

 

5. Sandstones in Eocene- Oligocene syn-rift section. Only a few minor accumulations were tested. The 
lacustrine 'Brown Shale' in the synrift section is a potential unconvential oil shale target.  

 

 
 

Figure II.2.7. North-South stratigraphic cross-section of Arun gas field, North Sumatra, with depositional 
facies.(Djamil 1988). Early- Middle Miocene reefal limestone buildup with thickness up to ~370m. Thickest 
and highest percentage of reefal facies in South (= windward side?)  

 
 
  Sumatra coal 
Sumatra is home to the largest coal mines of Indonesia. The most important coal deposits are in the Middle- 
Late Miocene of the South Sumatra basin, but coal is also mined from the Eocene of the Ombilin intermontane 
basin in the Barisan Mountains and in small mines in the Miocene of the onshore Bengkulu Basin in the SW 
Sumatra fore-arc zone. 
 
Coal in Sumatra is present in three or four formations, in order of importance: 
1. Middle - Late Miocene of the 'regressive phase' of the South Sumatra Basin: mined extensively in the Muara 

Enim area; 
2. Late Eocene -Oligocene in the late rift phase of the Central and South Sumatra basins and the Ombilin 

basin: mined in the Ombilin basin since the late 1800's; 
3. Early Permian coal in the Mengkareng Formation in the West Jambi area: thin, non-commercial, but of 

interest due to its association with plant fossils of the Cathaysian 'Jambi Flora'. 
 
Mining in the Ombilin coal mines started in 1892,  operated by the colonial government, and these have been 
in continuous production since then. Coal is produced from three major seams (A,B,C; 1-5m thick) in the 
Eocene Sawahlunto Formation. Some of these have been in production since the late 1800's, operated mainly 
by the national government.  
 
The other long-running, government operated coal mine is in the Lematang/ Tanjung coal fields of South 
Sumatra. It started at the Bukit Asam coal mine South of Muara Enim in 1916, and is still operational today. 
Coals are mined from the Middle- Late Miocene Middle Palembang Formation (= Muara Enim Fm). The 
formation is ~700m thick and contains ~90m coal in 11-12 horizons (Mannhardt 1921, Ziegler 1921, 
Schurmann 1922). The four main coal horizons are, from old to young: Merapi (D; 8-10m), Petai (C; 5-8m), 
Suban (B; 7-10m) and Mangus (A; 14-22m). A recent review of coal distribution and characteristics in the 
Muara Enim area is by Sanusi et al. (2014). 
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Figure II.2.8. Panorama of the Ombilin coalfield area. Coal-bearing Eocene formations (yellow, marked P, Q, 
R.) overlie Permian limestone and Pretertiary  igneous rocks (Verbeek 1877). 

 
 
Some suggested reading Sumatra- General and Basins (not a complete list of all relevant papers) 
 

General, Structure Verbeek 1875, 1876, 1877, Tobler 1914, 1917, 1922, Brouwer 1915, 
    Moerman 1916, Klein 1918, Kugler 1921, Rutten 1927, Musper 1928, 1930, 1934, 
   Van Bemmelen 1931, 1949, Klompe 1955, Katili 1974, Sasajima et al. 1978,  
   Page et al. 1979, Hahn and Weber 1981, Suparka and Asikin 1981,  
   Davies 1984, Pulunggono and Cameron 1984, Pulunggono 1985,  
   Moulds 1989, Clure 1991, Surono et al. 1999, McCarthy and Elders 1997,  
   Barber 2000, Gafoer 2002, Barber, Crow and Milsom 2005, Milsom 2005, 2016,  
   Barber and Crow 2003, 2005, 2009, Ridd 2016. 
 

North Sumatra  Volz 1899, 1909, 1912, Wing Easton 1894, Zwierzycki 1922, 'T Hoen 1922,  
   Van Lohuizen 1924, British Geol. Survey N Sumatra Cameron, Clarke; 1980's),  
   Kirby et al. 1989, 1993, Davies 1989, Tiltman 1990, Wajzer et al. 1991, 
   Yulihanto and Situmorang 2002, Hidayatillah et al. 2017 
 

West Sumatra  Verbeek 1875-1919, Fennema 1887, Volz. 1899-1914 
 

South Sumatra  Verbeek 1881, Tobler 1903-1925, Musper 1928-1937, Van Bemmelen 1930, 1949 
   Westerveld 1941, Westerveld 1931-1941, Wennekers 1958,  
   Pulunggono 1969, 1986, 1992, Panggabean et al. 2007 
 

Paleozoic- Mesozoic   Roemer 1881, Krumbeck 1914, Meyer 1922, Baumberger 1922, 1925, Tobler 1923,  
  paleontology  Silvestri 1925, 1935,  Lange 1925, Posthumus 1927, Tan Sin Hok 1933, Yabe 1946, 
   De Neve 1949, 1961, Kobayashi and Masatani 1968, Yancey and Alif 1977, 
   Fontaine et al. 1981, 1992, Beauvais et al. 1985, 1989, Tien 1986, 1989,  
   Vachard 1989, Metcalfe 1979-1989, Hasibuan 1993, Kato et al. 1999,  
   McCarthy et al. 2001, Booi et al. 2008, 2009, 2017, Crippa et al. 2014,  
 

Sumatra Fault zone Durham 1940, Westerveld 1953, Katili 1969, 1970, Tjia 1970, 1972, 1977,  
   Posavec et al. 1973, McCarthy et al. 1977, Kristanto 1991, Bellier et al. 1991, 1997,  
   Bellier and Sebrier 1994, 1995, Beaudouin et al. 1995, Sieh and Natawidjaja  
   2000, Prawirodirdjo et al. 2000, Natawidjaja 2002, 2007, 2014, 2018, 
   Situmorang and Yulihanto 2007, Weller et al. 2012, Fernandez-Blanco et al. 2016,  
   Putra and Husein 2016 
 

Sumatra granites Katili 1962, Hutchison 1989, Sato 1991, Cobbing et al. 1992, Subandrio 2003, 1997, 
   Subandrio and Suparka 1994, Gasparon and Varne 1995, Saefudin 2000,  
   Sukarna et al. 2000, Hartono 2002 
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Sumatra volcanism Kemmerling 1921, Westerveld 1942, 1947, 1952, Katili 1968, 1969, Rock et al. 1982, 
    Gasparon 1993, 2005, McCourt et al. 1996, Sutanto 1997, 1998, 2005, 
   Bellon et al. 2004, Crow 2005, Soeria-Atmadja and Noeradi 2005, 
   Harahap 2006, 2011, Zulkarnain 2005-2016 
 

Mining   Truscott 1912, Wing Easton 1926, Koolhoven and Aernout 1928, Osberger 1954,  
   Van Leeuwen et al. 1987, Schwartz and Surjono 1990, Lubis et al. 2000,  
   Crow and Van Leeuwen 2005, Subandrio 2007,2009, 2012, Maryono et al. 2014,  
   Van Leeuwen 2014, McCarroll et al. 2014, Rivai et al. 2017, Setiawan 2017 
 

South Sumatra oil-gas Tobler 1906,1913, 1918, Hovig 1917, Dufour 1957, De Coster 1974,  
   Akuanbantin and Ardiputra 1976, Harsa 1978, Hutapea 1981, 1988, 2002,  
   Wahab and Purnomo 1982, Kalan et al. 1984, Martadinata 1984, 1999,  
   Zeliff et al. 1985, Hasan and. Soebandrio 1988, Pertamina BPPKA1996,  
   Rashid et al. 1998, Agus et al. 2005, Argakoesoemah et al.2004, 2005, 2006, 
   Ginger and Fielding 2005, Firmansyah et al. 2007, Guttormsen 2010 
 

Central Sumatra oil-gas    De Coster 1974, Hasan et al. 1977, Houpt and Kersting 1978,  
   Eubank and Makki 1981, Williams et al. 1985, 1995, Robinson and Kamal 1988, 
   Longley et al. 1990, Heidrick and Aulia 1993, Kelley et al. 1995, Pertamina  
   BPPKA1996, Katz and Dawson 1997, Toha et al. 1999, Dawson et al. 2005,  
 

North Sumatra oil- gas Graves and Weegar 1973, Kingston 1978, McArthur et al. 1982, Mundt 1983, 
   Soeparjadi 1983, Nayoan et al. 1984, Abdullah and Jordan 1987,  
   Courteney et al. 1990, Rory 1990, Jordan and Abdullah 1992,  
   Caughey and Wahyudi 1993, Fuse et al. 1996, Buck and McCulloh 1994,  
   Collins et al. 1996, Pertamina BPPKA1996, Meckel et al. 2012, Meckel 2013 
 

Ombilin basin coal Verbeek 1875, Wally 1939, Whateley and Jordan 1989. 
 

South Sumatra Coal Everwijn 1860, 1873, Hirschi 1916, Philippi 1918, Tromp 1919, Anonymous 1919,  
   Mannhardt 1921, Ziegler 1921, Tobler 1922, Mukherjee 1935,  
   Matasak and Kendarsi 1980, Von Schwartzenberg 1989, Amier 1991, Pujobroto 1997, 
   Subiyanto and Panggabean 2004, Amijaya 2005, Amijaya and Littke 2005, 2006,  
   Susilawati and Ward 2006, Daulay and Santoso 2008, Permana 2008, 2011, 
   Belkin et al. 2007, 2008, Sosrowidjojo and Saghafi 2009, Mazumder et al. 2010,  
   Bahtiar and Ningrum 2012 
 

Permian Mengkareng Fm   Tobler 1922, Zwierzycki 1935, Jongmans 1925, 1935, Thompson 1936,  
  (with Jambi Flora) Vozenin-Serra 1980-1989, Fontaine and Gafoer 1989, Andi Mangga et al. 1996,  
   Van Waveren et al. 2005, 2007, 2018, Suwarna 2006, Ueno et al. 2006, 2007, 
    Hasibuan 2000,2007, Nainggolan 2012, Crippa et al. 2014, Matysova et al. 2018, 



Bibliography of Indonesia Geology ,Ed. 7.0         www.vangorselslist.com    July. 2018 
 

20

II.3. Sumatra - Forearc 
 

The Sumatra forearc is the region between the Sunda volcanic arc and the offshore accretionary prism, in a 
zone of oblique convergence between the Northward subducting Indian Ocean (~65mm/year) and the 
Sundaland margin at Sumatra. An elegant recent review of the Sumatra forearc region is by McCaffrey (2009). 
 
The forearc region overlies a North-dipping subduction zone. Depths to the top of the subducting Indian Ocean 
Plate ranges from about ~6 km at the trench to ~40 km at the shoreline, to >100 km below the volcanic arc. 
(e.g. Klingelhoefer et al, 2010). 
 
The Sumatra forearc region is underlain by continental or accretionary crust of the Eurasia/ Sundaland margin, 
presumably mainly part of the the West Burma- Woyla magmatic arc terrane that collided with Sundaland 
around ~80-90 Ma. (Barber 2000, Zahirovich et al. 2016). Classic studies of the Cenozoic evolution of the 
offshore forearc region include Beaudry and Moore (1981, 1985), Berglar et al. 2010, 2017) 
 
As already noted by Hamilton (1979) and Karig et al. (1980), despite the proximity to a major convergent plate 
margin, there is little or no compressional deformation in the upper plate of the forearc region (except in the 
accretionary prism). Over 90% of the convergence between the Eurasian and Indian Ocean plates is absorbed 
at the trench/ distal accretionary prism and the thrusting of off-scraped sediments in the accretionary prism. 
 
The northern part of the offshore forearc has been investigated in great detail recently after the 26 December 
2004 mega-earthquake and tsunami offshore Aceh (e.g. Seeber et al. 2007, Sieh 2012, etc.). 
 
 

 
 
Figure II.3.1 . Sumatra forearc region, showing positions of major faults and islands  (Milsom 2005). 
 
 
  Indentation of the Sunda Trench, indentation, and accretionary prism 
The Sunda Trench (water depths of >6000 m in the South, <5000m in the North), displays a distinct change in 
trend between 96°E and 97°E, looking like a major indentation of the trench off Central Sumatra. This was 
termed the 'Nias Elbow' may have been caused by the  collision/subduction of the 2 km high Investigator 
Ridge (Milsom 2005, Figures II.3.1, II.3.2, Lange et al. 2010).  
 
This area of indentation of the trench corresponds with a narrower accretionary accretionary prism, and which 
is also the sector with more highly uplifted parts of the prism, which now form the Mentawai islands (Simeulue, 
Nias, Siberut, Pagai).  
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Figure II.3.2 . Sumatra forearc area, showing distinct indentation of the trench South of the Mentawai islands. 

This is most pronounced at the 'Nias Elbow' and is probably caused by collision/ subduction of large Indian 
Ocean seamounts and the Investigator and 97°Fracture Zones (Milsom 2005) (Google map). 

 
  Accretionary prism 
The accretionary prism inboard of the Sunda Trench is ~180km wide in the segment off northermost Sumatra, 
but narrows to <125 km near Simeulue and islands further South (Frederik et al. 2015, 2016) (see also Figure 
II.3.2). 
 
Thrusting within the prism is as landward-dipping faults/ folds at the trench side, steepening and increasing in 
age in landward direction (Figures II.3.3, II.3.4; Moore and Karig, Karig 1977, Frederik et al. 2015). Along parts 
of its length seaward-dipping thrusts at the landward side have been interpreted (Mukti et al. 2012), but some 
or all of these could be the expression of the Mentawai strike-slip system that runs immediately landward of 
the accretionary prism.  
 
The age of imbricational deformation decreases upward and in the direction of the trench, and there probably 
also is systematic oceanward younging of the unconformity that separates the imbricated series from overlying 
little-deformed bathyal sediments of intra-slope/piggy-back' basins (Karig et al. 1980). 
 
On Nias island the oldest 'post-Oyo melange' Nias beds lack calcareous microfossils, indicating deposition 
below the Carbonate Compensation Depth, and are probably of Early Miocene age (Moore et al. 1980). 
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Figure II.3.3 Diagrammatic cross-section through the accretionary prism of Sumatra (Moore and Karig 1976). 
 
Schluter et al. (2002) suggested the presence of two accretionary wedges: an older (Late Oligocene) inner 
Accretionary wedge I at the landward side and Neogene-Recent outer Accretionary wedge II. Wedge I forms 
the highest elvations of the accretionary systems. 
 

 
 

Figure II.3.4. Interpretation of SW-NE seismic line offshore SE Sumatra, showing part of the accretionary 
prism of imbricated sediments, overlain by post-deformational slope basins with deep marine sediments, and 
the Mentawai Trough intra-slope basin on continental crust of the Sumatra margin upper plate (Djajadihardja 
et al. 1999). 

 
 
.. Forearc basins 
As already noted by Hamilton (1979), despite the position close to a convergent plate margin, there is little or 
no compressional deformation in the upper plate of the forearc region (except in the accretionary prism). 
Instead structuring is dominated by strike-slip and extension. Most of the shortening between the Eurasian and 
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Indian Ocean plates is absorbed at the trench, as reflected by the thrusting of off-scraped ocean floor 
sediments in the accretionary prism. 
 
The forearc regions appear to have undergone multiple episodes of Paleogene and Neogene rifting (Hall et al. 
1993), Paleogene rifting is well-developed offshore Bengkulu and other basins, which have >3-4 km of 
Cenozoic sediment fill and may be temporally related to extension in the Sumatra 'back-arc region.(Howles 
1986).  
 
The six main Cenozoic forearc basins of Sumatra are, from NW to SE, Aceh, Simuelue, Siberut, Bengkulu, 
Enggano and Mentawai. (Figure II.3.4) 
 
A significant Early Miocene unconformity/ basin inversion event has been suggested by several authors (e.g. 
Samuel and Harbury 1995, 1997). 
 
 
  Mentawai Fault zone 
The oblique convergent setting of the Sumatra forearc region caused NW-SE trending, right-lateral strike-slip 
faulting.  One of these faults is the ~600km long, right-lateral wrench fault zone immediately behind the 
accretionary prism offshore West Sumatra, and which was named Mentawai Fault Zone by Diament et al. 
(1992) and Malod et al. (1993, 1996). It runs closely along the thrust front of the accretionary prism and may 
follow the continent- ocean boundary (Zen 1993)  (Figures II.3.1, II.3.4, II.3.5). 
 

 
 

Figure II.3.4. The Sumatra fore-arc today is a 'sliver plate' between the onshore Sumatra and offshore 
Mentawai right-lateral fault zones. Cenozoic forearc basins: 1- Aceh, 2- Simuelue, 3- Siberut, 4- Bengkulu, 
5- Enggano, 6- Mentawai. (part of Noda et al. 2017 figure). 

 
Today the entire forearc area between the Melawai Fault zone and the Great Sumatra fault moves as a 
separate microplate or 'sliver plate' along most of Sumatra. 
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Figure II.3.5. Most of the Sumatra forearc is a tectonic sliver plate between the Mentawai and Great Sumatra 
Fault zones. The Mentawai Fault zone probably follows the margin of continental crust, Sumatran FZ follows 
the volcanic arc. 

 
 
  Mentawai Islands 
The Mentawai islands (Simeulue, Nias, Siberut, Pagai, Enggano, etc.) between the West coast of Sumatra 
and the Sunda Trench are generally interpreted as the emergent parts of the Sunda accretionary prism (Karig 
et al. 1980, Moore?, Harbury and Kallagher 1991, ). Rocks are dominated by complexly imbricated, 
predominantly NE-dipping Eocene- Early Miocene deep marine sediments, with common diapyric 
remobilization features.  
 
There are also blocks and slivers of ophiolitic rocks, presumably fragments of Indiian Ocean floor crust. 
Gabbro from the East Simeulue ophiolite gave Late Eocene K-Ar ages (~35.4, 40.1 Ma; Kallagher 1990). This 
is close to the age of a red radiolarian chert sample from ophiolitic basment, interpreted to be of Middle 
Eocene age (Ling and Samuel 1998).  
 
Imbricated sediments are unconformably overlain by less deformed ?Middle Miocene- Pliocene deep marine 
sediments. (Djamal et al. 1995, Aribowo et al. 2014, 2015; e.g. Figure II.3.6). These ages probably vary along 
the accretionary complex.  The exposed parts of the Sumatra accretionary complex probably represent older 
sediment imbrication than the parts of the accretionary prism closer to the trench, where this underthrusting is 
happening today. 
 
 

 
 

Figure II.3.6. Historic cross-section of the western part of Nias Island, showing steeply dipping Miocene(?) 
sediments, unconformably overlain by uplifted Pliocene? limestone (Verbeek, 1876). 
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  Oil and gas seeps, hydrocarbon exploration 
Like other forearc regions, the Sumatra forearc region has low low heat flows (e.g. Lutz et al. 2009). This 
means that areas with adequate thermogenic petroleum system are absent or very limited in the Sumatra 
forearc (e.g. Specht et al. 2000).  This is probably the main reason why hydrocarbon prospectivity of the region 
is perceived to be low, because most other play elements (source facies, carbonate and clastic reservoirs, 
structure, etc.) appear to be largely similar to the prolific 'back-arc' basins of Sumatra, which have unusually 
high heat flows.  
 
A number of hydrocarbon exploration wells were drilled in several rounds: Jenney group (1969-1974, Hariadi 
and Soeparjadi 1975), Union Oil (1968-1978; Rose 1983) and Caltex (1996-?; Specht et al. 2000). Several of 
the wells tested methane gas, but none were deemed to be commercial accumulations. 
 
In the offshore area active gas seepage has been identified on modern seismic lines and core sampling (Lutz 
et al. 2010, Siegert et al. 2011, Ardhyastuti et al. 2017). Most of the gas encountered in forearc basin wells is 
biogenic gas, which mostly reflects the traditionally low geothermal gradients in the forearc (Dobson et al. 
1998).  Oil seeps have long been known from the onshore Bengkulu basin (e.g. Figure II.2.6). 
 
 
  Sunda Straits 
The Sunda Straits basin, also called Semangka Graben, is commonly viewed as a very young transtensional 
pull-apart basin at the SE termination of the Great Sumatra Fault zone (Figure II.3.7)  (Huchon and Le Pichon 
1984, Malod et al. 1995, Lelgemann et al 2000, Schluter et al. 2002, Mulyana 2006). 
 
Suggested ages of the onset of transtension include latest Miocene (Lassal et al. 1989) or Early Miocene 
(Schluter et al. 2002; too old?).  
 

 
 

Figure II.3.7. Sunda Strait pull-apart basin at the SE end of the Great Sumatra Fault Zone (Malod et al. 1996). 
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One deep, 1970's oil exploration well in the Sunda Straits graben reportedly penetrated 3 km of Pleistocene 
sediments (Mike Scrutton, pers. comm.), suggesting much of the subsidence in the Sunda Straits pull-apart 
basin(s) is quite young, and possibly still active. 
 
 
 
Some suggested reading- Sumatra forearc (not a complete listing of all relevant papers) 
 

General, Structure  Karig et al. 1978, 1980, Situmorang et al. 1987, Zen 1993, Malod et al. 1993,  
    Malod and Kemal 1996, Kopp et al. 2001, 2008, McCaffrey 1992, 2009,  
    Berglar 2010, Berglar et al. 2008, 2010, 2017, Mukti et al. 2011, 2012, 2017,  
    Hananto et al. 2012 
 

Forearc stratigraphy  Beaudry and Moore 1981, 1985, Rose 1983, Matson and Moore 1992, 
    Izart et al. 1994, Lutz et al. 2009  Berglar et al. 2008, 2010, 2017,  
    Frankowicz 2011, Deighton et al. 2014 
 

Accretionary complex  Moore and Karig 1976, Karig 1977, Stevens and Moore 1985,  
    Moore et al. 1982, Klingelhoefer et al. 2010, McNeill and Henstock 2014, 
    Frederik et al. 2015. 
 
Hydrocarbons, seeps  Hariadi and Soeparjadi 1975, Djajadihardja et al. 1999,  
    Yulihanto and Wiyanto 1999, Lutz et al. 2010, Siegert et al. 2011,  
    Ardhyastuti et al. 2017 
 

Mentawai Fault Zone  Diament et al. 1992, Samuel and Harbury 1996, Mukti et al. 2010, 2012,  
 

Mentawai Islands  Verbeek 1874, 1876, Icke and Martin 1907, Douville 1912,  
    Van der Veen 1913, Tappenbeck 1936, Tjia, and Boentaran 1969, 
    Moore 1978, Moore et al. 1979, 1980,Budhitrisna, 1989, 1990,  
    Harbury et al. 1989, Situmorang et al. 1990, Harbury and Kallagher 1991, 
    Pubellier et al. 1992,Djamal et al. 1994, Endharto et al. 1994, 
    Andi Mangga et al. 1994, Samuel and Harbury 1995, 1997,  
    Ling and Samuel 1998, Aribowo et al. 2014, 2015 
 

Sunda Straits basin  Malod and Kemal 1996, Lelgemann et al. 2000, Schluter et al. 2002,  
  (Semangka Graben)  Mulyana 2006, Mukti et al. 2015, Handayani and Harjono 2008, 
    Arisbaya et al. 2015, 2016 
 

Bengkulu basin   Van Dijk 1860, Fennema 1885, Amin and Gafoer 1985,  
    Mulhadiono and. Asikin 1989, Hall et al. 1993, Daulay and Nursarya 1996,  
    Yulihanto et al. 1995, 1996, Kusnama 2002. 
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 II.4. Sunda Shelf (incl. 'Tin Islands', Karimata) 
 

The Sunda Shelf is part of the relatively stable core of 'Sundaland', an area of Paleozoic and older continental 
terranes (Indochina- East Malaya- SW Borneo?) that amalgamated with SE Asia by Late Triassic time. On the 
islands Pre-Tertiary rocks outcrop extensively, or are covered by only a thin veneer of Quaternary fluvial and 
shelfal relict sediments. Except for the areas of Late Paleogene-Neogene basins like the Malay, Natuna and 
Gulf of Thailand basins it has mainly been an area of erosion and non-deposition since the Jurassic. 
 
The Sunda Shelf today is a broad, relatively flat, shallow epicontinental sea, that is essentially a peneplained 
land area that was exposed during Pleistocene glacial lowstands and was drowned during the Holocene 
sealevel rise of ~120m. The stepwise flooding of the Sunda plain since ~13,500 years ago is described in 
papers from Sonne cruises by Hanebuth and Stategger (2003, 2004) and Hanebuth et al. (2000, 2009). 
 
During the Last Glacial Maximum between ~16-22 ka (and probably also during earlier Pleistocene lowstands) 
much of the exposed Sunda shelf was covered by tropical rainforest, as suggested by pollen records (Sun et 
al. 2000, Wang et al. 2007, 2009). Temperatures were slighly cooler, but there was no decrease in humidity 
that was significant enough to prevent rainforest vegetation. 
 

 
 
Figure II.4.1. Sunda shelf with drowned incised river valleys that connect to major rivers on Sumatra and West 

Kalimantan (Molengraaf, 1922) 
 
A pattern of Late Pleistocene relict incised river valleys, draining from Sumatra and Borneo into the South 
China Sea, was discussed by Molengraaff (1919), Kuenen (1950), Hanebuth et al. (2000), Sathiamurthy and 
Rachman (2017), Hantoro (2018), etc. (Figures II.4.1, II.4.2). These formed during the Last Glacial Maximum 
of ~18,000 years ago, when sealevel was ~120m below present-day level. 
 
Over the Penyu Basin (Malaysian part of the Sunda Shelf) the average depth to the Late-Pleistocene exposed 
surface is 53- 64m below present-day MSL, with ~16- 50m of valley incision (Rahmad et al. 2016). 
 



Bibliography of Indonesia Geology ,Ed. 7.0         www.vangorselslist.com    July. 2018 
 

28

 

 
 

Figure II.4.2. The Sunda Shelf and Java Sea are drowned land areas that were exposed during Pleistocene 
glacial lowstand intervals, developed large incised drainage systems of rivers flowing to the South China 
Sea and Flores Sea (Hantoro 2018).  

 
  Sunda shelf basement 
Not much is known about the composition of basement rocks of the submerged Sunda shelf. On Bangka and 
Belitung islands the oldest rocks are Late Paleozoic mica schists and low-metamorphic metasediments of the 
Pemali Group (U Ko Ko 1986). They are isoclinally folded, steeply dipping, WNW-ESE trending (and generally 
south-dipping?) turbiditic clastics of Permian- Middle Triassic age, with basalts and thin limestones and thin-
bedded radiolarian cherts (Figure II.4.3). Some serpentinite has been reported as well.  
 
These intensely folded beds are unconformably overlain by gently folded Upper Triassic Tempilang Fm 
sandstones and are intruded by large 'post-collisional 'granite intrusives of latest Triassic age (possibly also 
Early Jurassic), many of which are associated with tin mineralization (see below). 
 
Rare fossils in the highly folded basal series are mainly of Permian age, but also includes some Triassic 
(Norian) fauna: 
- Lower Permian cassiteritized ammonoid Agathiceras sundaicum from the Lenggang district, Belitung 

(Kruizinga 1950). This was deemed to be more likely of lower Middle Permian age by Fontaine (1989); 
- Permian fusulinid foraminifera Fusulina and Schwagerina in white silicified limestone bands in 'flysch' series 

(De Roever 1951); 
- In SE of Belitung island rare Permian plant assemblages provisionally identified by Jongmans as Cathaysian  

flora with Gigantopteris (Van Overeem 1960); 
- Fragment of a straight nautiloid Neorthoceras at Kelapa Kampit, NE Belitung, suggests Early-Middle Permian 

age (Archbold 1983); 



Bibliography of Indonesia Geology ,Ed. 7.0         www.vangorselslist.com    July. 2018 
 

29

- Crinoid stems in magnetite-cassiterite ore body at Selumar (East Belitung) assigned to Moscovicrinus, and 
believed to be of E Permian age Hosking et al. 1977). 

- Radiolaria in folded cherts of Belitung  'probable Late Paleozoic age (Hinde, in Verbeek 1897). 
- Late Triassic (Norian?) corals, calcareous sponges and crinoids from low-metamorphic limestone in folded 

phyllite-quartzite section at the Lumut mine on Bangka (De Neve and De Roever 1947). The presence of 
Triassic beds in the folded Pemali series also appears to be supported by the (poorly documented) presence 
of bivalve mollusc Daonella (Westerveld 1941).  

 
These intensely folded rocks can be interpreted as an accretionary complex of Paleo-Tethys ocean-floor and 
continental margin material, imbricated before and during the Middle-Late Triassic collision with the Sibumasu 
terrane (Hutchison1994, Barber and Crow 2009).  
 
A poorly known but potentially important occurrence of 'pebbly mudstones'/diamictites with granitic pebbles 
near Toboali in SE Bangka (Zwartkruis 1962, U Ko Ko 1986) may represent glacial deposits and, if so, would 
link this to the margin of the Sibumasu terrane. 
 
This Pemali complex is unconformably overlain by gently folded, probably Tempilan Formation sandstones 
and shales with poorly preserved latest Triassic- earliest Jurassic 'Bintan flora' on SW Bintan Island 
(Jongmans1951, Wade-Murphy and Van Konijnenburg 2008). This stratigraphy and flora suggests affinities 
with the Malay Peninsula and NW Kalimantan. 
 
Cretaceous and Tertiary deposits are absent or very thin in the Sunda Shelf region. 

 
 

Figure II.4.3. SW-NE cross-sections across islands of Kundur and Batam (top) and Singkep and Lingga 
(bottom), showing imbricated Permo-Carboniferous, overlain by less-deformed Triassic clastics, intruded by 
Late Triassic granites (Bothe, 1928) 

 
Gravity maps over the Sunda shelf show distinct and continuous bands that may be used to link the geology of 
East Sumatra with that of SW Kalimantan (Figure II.4.4 free-air satellite gravity map and the Bouguer gravity 
map on the front cover; from www.bandaarcgeophysics.co.uk/WestIndo_lines/3D-BA267v2.jpg). Several 
authors (Hall, Metcalfe, Morley 2012, Satyana, etc.) postulated a major Cretaceous-age N-S suture zone 
across the Sunda shelf, between the Indochina/ West Sumatra block in the West and SW Borneo block in the 
East, but no obvious discontinuity can be seen on this geophysical data that would suggest a major terrane 
boundary. 
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Figure II.4.4. Sunda Shelf- Java Sea part of IUGG 2003 Gravity anomaly map of Indonesia, compiled from 
land Bouguer values and Free-air in the marine area. Showing apparent continuity of geology between SE 
Sumatra and South Kalimantan. 
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  Tin islands 
The main economic interest of the Sunda Shelf region is in the tin deposits around Bangka and Belitung 
(Billiton) islands off the NE coast of Sumatra, which extend to the islands of Lingga and Singkep, NE Sumatra 
and probably extending to the Karimata islands off SW Kalimantan (Sarmili 1998, 1999, Setijadji et al. 2014, 
Batchelor 2015). These tin deposits are part of the SE Asia tin belt that stretches for ~3000km from Myanmar 
through West Thailand and the Malay Peninsula Main Range granites to Bangka- Belitung and possibly further 
East (Soeria-Atmadja et al. 1986, Schwartz et al. 1995). 
 
Numerous papers have been published on the tin deposits of the Indonesian 'Tin Islands Bangka, Belitung and 
others, dating back to the 1800's. Tin mining has been ongoing since the at least the early 1700's on Bangka, 
with much of the early mining involving Chinese contract laborers. On Belitung full-scale tin mining started with 
the creation of the 'Billiton Maatschappij' in 1860, after several small-scale operations. The first offshore 
dredging started off Belitung in 1938.  Indonesia has produced ~15% of all tin mined in the world, but tin 
reserves are largely depleted today. 
 
  Primary tin mineralization 
Primary tin (cassiterite) deposits formed in and around 'post-collisional 'granites' with Sn-W-Sb minerals of 
Late Triassic age (mainly 200-220 Ma), possibly also including Early Jurassic; Priem et al. 1975, Jones et al. 
1977). A predominatly Norian age of the Bangka and Belitung tin granites seems well established: Priem and 
Bon (1982) noted that most radiometric ages of are in the 214-217 Ma range, while the latest dating from 
Bangka granites are zircon U-Pb ages of ~225 and ~220 Ma (Ng et al. 2017). 
 
The Bangka tin granites are mainly biotite granites, and include both hornblende-bearing (previously I-type) 
and hornblende-barren (previously S-type) granites, apparently randomly distributed, and are geochemically 
similar to the Malaysian Main Range granites (Ng et al. 2017). They formed during excessive thickening and 
heating of continental crust after the collision of the Indochina and Sibumasu continental plates along the 
Paleotethys suture. 
 
The Indonesian tin granites that are at the SE end of the long SE Asian tin belt, which extends from Northern 
Myanmar through West Thailand and West Malaysia (Hutchison 1983, Pitfield 1987, Schwartz et al. 1995, 
etc.).  There is also a second, more western belt of tin-bearing granites of Late Cretaceous age that extends 
from northern Peninsular Thailand and Myanmar to the western Malay Peninsula and probably extending into 
North Sumatra (~80 Ma Hatapang granite; Hamidsyah and Clarke 1982, Johari 1988). 
 
Primary tin deposits of the Tin islands occur as cassiterite-bearing hydrothermal veins in and around Late 
Triassic granite plutons. Veins are usually in country rocks of isoclinally folded, steeply dipping Permian- 
Triassic marine metaclastics with radiolarite beds of the Pemali Group. Only a few of these primary vein 
systems were mined commercially on Bangka island (Groothoff 1916, Wing Easton 1937, Adam 1960, Meyer 
1975, U Ko Ko 1984, Schwartz and Surjono 1990,1995). 
 
  Pleistocene tin placer deposits 
Most of the tin ores (>95%) has been extracted from onshore and offshore Quaternary alluvial placer deposits, 
that formed from chemical weathering and erosion of the granites and surrounding mineralized zones (Figures 
II.4.5, II.4.6).  
 
Tin miners on Bangka distinguished two types of alluvial tin-bearing deposits (Aleva 1985): 
1. 'Kulit': relatively in-situ 'eluvial' and 'colluvial' residual concentrations of cassiterite from weathered granites 

and mineralized aureoles, in interfluve hilly areas and on valley slopes; 
2. 'Kaksa': eroded and transported cassiterite, concentrated as placer deposits near the bases of incised fluvial 

drainage channels. These are the largest and richest of tin deposits. Most of the valleys in which the placers 
formed probably originated during glacial lowstand periods when sealevel was at least 30-50m lower than 
today 

 
Economic cassiterite placers appear to be limited to an area within 15 km from the contacts with granitic 
mother rocks, with the largest number of known tin placers ~5-12 km from granites (Kanayama 1973).  These 
deposits are now largely depleted. 
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Figure II.4.5. Distribution of main cassiterite placer deposits (black) and main exposed Late Triassic granitoid 
plutons of Bangka and Belitung (Aleva, 1985). These tin-bearing valley-fills continue offshore. 

 
The tin placer deposits appear to be in similar stratigraphic positions on the Indonesian tin islands and along 
the western Malay Peninsula, i.e. primarily in latest Pliocene- Middle Pleistocene 'Old Alluvium' and 
Transitional beds that overlie highly weathered bedrock. Late Pleistocene- Holocene 'Young Alluvium' is 
generally barren of tin (Batchelor 1986, 1988). Present-day depositional environments are apparently 
unfavorable for tin placer formation. 
 
 

 
 

Figure II.4.6. NW-SE cross-section from Singkep- Cebia to Bangka island, showing steeply dipping Permo-
Triassic basement metasediments, intruded by Late Triassic granitoids, overlain by thin Miocene sediments 
and a Pleistocene Alluvial Complex of 30-45m deep tin-bearing incised valleys and very thin Late 
Quaternary sediment cover (Aleva, 1973). 
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Figure II.4.7. Example of distribution of channelized tin placer deposits (black) on Singkep Island, extending 
from onshore to offshore SE (Aleva 1985). 

 
 
 
   Billitonites tektites 
One interesting aspect of Belitung geology is the presence of Middle Pleistocene 'billitonites' at the base of the 
tin-bearing placer deposits. These are black glassy spheres up 5 centimeters in diameter that formed at the 
'Australasian' asteroid impact in mainland SE Asia at ~0.8 Ma, and rained over much of SE Asia and Australia 
(Figure II.4.8). Papers on Belitung tektites include Van Dijk (1879), Wichmann (1893), Verbeek (1897), Krause 
(1898), Hovig (1923) Wing Easton (1915, 1921) and Koomans (1938). 
 
 

            
 

Figure II.4.8. 'Billitonite' tektites from Belitung Island. Left:Two sides of same tektite, showing one side with 
more grooved surface (Von Koenigswald 1960). Right: Billitonite affected by ablation melting, leaving small 
'table' remnants, with right reconstruction of the original outline (Koomans 1938). 
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Some suggested reading - Sunda Shelf- 'Tin Islands' (not a complete listing of all relevant papers) 
 

Geology:   Akkeringa 1872, Posewitz 1885,Verbeek 1897, Molengraaff 1919, 1921, 
   Aernout 1922, Bothe 1928, Zwierzycki 1933, Westerveld 1936, 1937, 1941, 
   Zwartkruis 1962, Katili 1967, 1968, Ben-Avraham and Emery 1973,  
   U Ko Ko 1986, Andi Mangga and Djamal 1994, Baharuddin and Sidarto 1995 
 

Triassic granites Westerveld 1936, Aleva 1960, Edwards and McLaughlin 1965, Priem and Bon 1982, 
   Sitanggang 1986, Soeria-Atmadja et al. 1986, Dirk 2003, 2004, 2013, 
   Abidin and Harahap 2005, Widana 2013, Widana et al. 2014, 2015,  
   Widana and Priadi 2015, Irzon 2015, 2017, Ng et al. 2017 
 
 

Primary tin deposits Akkeringa 1873, Groothoff 1916, Van Lohuizen 1918, Akkersdijk 1932, 
   Westerveld 1937, 1941, Adam 1960, Cissarz and Baum 1960, Katili 1967, 
   Hosking 1970, Meyer 1975, Jones et al. 1977, Wisoko 1981, U Ko Ko 1984, 
   Van Wees and de Vente 1984, Notosiswojo and Sugeng 1987, 
   Schwartz and Surjono 1990, 1991, Abidin 2001, 2002, 2003, 2004 
 

Alluvial Tin deposits/ mining Van Diest, P.H. 1873, Posewitz 1886, Verbeek 1897, Rueb 1915, 1920,  
   Bothe 1925, Wing Easton 1925, 1933, 1937, Krol 1960, Osberger 1967, 1968, 
   Hosking 1971, Sujitno 1977, Batchelor 1979, 1986, 1988, Aleva et al.1973, 
   Aleva 1985, Hamza 1995, 1998, Abidin et al. 1999, Soehaimi and Moechtar 1999, 
   Aryanto and Kamiludin 2016 
 

Permian-Triassic fauna/ flora:  Hinde 1897, De Neve and De Roever 1947, Kruizinga 1950,  
   Jongmans 1951,De Roever 1951, Van Overeem 1960, Krol 1960, Kanayama 1973, 
   Strimple and Yancey 1976, Hosking et al. 1977, Archbold 1983,  
   Wade-Murphy and Van Konijnenburg 2008 
 

Pleistocene:   Molengraaff and Weber 1921, Dickerson 1941, Van Baren and Keil 1950, 
   Emery 1969, Hehuwat 1972, Aleva et al. 1973, Hanebuth et al. 2000-2010,  
   Rahmad et al. 2016, Hantoro 2018  
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II.5. Natuna, Anambas 
 

This chapter II.5 on the Natuna area contains127 publications, most of which are on oil and gas exploration 
and fields in the Cenozoic West and East Natuna basins. 
 
The Natuna area forms the northern edge of the Sunda shelf. During much of Cretaceous time and was most 
likely an active margin that faced Paleo-Pacific Ocean subduction. The mid-and Late Cretaceous (~?110-70 
Ma) granites along this margin have been viewed as plutons of a magmatic arc that formed the westerly 
continuation of the Cretaceous active continental margin of NW Borneo, and which continues further NW into 
the Yanshanian granite belt of SE China (West-dipping Paleo-Pacific subduction) (Figure II.5.1).  
 

 
 

Figure II.5.1. Cretaceous continental margin magmatic arc, from SE China, SE Vietnam, Natuna into Borneo, 
reflecting westward subduction of Paleo-Pacific Ocean (Zahirovic at al. 2014). In all these areas magmatism 
appears to stop around ~85 Ma. 

 
Natuna island is on the N-S trending Natuna Arch basement high, which is part of the non-extended Sunda 
Shelf, and formed a long-standing high between the Cenozoic  West and East Natuna basins. Its core is 
composed of the intensely folded Jurassic- Cretaceous Bunguran Fm deep marine clastics and volcanics with 
radiolarian cherts and Jurassic- Cretaceous gabbros-serpentinites (Bothe 1928, Haile 1970, Hakim 2004, etc.). 
It looks very similar to the 'Danau Formation' of Central Kalimantan (Bothe 1928), and both probably represent 
similar (or the same) Jurassic-Cretaceous forearc active margin complexes.  
 
The highly deformed Pre-Tertiary rocks of the Natuna- Anambas area were intruded by Late Cretaceous 
granites (with ~73- 86 Ma K-Ar ages; Haile and Bignell 1971), one of which forms the highest mountain on the 
island of Natuna Besar (Mt. Tanai; 1035m). This Mesozoic basement complex is unconformably overlain by 
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thin Oligocene- Miocene fluvial sediments on Natuna Island, but signicant Tertiary basins developed in the 
surrounding offshore areas. 
 
Crustal scale seismic summarized by Granath et al. (2012) is compatible with the interpretation of underlying 
accretionary prism and magmatic arc crust in the Natuna area, with a crustal thickess of 25 km in the East to 
35 km in the West. West-dipping planar fabric under the East Natuna Basin is compatible with a Mesozoic 
forearc above a West- dipping subduction zone. 
 
The geology of the Anambas islands SW of Natuna Besar is very similar to Natuna Besar, with Cretaceous 
Anambas Granite (probably Late Cretaceous) intruded into melange/ oceanic accretionary complex of strongly 
folded Matak Fm (with NW-SE axes; Samodra 1995). 
 
  
  Tertiary petroleum basins- Natuna 
The Natuna islands are bordered on three sides by Oligocene rift basins, the Malay- West Natuna basin in the 
WNW, the South China Sea in the North and the East Natuna basin in the NE  (Figures II.5.2, II.5.3). 
 

 
 

Figure II.5.2. Structural elements and basins around Natuna Island. 
(from Herman Darman, https://upload.wikimedia.org/wikipedia/commons/6/6a/Natuna_geological_map.JPG 
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Figure II.5.3. Chronostratigraphic chart of the West and East Natuna basins and the Luconia region in NW 

Sarawak, showing proven oil and gas occurrences (Darman 2017, modified from Wirojudo and 
Wongsosantiko (1995). 

 
   West Natuna Basin 
The West Natuna Basin is located West of the Natuna Arch and WNW and West of Natuna island. It is an 
intra-continental rift system that is composed of several sub-basins (Anambas, South Kakap, Anoa, Penyu), 
which generally exhibit half-graben geometries (Figure II.5.4). The Late Eocene- Recent basin fill is mainly in 
non-marine and very shallow marine facies.  
 
The West Natuna basin is connected to the large Malay Basin system to the West. It is commonly described 
as an Eocene-Oligocene transtensional basin, that was subjected to multiple Middle Miocene- Recent right-
lateral transpression/ inversion events, peaking in Late Miocene time (Daines 1985, Ginger et al. 1993, 
Fainstein and Meyer 1997, Darman 2017). 
 
Hydrocarbon exploration and production focused on Late Oligocene- Miocene fluvial-deltaic clastic reservoirs, 
mainly in young (Middle-Late Miocene) inversion structures (Figures II.5.4, II.5.5).  
 

 
 
Figure II.5.4. West- East cross-section of West Natuna basin showing common inversion of half-grabens 

around Middle Late Miocene boundary (Light green formation at top is post-inversion Late Miocene- 
Pleistocene Muda Frmation  (Simabrata et al. 2016). 
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Figure II.5.5. Diagrammatic mdel of Middle Eocene- Oligocene half-grabens of the Bawal Graben area, West 
Natuna Basin, inverted in Early-Middle Miocene time. SE1 =M-L Eocene syn-extension, SE2= Late Eocene- 
Early Oligocene extension, SE3 = Late Oligocene syn-extension. SI 1-3 = Early-Middle Miocene syn-
inversion phases; PIn = Post-inversion Muda Formation (Jagger and McClay, 2018). 

 
 
   East Natuna Basin 
The East Natuna basin may be viewed as the west flank of the greater Sarawak Basin (Bunguran Trough; 
Mujito et al. 1995), and shows many similarities with the Nam Con Son basin to the North (offshore Vietnam) 
(Darman 2017). The basin shows a N-S trending series of basement highs and lows that parallel the N-S 
trending Natuna Arch. The main rift event here may well be younger (Early- Middle Miocene .e.g. Raharja et 
al. 2013).and of different orientations than in the West Natuna basins. 
 
The East Natuna basin differs from the West Natuna basin in that (1) it was not affected by young inversion 
tectonics, and (2) it has a more marine Miocene facies development, including widespread development of 
Middle- Late Miocene carbonate platforms on basement highs,capped by Late Miocene- Early Pliocene reefal 
buildups, several of which are gas bearing (e.g. Franchino and Viotti 1986, Bachtel et al. 2004). 
 
The East Natuna field, formerly known as the Natuna D-Apha field, was discovered in 1973 and is a very large 
gas field (>220 TCF). However, is was never developed due to the 71% CO2 content of the gas (67% in upper 
zones to 82% near base; Kraft and Sangree 1982). 
 
Gas fills most of the >1600m thick carbonate platform and reefal buildup of the Middle- Late Miocene Terumbu 
Limestone, with a vertical gas column of >1600m  (Figure II.5.6)  (Sangree 1981, Eyles and May 1984, May 
and Eyles 1985, Rudolph and Lehmann 1988, Dunn et al. 1996, ) 
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Figure II.5.6. The East Natuna gas field in the former Natuna D-Alpha block (Eyles and May 1984) 
 
 
 
Some suggested reading- Natuna area (not a complete listing of all relevant papers) 
 

Natuna area geology:  Krause 1898, Bothe 1928, Haile 1970, 1971, Haile and Bignell 1971, Pupilli 1973, 
   Franchino 1990, Franchino and Liechti 1983, 
   Harahap and Wiryosujono 1994, Hakim and Suryono 1994, 1997,  
   Harahap et al. 1996, Hakim 2004, Indranadi et al. 2010 
 

West Natuna Basin:  Wongkosantiko and Wirojudo 1984, Wirojudo and Wongsosantiko 1985, Daines 1985, 
   Koswara and Suryono 2001,Ginger et al. 1993,  
   Michael and Adrian 1996, Pertamina BPPKA (Natanegara et al.) 1996, 
   Fainstein and Meyer 1997, Phillips et al. 1997, Gunarto et al. 2000, Prasetyo 2002, 
   Maynard et al. 2002, Maynard and Murray 2003, Morley et al. 2003,  
   Hakim et al. 2008, Burton and Wood 2010, Darmadi et al. 2011, Haribowo et al. 2013, 
   Manur and Jacques 2014, Riadini et al. 2017. 
 

East Natuna Basin:  Sangree 1981, Kraft and Sangree 1982, Eyles and May 1984, May and Eyles 1985, 
   Franchino and Viotti 1986, Rudolph and Lehmann 1989, Mujito et al. 1995, 
   Dunn et al. 1996, Bachtel et al. 2004, Raharja et al. 2013, Darman 2017.  
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II. SUMATRA- SUNDALAND 
 

II.1. Sumatra - General, Onshore geology, Volcanism, Minerals 
 

Abdurrachman, M., M.E. Suparka, C.I. Abdullah, S. Piadhy & M. Latuconsina (2008)- Pre-Tertiary basement 
petrography: Suban Barat-1, South Sumatra. In: Sumatra stratigraphy workshop, Duri (Riau) 2005, Indon. 
Assoc. Geol. (IAGI), p. 115-125. 
(Suban 1910 shallow gas discovery, 180km NW of Palembang. W Suban 1 well drilled 479m of hydrothermally 
altered granite- from 2771-3006m, and mainly granodiorite with some spilitic basalt and marble between 3010-
3250m) 
 
Abidin, H.Z. (2008)- Pb-Zn-Ag deposits at Tanjung Balit, Limapuluh Kota Regency, West Sumatera. J. Sumber 
Daya Geologi 18, 4, p. 253-263. 
(online at: http://jgsm.geologi.esdm.go.id/index.php/JGSM/article/view/247/227) 
(Epithermal Pb-Zn-Ag mineralization in district Limapuluh Kota, NNE of Padang, in metasediments of 
Tapanuli Gp/ Kuantan Fm (Permian). Veins up to 5m thick. Main ores sphalerite, chalcopyrite, pyrite, silver.) 
 
Abidin, H.Z. (2010)- Characteristics of the Arai Granite associated with the iron ore and Zn-Cu-Pb deposits in 
Musi Rawas Regency, South Sumatera. J. Sumber Daya Geologi 20, 3, p. 133-146. 
(online at: http://jgsm.geologi.esdm.go.id/index.php/JGSM/article/view/167/162) 
(Cretaceous Arai Granite near Jangkat Village (SW of Jambi, S Sumatra), part of 'Rawas cluster' of 
mineralization. Intruded into Peneta and Rawas Fms. (or Kuantan/ Kluet Fm?). Tectonically part of 
'Cathaysian' W Sumatra Block. I-type granite associated with skarn-like Zn-Cu-Pb limestone replacement. 
Chemistry suggest Volcanic Arc or syn-collisional tectonic environment) 
 
Abidin, H.Z. & B.H. Harahap (2007)- Indikasi mineralisasi epitermal emas bersulfi da rendah, di Wilayah 
Kecamatan Bonjol, Kabupaten Pasaman, Sumatera Barat. J. Geologi Indonesia 2, 1, p. 55-67. 
(online at: www.bgl.esdm.go.id/publication/index.php/dir/article_detail/184) 
(Bonjol gold prospect, Pasaman District, N of Padang, W Sumatra, several ore bodies in E Miocene age (9.3-
11.9 Ma; should be Late Miocene?;JTvG) altered rhyolitic volcanics of Gunung Amas Fm. Gold deposit 
probably of low sulphidation epithermal type) 
 
Abidin, H.Z. & B.H. Harahap (2007)- Prospek emas Bonjol bersulfida rendah di Wilayah Kecamatan Bonjol, 
Kabupaten Pasaman, Sumatera Barat. J. Teknologi Mineral Batubara 15, 42, p. 1-9. 
(Bonjol gold prospect paper, similar to above) 
 
Abidin, H.Z. & T. Suwarti (2005)- Petrology and gochemistry of the Neogene granite in the Kerinci Regency 
Region, Jambi. Majalah Geologi Indonesia 20, 3, p. 155-164. 
(Reprinted in 'Metalogeni Sundaland I (2014), p. 15-24. Mio-Pliocene Sungau Penuh granite pluton in Barisan 
Range, age 3.6- 13.9 Ma. S-type and transitional/ I-type granite, derived from island arc. Mineralization 
potential) 
 
Abidin, H.Z. & Suyono (2004)- Indication of mineral deposit in the Kerinci Regency Region, Jambi. Majalah 
Geologi Indonesia 19, 3, p. 173-185. 
(Reprinted in 'Metalogeni Sundaland I (2014), p. 3-13. Sulfide alteration in Hulu Simpang Fm volcanics ('Old 
Andesite') in Barisan Range W of Sungeipenuh, S Sumatra. Tied to granite with 3.6- 13.9 Ma fission track ages) 
 
Abidin, H.Z. &.H. Utoyo (2014)- Mineralization of the selected base metal deposits in the Barisan Range, 
Sumatera, Indonesia (case study at Lokop, Dairi, Latong, Tanjung Balit and Tuboh). Indonesian Mining J. 17, 3, 
p. 122-133. 
(online at: http://jurnal.tekmira.esdm.go.id/index.php/imj/article/view/316/199) 
(Three types of base metal occurrences along Barisan Range: (1) skarn (e.g. Lokop, Latong, Tuboh) (2) 
sedimentary exhalative (sedex) (Dairi; in Kluet Fm) and (3) hydrothermal (Tanjung Balit; in Silungkang Fm) 
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Acocella, V., O. Bellier, L. Sandri, M. Sebrier & S. Pramumijoyo (2018)- Weak tectono-magmatic relationships 
along an obliquely convergent plate boundary, Sumatra, Indonesia. Frontiers Earth Sci. 6, 3, p. 1-20. 
(online at: https://www.frontiersin.org/articles/10.3389/feart.2018.00003/full) 
(Sumatra volcanic arc 48 active volcanoes; 46% within 10 km from dextral Great Sumatra Fault, which carries 
most horizontal displacement on overriding plate. Half of these show possible structural relation to GSF. Data 
suggest limited tectonic control of GSF on arc volcanism) 
 
Adinegoro, U. & P. Hartoyo (1974)- Paleogeography of North East Sumatra. Proc. 3rd Ann. Conv. Indon. 
Petroleum Assoc. (IPA), Jakarta, p. 45-61. 
(Broad Oligo-Miocene paleogeographic map of N Sumatra onshore, E of Barisan Range, between Tamiang 
River to N and Toba-Asahan River to S. Eo-Oligocene sediments in NE Sumatra basin 5000-7000m thick. With 
discussion of N Sumatra geology and stratigraphy 
 
Adiwidjaja, P. & G.L. de Coster (1973)- Pre-Tertiary paleotopography and related sedimentation in South 
Sumatra. Proc. 2nd Ann. Conv. Indon. Petroleum Assoc. (IPA), Jakarta, p. 89-103. 
 
Advokaat, E., M. Bongers, A. Rudyawan, M. Boudagher-Fadel, C.G. Langereis & D. van Hinsbergen (2018)- 
Early Cretaceous origin of the Woyla Arc (Sumatra, Indonesia) on the Australian plate. Earth Planetary Sci. 
Letters 487, p. 151-164. 
(online at: https://www.sciencedirect.com/science/article/pii/S0012821X18300463) 
((Paper retracted 2018, shortly after publication due to erroneous paleomag data) Intra-oceanic Woyla Arc 
formed above W-dipping subduction zone in E Cretaceous and accreted to W Sundaland in Mid-Cretaceous. 
Oceanic plate that existed between Woyla Arc and Sundaland now lost to subduction. Paleomagnetic results 
indicate Woyla Arc formed at equatorial latitudes, presumably on edge of Australian plate. Accretion of Woyla 
Arc to W Sundaland margin diachronous. Continuing convergence of Australia- Eurasia accommodated by 
subduction polarity reversal behind Woyla Arc, possibly recorded by Cretaceous ophiolites in Indo-Burman 
Ranges and Andaman-Nicobar Islands. Biostrat from limestones in Woyla Gp: N Sumatra Lamno and Raba Lst 
Late Jurassic- E Cretaceous, C Sumatra massive Indarung/Lubuk Peraku Lst Aptian- E Albian) 
 
Advokaat, E., M. Bongers, D. van Hinsbergen, A. Rudyawan & E. Marshal (2017)- Paleomagnetic tests for 
tectonic reconstructions of the Late Jurassic- Early Cretaceous Woyla Group, Sumatra. EGU General Assembly 
2017, Geophysical Research Abstracts 19, EGU2017-4720, 1p.  (Abstract only) 
(Woyla Arc exposed in W Sumatra mainly basaltic- andesitic volcanics, dykes, volcaniclastics and limestones 
with volcanic debris, interpreted as fringing reefs. Interpreted as remnants of E Cretaceous intra-oceanic arc. 
New preliminary paleomagnetic data from U Jurassic- Lower Cretaceous limestones suggest Woyla Arc formed 
near equatorial latitudes, precluding origin from Gondwana, and more likely intra-oceanic arc formed above 
SW dipping subduction zone in E Cretaceous, thrusted over W Sumatra margin in M Cretaceous) 
 
Aernout, W.A.J. (1927)- Enkele nieuwere gegevens over de ertsafzettingen van Salida. De Mijningenieur 8, p. 
73-76. 
('Some newer data on the ore deposits of Salida'. W Sumatra gold-silver mine) 
 
Aernout, W.A.J. (1927)- De ertsmijn Lebong Donok. De Mijningenieur 8, p. 162-177. 
('The ore mine Lebong Donok'. Gold-silver mine in Barisan Mts of SW Sumatra) 
 
Aldiss, D.T. & S.A. Ghazali (1984)- The regional geology and evolution of the Toba volcanotectonic 
depression, Indonesia. Quart. J. Geol. Soc., London, 141, 3, p. 487-500. 
(Sumatra Late Quaternary Toba volcano-tectonic depression largest resurgent cauldron and one of largest 
ignimbrite fields (Toba Tuffs: 3000 km3 of acid tuffs over 20,000 km2). Greater part of Toba Tuffs single 
ignimbrite cooling unit, formed ~100,000 years ago. Toba depression formed after lithification of Toba Tuffs by 
collapse along regional faults. Resurgent uplift raised lake sediments in depression by 500 m. Eruption of Toba 
Tuffs and post-ignimbrite volcanism on line of W marginal fault of depression. This marginal fault once 
extended N offshore into zone of Miocene back-arc rifting) 
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Aldiss, D.T., R. Whandoyo, S.A. Ghazali & Kusyono (1983)- The geology of the Sidikalang and part of the 
Sinabang quadrangles (0618), Sumatra, 1:250,000. Geol. Res. Dev. Centre (GRDC), Bandung, 41p. 
(North Sumatra map sheet with Lake Toba caldera. W of Lake Toba common Permian Tapanuli Gp (Kluet Fm 
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complex, Sumatra, Indonesia. Bull. Volcanology 53, p. 343-356. 
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in quartz veins hosted in Oligo-Miocene volcanics, copper mineralization in hydrothermal veins (Timbulan) and 
limestone skarns and alluvial gold deposits in Bengkalis area) 
 



Bibliography of Indonesia Geology ,Ed. 7.0         www.vangorselslist.com    July. 2018 
 

56

Crow, M.J., C.C. Johnson, W.J. McCourt & Harmanto (1993)- The simplified geology and known metalliferous 
mineral occurrences, Painan Quadrangle, Southern Sumatra. Direct. Mineral Resources, Bandung/ British Geol. 
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Oldest rock is extreme NE corner: M Permian volcanics of Palepat Fm, intruded by laterst Triassic- E Jurassic 
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(Karing Volcanic Complex, host of E Permian Cathaysian ‘Jambi Flora', is eroded remnant of subaerial 
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M Permian oceanic island arc within W Sumatra Block) 
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(Tertiary structural evolution of N Sumatra basin described as consequence of position along trailing edge of 
Sunda Plate. Oblique convergence during Eocene- E Oligocene caused N-propagating dextral overstepping 
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(online at: https://drive.google.com/file/d/0B7j8bPm9Cse0OXNPRVdRWFNfaUU/view) 
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Dating of oldest Toba Tephra to 834 ± 10 ka (also 200m thick Middle Toba Tuff, normally magnetized)) 
 
Djumhana, D. (1995)- Petrogenesa batuan granit daerah Toba dan sekitarnya. Geol. Res. Dev. Centre (GRDC), 
Bandung, Spec. Publ. 16, p. 80-100. 
('Petrogenesis of granites of the Toba area and its surroundings') 
 
Donovan, S.K., I.M. van Waveren & R.W. Portell (2013)- Island slopes and jumbled shell beds. J. Geol. Soc., 
London, 170, 3, p. 527-534. 
(Examples of fossil shell beds of different ages and locations, supposedly representing deeper marine facies 
around islands. Incl. example of basal interval of Permian Mengkarang Fm of Sumatra, which represents deep-



Bibliography of Indonesia Geology ,Ed. 7.0         www.vangorselslist.com    July. 2018 
 

61

water facies at base of volcanic arc section. Nektonic cephalopods overlie possibly turbiditic, redeposited vitric 
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('Geodetic study of a seismic segment of the Great Sumatra fault'. Deformation around central part of Great 
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beneath Toba caldera, northern Sumatra. Geophysical Research Letters 23, p. 443-446. 
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Fontaine, H. (1989)- Lower Permian corals of Sumatra. In: H. Fontaine & S. Gafoer (eds.) The Pre-Tertiary 
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Lonsdaleia by Volz 1904 and Lange 1925)), and is reefal facies) 
 
Fontaine, H. (1990)- Guguk Bulat, a very famous Permian limestone locality of Sumatra, Indonesia. In: H. 
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(online at: http://pubs.usgs.gov/bul/1558a-b/report.pdf) 
(Rutile in thick soil at Tangse porphyry-copper prospect, along Sumatra Fault Zone in Aceh reflects distribution 
of quartz-sericite and biotite-chlorite zones of hydrothermal alteration at depth) 
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(Residentschaft Djambi). Verhandelingen Geologisch-Mijnbouwkundig Genootschap Nederland Kol., Geol. 
Serie 5, 5. p. 223-229. 
('Middle Jurassic bivalves from Sungei Temalang, Jambi, in the ‘Schieferbarisan’. Small bivalve fauna of 
probable M Jurassic age collected by Tobler in isoclinally folded phyllitic rocks in tributary of Limun River in S 
part of Jambi Residency. With Astarte, spp., Opis and Cypricardia. Ammonites-belemnites absent) 
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rivieren (Toba landen, Oost Sumatra). Jaarboek Mijnwezen Nederlandsch-Indie 54 (1925), Verhandelingen 2, p. 
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age 125-120 Ma). Both rock types intruded by Late Cretaceous granites; 116-80 Ma) 
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1013), 1:250,000. Geol. Res. Dev. Centre (GRDC), Bandung, 18p. + map. 
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outcrops of coal-bearing M-L Miocene sediments, intruded by Quaternary volcanic necks (Bukit Serelo, etc.)) 
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('Paleogene coal basins in the area of Pangkalan Kotabaru and surroundings, Sumatra West Riau'. W margin 
of C Sumatra rift basin near Barisan Mts front with outcrops of up to 8m? thick M-L Eocene coals in Pematang 
Fm (age supported by Florschuetzia trilobata, Gemmatricolporites pilatus a.o.)) 
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Gafoer, S. & M.M. Purbo-Hadiwidjoyo (1986)- The geology of Southern Sumatra and its bearing on the 
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Triassic tin-granites on Bangka-Belitung. Flysch-type U Jurassic- Lw Cretaceous. M-Late Cretaceous granites 
and Kikim Tuffs. Widespread Late Oligocene- earliest Miocene ‘Old Andesite’ along Barisan Range) 
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the role of subducted oceanic sediments and crustal contamination. Ph.D. Thesis, University of Tasmania, p. 1-
395. 
(online at: http://eprints.utas.edu.au/19511/1/whole_GasparonMassimo1994_thesis.pdf) 
(Sediments, or fluids derived from sediments subducted along Sunda Trench, affect chemistry of Quaternary arc 
volcanics in some sectors of Sunda arc, whereas isotopic signature of other sectors mainly reflects composition 
of mantle source. Two groups of ganitoids identified in Sumatra: (1) Arc-related granitoids along calcalkaline 
trend of arc rocks, with Sr, Nd, and Pb isotope systematics similar to those of Indian Ocean basalts (including 
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Bukit Batu near Palembang, Hatapang pluton, Lake Toba area and possibly Sijunjung pluton in C Sumatra), all 
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Granitoid Province;(2) granitoids W of Semangko fault and in basement of Quaternary volcanics low initial Sr-
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87/Sr-86 values and I-type characteristics, similar to young arc volcanics and may represent young post-
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Argoland, a third continental block (Gascoyneland) rifted from Australia since Jurassic. From 132 Ma 
(Hauterivian; E Cretaceous) it formed stretched continental crust of Exmouth Plateau, then oceanic crust of 
Gascoyne and Cuvier abyssal plains. At 115 Ma (= late Aptian) Gascoyneland began moving N while Greater 
India continued West. Gascoyneland would have reached W Sumatra at ~60 Ma. Woyla Group, consisting of 
Sikuleh, Natal and Bengkulu terranes, along W coast of Sumatra, identified as oceanic arc, which accreted in 
Jurassic-E Cretaceous after formation of short-lived, narrow marginal sea and may overlie continental crust 
due to presence of Sikuleh granitoid batholith. Gascoyneland now probably buried beneath Woyla Terrane) 
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Mineral 2, 5, p. 2-5. 
('Biotite as age indicator of granite in southern Aceh'. K-Ar age of biotite from west coast of W Sumatra, S Aceh 
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Toba, Sumatera Utara, berdasarkan hasil penarikhan. J. Geologi Sumberdaya Mineral 8, 76, p. 11-17. 
('Periods of Toba Tuff deposition, based on the results of withdrawal' (?). Thick Quaternary Toba Tuff deposits 
consist of andesitic lava in lower part and alternating pyroclastic flows, ignimbrites and welded tuffs in upper 
part). Five phases: (1) Dacite tuff (1.2 Ma), (2) Older Toba Tuff (0.84-0.71 Ma), (3) Middle Toba Tuff (0.50- 
0.39 Ma, (4) Younger Toba Tuff (0.10- 0.05 Ma) and (5) Post- Younger Toba Tuff (0.031-0.017 Ma)) 
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with Lepidocyclina, Miogypsina, etc., overlain by younger Balimbing- Mangani volcanic rocks) 
 
Grutterink, J.A. (1925)- Truscottiet. In: R.D.M. Verbeek Memorial volume, Verhandelingen Geologisch-
Mijnbouwkundig Genootschap Nederland Kol., Geol. Serie 8, p. 197-200. 
(Description and analysis of rare mineral truscottite from Lebong Donok Au-Ag mine, Bengkulu, Sumatra, first 
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active volcanoes in contract area, but extensive Quaternary andesite-rhyolite lavas and dacite-rhyolite ash flow 
tuffs (dated between 1.8- 0.12 Ma). Hydrothermal features clustered in four groups: Namora-I-Langit, 
Silangkitang, Donotasik, and Sibualbuali; each associated with Quaternary volcanic eruptive center) 
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and rhyolitic volcanics along Great Sumatra Fault Zone in W Sumatra) 
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(Petrographic descriptions of igneous rocks from Gumai Mountains, collected by Tobler: Pre-Tertiary granites, 
porphyrites, diabase, tuffs and Young Tertiary liparite, dacite, andesite, basalt) 
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fusulinids (at Batang Siputar with 'antitropical' Monodiexodina wanneri). Triassic clastics with Halobia and 
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strike-slip fault zone. Intimate relationship between tectonic and volcanic history. Major tectonic events M 
Cretaceous, M Miocene and Plio-Pleistocene) 
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chert was seen as outcrops ~0.5 km E of Ngalau Quarry. Some rocks at Ngalau Quarry not chert, but 
weathered stratified rock) 
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Jaxybulatov, K., N.M. Shapiro, I. Koulakov, A. Mordret, M. Landes & C. Sens-Schonfelder (2014)- A large 
magmatic sill complex beneath the Toba caldera. Science 346, 6209, p. 617-619. 
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lake and Merapi volcano. Old rocks in NE corner Permo-Carboniferous metamorphics (equivalent of phyllite 
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limestone-shale in tuffs with Upper Permian fusulinids Doliolina lepida, Pseudofusulina padangensis, 
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(Historically important but small Mangani gold-silver mine was discovered in 1907, exploited between 1912-
1931 and 1940-1941. Located along splay of NW-SE trending Sumatran Fault System. Mineralization young 
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Simpang Kiri River, SE Aceh, in 190m thick, weakly folded limestone-shale succession. Trilobite probably of 
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volatiles continue ascending through crust, cause melting of upper crust rocks, leading to shallow crustal 
reservoir responsible for supereruptions) 
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('Upper Triassic of Sumatra (The Padang Beds of West Sumatra)'. With review of geologic setting of Triassic 
beds E of Lake Singkarak in Padang Highlands by Verbeek (Triassic overlies Permocarboniferous granites, 
clastics and fusulinid limestones, described by Volz 1904, and overlain by Eocene sandstones of Ombilin 
Basin). Stratigraphy- paleontology of >210m thick U Triassic Padang beds from two main localities, Lurah 
Tambang and Bukit Kandung/Katialo. Poorly fossiliferous clastics with four layers of dark, marly fossiliferous, 
bituminous platy limestones, rich in thick-walled bivalves that look related to Carnian North Alpine 'Cardita 
facies': 38 species, incl. Pecten (Aequipecten) verbeeki, Myophoria myophoria, Cardita globiformis, 
Cassianella verbeeki n.sp., Gervilleia bouei, Pinna blanfordi, Halobia sumatrana n.sp., etc.. Most similar to 
fauna from Napeng Beds of Upper Myanmar as described by Healy (1908). (Also similar to Jurong Fauna of 
Singapore; Kobayashi & Tamura 1968) (Some species described earlier by Boettger 1881, but erroneously 
assigned E Eocene age; JTvG) (Absence of Misolia, despite same age as Fogi Beds of Buru?; JTvG)) 
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('Geology of the Sangir- Batang Hari area (Central Sumatra)'. Geology of S part of Padang Highlands, N of 
Korinci volcano. Literature compilation and descriptions of rocks collected by Tobler in 1909. Metamorphic 
rocks of ‘Schieferbarisan’. In Vorbarisan 'old diabase' with Permian fusulinid-crinoid limestones, Late Triassic 
limestones with molluscs Cardita aff. globiformis, Nucula, Gervilleia and Loxonema, granites, , peridotites, 
etc.. With 1:200,000 geologic compilation map) 
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('Report on an evaluation of the gold mines of the Redjang Lebong mining company'. Lebong Donok ore body is 
Au-Ag bearing quartz vein, >20m thick, at contact between dacite body and Miocene shales and sands, dipping 
~75°NE. Lebong Simpang mine 30km SSE of Lebong Donok, with two near-vertical, NNE-SSW trending main 
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('The Rejang Lebong problem'. On structure and mineralization of Rejang Lebong gold deposit, Bengkulu 
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(Basaltic-andesitic volcanics of Late Oligocene- earliest Miocene Hulusimpang Fm distributed in broad zone 
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island in Semangko Bay, SE Sumatra, with moderate enrichments in Au, Ag, Zn, Pb, Cu, As, Sb, Ba, and Mn. 
Normal faults and margins of grabens may have acted as fluid channelling structures)  
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Paleozoic Tapanuli Group with Pangururan Fm slate, marble, and mudstone and glacial Late Carb.- E 
Permian Bohorok Fm conglomeratic sandstone with schist, quartzite, granitic rocks, marble and quartz 
fragments, ~600m thick. Unconformably overlain by Triassic Sibaganding Fm bioclastic limestone (~750m?) 
and Late Triassic Kualu Fm clastics with Halobia and andesitic clasts (~500m). Tertiary consists of Oligo- 
Miocene Parapat Fm clastics, M-L Miocene Haranggaol Fm welded tuff and pyroclastics and Plio-Pleistocene 
Simbolon and Takur-Takur Fm. Pyroclastic and lava rocks (incl. 'Toba Tuffs') are youngest rock units 
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('Geological and tectonic development of the Pre-Tertiary in the Kuantan Duabelas Mountains zone and the 
Gumai-Garba zone, S Sumatra'. Kuantan-Duabelas Mts terrane Carboniferous-Triassic metamorphics intruded 
by Permian and E Jurassic granitoids. Presence of E-M Permian Cathaysian fusulinids and floras. Gumai- 
Garba terrane is Jurassic-Cretaceous melange intruded by late Cretaceous granitoids) 
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Sumatra, 1: 250.000, 2nd Edition. Geol. Res. Dev. Centre (GRDC), Bandung. 
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In: I. Basuki & A.Z. Dahlius (eds.) Sundaland Resources, Proc. Indon. Soc. Econ. Geol. (MGEI) Ann. Conv., 
Palembang, p. 245-269. 
(Beutong porphyry copper deposit ~60 km NE of Meulaboh, Aceh. Two mineralized Cu-Mo-Au porphyry 
centers in E Pliocene (~4.2 – 4.6 Ma) Beutong Intrusive Complex, into Jurassic-Cretaceous Woyla Gp, which 
includes NW-SE-trending dismembered ophiolite slivers. Overprinted by high sulphidation epithermal event) 
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Verhandelingen Geologisch-Mijnbouwkundig Genootschap Nederland Kol., Geol. Serie 7, 3, p. 213-295. 
(‘A Middle Permian fauna from Guguk-Bulat, Padang Highlands, Sumatra’. Famous M Permian reefal 
limestone locality in Padang Highlands near Lake Singkarak, first decribed as Carboniferous by Volz 1904. Re-
sampled by Tobler in 1909. Bivalves, cephalopods and trilobitese absent. Mainly description of 79 species of 
foraminifera (incl. 18 fusulinid species of Fusulinella, Verbeekina, Doliolina, Neoschwagerina), colonial corals 
(incl. massive Waagenophyllidae, Lonsdaleia) and 8 brachiopod species (= part of 'Cathaysian' West Sumatra 
block of Barber et al. (2005); JTvG)) 
 
Laumonier, Y. (1997)- The vegetation and physiography of Sumatra. Geobotany 22, Kluwer, p. 1-227. 
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deglaciation at 788 ± 2.2 ka, in good agreement with 40Ar/39Ar date of 800 ± 20 ka for Toba tephra (layer D) 
at ODP Site 758, but younger than commonly cited Ar/Ar age of 840 ± 30 ka. Eruption expelled at least 800-
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(Quaternary volcanoes in Padang area, W coast Sumatra. Maninjau caldera andesite compositions 55-61% 
SiO2. K-Ar whole-rock age determinations range from 0.27- 0.83 Ma. Rel. high high 87Sr/86Sr ratios may 
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('Some new views on the origin of placer gold deposits in Indragiri and bordering South Pelawan') 
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(Betara gas field complex in granite buried-hill at N margin of S Sumatra basin, with gas column height 280 m 
and area of 80 km2. Basement lithology phyllite, granite and metaquartzite. Reservoir facies in 40-50m thick 
granitic weathered rind (porosity 12-21%), leached fracture zones in granite and in onlapping/ overlying 
Eocene -Oligocene alluvial fans. Three groups of faults: NNW trending reactivated basement faults, NE normal 
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MacKay, A.L. & H.F.W. Taylor (1954)- Truscottite. Mineralogical Magazine 30, p. 450-457. 
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kolenvelden (Res. Palembang). Jaarboek Mijnwezen Nederlandsch-Indie 47 (1918), Verhandelingen 2, p. 67-
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0.7 ka). Ash units D (785.6 ± 0.7 ka) and E (792.4 ± 0.5) (tentatively correlated to 'Old Toba Tuff'). Ages and 
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depth model used here to estimate ages for Matuyama-Brunhes boundary (~784 ka) and Australasian tektites 
layer (peak 8 cm below Ash D; ~786 ± 2 ka)) 
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Sumatra and Barisan (Au-Ag) low sulfidation epithermal province in C and S Sumatra along with Lubuk 
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University London, p. 1-387.  (Unpublished) 
 



Bibliography of Indonesia Geology ,Ed. 7.0         www.vangorselslist.com    July. 2018 
 

87

McCarthy, A.J. & C.F. Elders (1997)- Cenozoic deformation in Sumatra: oblique subduction and the 
development of the Sumatran fault system. In: A.J. Fraser & S.J. Matthews (eds.) Petroleum Geology of SE 
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spreading in Andaman Sea and probable inception of major strike-slip movement along the SFS, possibly 
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McCarthy, A.J., B. Jasin & N.S. Haile (2001)- Middle Jurassic radiolarian chert, Indarung, Padang District, and 
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McCloskey, J., D. Lange, F. Tilmann, S.S. Nalbant, A.F. Bell, D.H. Natawidjaja & A. Rietbrock (2010)- The 
September 2009 Padang earthquake. Nature Geoscience 3, February, p. 70-72. 
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McCourt, W.J. & E.J. Cobbing (1993)- The geochemistry, geochronology and tectonic setting of granitoid rocks 
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Geol. Magazine 120, 6, p. 737-746. 
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(Present-day tectonic processes of Sumatra controlled by three major fault systems: (1) subduction thrust in 
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of subduction-related tectonics can still be observed in Myanmar despite its present orientation. In Sumatra 
significant hydrocarbons are produced only N and E of volcanic line; in Myanmar only to its W) 
 
Milsom, J. & A. Walker (2005)- The gravity field. In: A.J. Barber, M.J. Crow & J.S. Milsom (eds.) Sumatra- 
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NNW-SSE and NNE-SSW trending fault zones related to mineralization.) 
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(Pre-Tertiary volcanism of the volcanic rocks of the Woyla Group in the Beutong and Darul Makmue sub-
regency, Nagan Raya Regency, Nanggroe Aceh Darussalam'. Woyla Gp with intermediate volcanic rocks, 
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Muraoka, H., M. Takahashi, H. Sundhoro, S. Dwipa, Y. Soeda, M. Momita & K. Shimada (2010)- Geothermal 
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Musper, K.A.F.R. (1928)- Geologische waarnemingen in de Padangsche Bovenlanden, I. Over een voorkomen 
van Trias in de omgeving van Sawahloento. De Mijningenieur 9, 7, p. 124-127. 
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Myophoria myophoria, Gervilleia, possible Gonodon sphaerioides; no Halobia), rare corals and ammonoids 
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Loftusia and nerineids, suggesting E-M Cretaceous age. Earlier determination of Triassic age based on 
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Coal organic facies suggest deposition in swamp zone, in area surrounded by active volcanoes) 
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(2007 earthquake doublet along Sumatran Fault Zone near Padang Panjang, C Sumatra. Focal mechanisms 
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of Lake Singkarak, which is pull-apart basin between Sumani and Sianok segments of Sumatran fault system) 
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Nash, J.M.W. (1930)- De Trias ten zuiden van Sawah Loento. De Mijningenieur 11, 8, p. 159-164. 
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partitioned into trench-parallel slip, accommodated largely by Sumatran fault zone and trench-perpendicular 
slip, accommodated by subduction zone. Sumatran fault zone highly segmented. Largest geomorphic offsets 
along fault zone ~20 km, and may represent total offset across fault. Location of Sumatran fault and active 
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(online at: http://iopscience.iop.org/article/10.1088/1755-1315/118/1/012001/pdf) 
(Latest geological and GPS studies suggest slip rates along Sumatran Fault Zone ~15 mm/yr. Total amount of 
extension in the Sunda-strait marine grabens ~18.7 km, almost identical with largest geomorphic offset along 
SFZ. Sumatran fore-arc  moving N along SFZ like rigid block instead of being stretched) 
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(The oblique subduction process and its effects on slip-rate variation of the Sumatra fault and deformation of 
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('Report on the investigation of tin ore deposits in a part of C Sumatra, in the areas of Kota, Kota Kampar, etc.'. 
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sea-floor spreading rate since 10 Ma pushed N Sumatra and Malaya NE for ~500 km along system of presently 



Bibliography of Indonesia Geology ,Ed. 7.0         www.vangorselslist.com    July. 2018 
 

94

inactive faults, causing CW of Sumatra and Malaya. When this rotation ceased underthrusting of N Sumatra 
begin, producing shallow and short Benioff zone and delayed volcanic activity) 
 
Ninkovich, D., N.J. Shackleton, A.A. Abdel-Monem, J.D. Obradovich & G. Izett (1978)- K-Ar age of the 
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('Contributions to the petrography of South Sumatra (Lampong Districts)'. Petrographic descriptions of igneous 
(granite, gabbro, diorite), volcanic (andesite, liparite, dacite) and metamorphic rocks (gneiss, amphibolite, 
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IAFMI-IATMI, Balikpapan, JCB2015-056, 17p.  
(Fieldwork on Aruah Islands in Malacca Straits, 80km N of Bagiansiapiapi, C Sumatra. Steeply dipping meta-
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Pecopteris ('Jambi Flora'; JTvG) of Garing River. Some already described by Lange (1925). Schwagerina 
princeps, Neoschwagerina craticulifera Fusulina japonica not reported from Sumatra before. (Schwagerina 
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(Magnetic images near Great Sumatra earthquake. Along fault rupture magnetic crustal thicknesses increase to 
E and NE. Island arc and subducting slab are magnetic, and subducting slab is diving into mantle at steep 
angle, increasing magnetic thickness. Between Singapore and S coast Borneo, a previously unrecognized first-
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diversity and abundance. Presence of Triassocampe suggests Triassic age (older than supposed Jurassic-
Cretaceous age of Woyla Group) 
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followed by few years surface-temperature decreases of 3-5 °C. Eruption during Stage 5a-4 transition of 
oxygen isotope record may have accelerated shift to glacial conditions that was already underway) 
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magma recharge may have contributed to development of compositional zoning in YTT, but perturbations to 
magma reservoir over >400 ka did not lead to eruption until 74 ka) 
 
Rivai, T.A., K. Yonezu, Syafrizal & K. Watanabe (2017)- Dairi Zn-Pb±Ag deposit, North Sumatra, Indonesia: 
preliminary study on host rock petrology and ore mineralogy. Proc. Int. Forum for Green Asia 2017, Kyushu 
University, P23, p. 61-66. 
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incl. melange, argillites, schist, meta-limestones, etc.) 
 
Rock, N.M.S., H.H. Syah, A.E. Davis, D. Hutchison M.T. Styles & R. Lena (1982)- Permian to Recent 
volcanism in northern Sumatra, Indonesia: a preliminary study of its distribution, chemistry and peculiarities. 
Bull. Volcanologique 45, 2, p. 127-152. 
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the young Tarutung pull-apart basin, coinciding with caldera-like morphological feature interpreted as hidden 
volcanic caldera) 
 
Saefudin, I., S. Permanadewi, T. Hardjono & S.D. Graha (1991)- Penarikhan jekak belah batuan granitik di 
daerah Tangse, Aceh. J. Geologi Sumberdaya Mineral 1, 1, p. 3-6. 
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controlled by N-S and NW-SE trending faults. Barani and Horas ore bodies SE of Purnama ore body. 
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reveal evidence for seven large (minimum volume 0.6-6.3 km3), previously undocumented, explosive eruptions 
in region over last ~110,000 years, presumably from mainland Sumatra. Composition varies with age:rhyolitic 
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('Morphogenesis of the Laka Maninjau caldera, West Sumatra'. Two volcanic centers in Maninjau Lake) 
 
Sasajima, S, Y. Otofuji, K. Hirooka, Suparka, Suwijanto & F. Hehuwat (1978)- Paleomagnetic studies on 
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Geol. Res. Dev. Centre (GRDC), Bandung. 
 
Soeria-Atmadja, R. & D. Noeradi (2005)- Distribution of Early Tertiary volcanic rocks in South Sumatra and 
West Java. The Island Arc 14, 4, p. 679-686. 
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Archaean- Precambrian cratons. Late Paleozoic ‘BIF-like’ meta-sedimentary rocks outcrop at Tanggamus, 
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(online at: http://pustaka.geotek.lipi.go.id/wp-content/uploads/2016/02/Riset-Vol.4-No.1-2-.pdf) 
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continental crust in relatively shallow basin during breakup of Pangea continent. End Triassic characterized by 
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granitic intrusions, folding, metamorphism and erosion. Later sedimentation in shallow environments. Includes 
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actinolite, garnet clinopyroxene-tremolite, quartz-sericite and chlorite-calcite-clinoptilolite), suggesting 
formation temperatures between 120-360°C. Porphyry-skarn deposits two episodes of mineralization: early 
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('Evolution through time of island arc magmatism: petrology and geochemistry of Mesozoic and Cenozoic 
magmas of Sumatra (Indonesia)'. 175 new K-Ar ages. Eight episodes of volcanism-magmatism identified: (1) 
Triassic- E Jurassic (215-180 Ma) and (2) Late Jurassic (~165-150 Ma) intruded into Permo-Carboniferous 
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Sutanto, R. Soeria Atmadja, R.C. Maury & H. Bellon (1998)- Origin of high-K Paleogene volcanics from the 
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(Rel. recent epithermal high-sulphidation gold discovery in NW Sumatra, now Newmont-operated largest gold 
producer in Sumatra) 
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Pratersier Sumatera bagian Selatan, Geol. Res. Dev. Centre, Spec. Publ., p. 15-28. 
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(Analysis of E-M Permian Mengkarang coal from Mengkarang-Merangin, Bangko Area, C Sumatera. 
Mengkarang coal measures up to 1000m thick, with Cathaysian flora, brachiopods and fusulinids, and intruded 
by Triassic- Jurassic granite. Dominant maceral vitrinite, less inertinite. Coals formed in wet zone of mire 
(limnic-telmatic to telmatic wet forest) 
 
Suwarna, N., S. Andi Mangga, N. Surono, T.O. Simundjuntak & H. Panggabean (eds.) (2000)- Evolusi tektonik 
Pra-Tersier Sumatera bagian selatan. Pusat Penelitian dan Pengembangan Geologi, Bandung, p. 
('The Pre-Tertiary tectonic evolution of the southern part of Sumatra') 
 
Suwarna, N., T. Buditrishna, S. Santosa & S. Andi Mangga (1994)- Geologic map of Rengat Quadrangle 
(0915), Sumatra, 1:250,000. Geol. Res. Dev. Centre (GRDC), Bandung. 
(Most of map sheet is S part of C Sumatra basin, with Lirik Trend/ Japura Anticline. In S N part of Tigapuluh 
Mts, dominated by Permo-Carboniferous meta-sediments and meta-tuffs of Tigapuluh Group, intruded by Late 
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(Jurassic-Cretaceous of Asai- Garba Terrane in S Sumatra (= Woyla or W Sumatra Terrane?; JTvG) two facies 
domains: shallow marine Asai (M Jurassic), Mersip (Late J) and Peneta (Late J- early K) Fms and deep marine 
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selected coals in Arahan, Banjarsari, Subanjeriji, and South Banko Regions, South Sumatra. J. Geologi 
Indonesia 5, 4, p. 269-290. 
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(Coal samples from Mio-Pliocene Muaraenim Fm of Lematang Depression, S Palembang sub-basin. Nine 
named coal horizons. Dominant maceral group vitrinite (69- 97.4%), less inertinite (0.4- 22%), exinite (0.4- 
18%). Vitrinite reflectance low- moderate (0.34- 0.59%). Coals deposited in lower delta plain) 
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Basin margin, intruded by Cretaceous Arai- Angai granite. M-L Jurassic Asai Fm marine 'flysch-type' meta-
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('On the geology of Sumatra'. Brief review of papers on pioneering geological investigations of Sumatra by 
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by Miocene U Palembang beds. Similar Cretaceous outcrops with ammonites near Poboengo village. 
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indicating Yakhtashian or Bolorian (= ~Artinskian- Kungurian) age, most probably Yakhtashian due to absence 
of Brevaxina and Misellina.) 
 
Ueno, K., S. Nishikawa, I.M.van Waveren, F. Hasibuan, Suyoko, P.L. de Boer, D.S. Chaney et al. (2006)- Early 
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Restudy of Batu Impi locality shows Minojapanella, Schubertella, Toriyamaia, Praeskinnerella, 
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in highest parts of area) 
 
Van Bemmelen, R.W. (1930)- The origin of Lake Toba. Proc. Fourth Pacific Science Congress, Java 1929, IIA, 
p. 115-124. 
(Lake Toba in N Sumatra largest lake in Indonesia, 87x 31 km. Formed as large collapse crater, in which 
younger acidic volcanoes developed) 
 
Van Bemmelen, R.W. (1931)- Het Boekit Mapas- Pematang Semoet vulkanisme (Zuid-Sumatra). 
Verhandelingen Geologisch-Mijnbouwkundig Genootschap Nederland Kol., Geol. Serie 9, p. 57-76. 
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('Investigation of the occurrence of orthite and zircon in the liparite areas of Sumatra's E coast'. Acid volcanic 
liparite tuffs of Sumatra East coast, probably of Lake Toba origin, always with minerals orthite and zircon) 
 
Van der Marel, H.W. (1947)- Diatomeenaardeafzettingen in de omgeving van het Tobameer. De Ingenieur, 
1947, 48, p. 1-7. 
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(‘Exploration in the Gajo Lands; general results of 1937 Losir expedition’ Mainly botanic expedition to Losir 
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(Age and compositional zonation in allanite crystals from Youngest Toba Tuff retain record of 150,000 years of 
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('Geologic notes on the islands of the Netherland-Indies Archipelago and on the fossiliferous beds of Sumatra in 
particular'. Dutch version of Verbeek (1880). Brief review of literature describing Paleozoic, Eocene and 
Miocene fossil localities. With cross-section and rock descriptions of Padang Highlands, S Sumatra, Nias, SE 
Kalimantan and W Java) 
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(online at: http://archive.org/details/nordsumatraberic01volzuoft) 
('North Sumatra. Report on a research trip in 1904-1906 commisioned by the Royal Prussian Academy of 
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(Lower Permian fossil wood abundant at Telok Gedang, left bank of Merangin River. Tropical species assigned 
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Thesis University of London, p. 1-802.  (Unpublished) 
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Sumatra. Leidsche Geol. Mededelingen 13, 1, p. 202-217. 
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trending anticline with 245 wells, 16 hydrocarbon-productive zones (mainly oil, one gas zone), in sandstones of 
Miocene Air Benakat and Gumai Fms. Waterflood injection since 1992) 
 
Bunn, G., Chanh Cao Minh, J. Roestenburg & M. Wittmann (1989)- Indonesia's Jene Field; a reservoir 
simulation case study. Oilfield Review (Schlumberger) 1, 2, p. 4-14. 
(online at: www.slb.com/~/media/Files/resources/oilfield_review/ors89/jul89/1_jene_field.pdf) 
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inversion event from 5 Ma to present day. Onset of oil expulsion from ~10-15 Ma from Lemat and Talangakar 



Bibliography of Indonesia Geology ,Ed. 7.0         www.vangorselslist.com    July. 2018 
 

149
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continuing to present day, caused by emplacement of oceanic crust in Andaman Sea. Renewed convergence 
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deposits in Bukit Sunur area, ENE of Bengkulu town, W Sumatra. With 1:20,000 geologic map and 2 geologic 
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source-rock is the transgressive marine Bampo mudstone (P21 to N4), which is primarily gas-prone. Migration 
pathway map defined three migration fairways from the North Lho Sukon Deep to its peripheries) 
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Sembada 1 wells proved to be part of single large oil pool with recoverable reserves of ~200 MMBO. Oil below 
structural spill points, demonstrating stratigraphic control on hydrocarbon accumulation) 
 
Hwang, R.J., T. Heidrick, B. Mertani, Qivayanti & M. Li (2000)- Correlation and migration studies of North 
Central Sumatra oils. Organic Geochem. 33, 12, p. 1361-1379. 
(Tertiary lacustrine shale, Brown Shale, long recognized as main source rock for C Sumatra basin oils. 
Biomarker and carbon isotopic data from producing fields indicate oils quite similar geochemically. Five 
genetic groups distinguished based on abundance of algal marker botryococcane, relative to pristane and C29 
n-paraffin, which can be tied to subtle differences in source facies. With map of kitchens and migration routes) 
 
Ibrahim, M.I. & D. Widhiyatna (2017)- Karakteristik rekahan batubara pada eksplorasi Gas Metana Batubara di 
Cekungan Ombilin, Provinsi Sumatera Barat. Bul. Sumber Daya Geologi 12, 1, p. 39-53. 
(online at: http://buletinsdg.geologi.esdm.go.id/index.php/bsdg/issue/archive) 
('Characteristic of coal fractures for Coalbed Methane gas exploration in the Ombilin Basin, W Sumatra'. Cleat 
distribution in five Eocene coal seams in 451m deep CBM well. Deeper coal seam lower permeability) 
 
Indah, M.S., M. Natsir, F. Suwidiyanto, Suwarto, F. Bahesti & D. Kadar (2017)- Paleoenvironment dan evaluasi 
lateral distribusi perangkap stratigrafi reservoir batupasir Baoung dan batupasir Belumai pada korelasi fosil 
absolut integrasi 2D seismik regional, Cekungan Sumatera Utara. Proc. Joint Conv. HAGI-IAGI-IAFMI-IATMI 
(JCM 2017), Malang, 4p. 
('Paleoenvironment and evaluation of lateral distribution of stratigraphic traps of Baong and Belumai 
sandstone reservoirs by fossil correlation integrated with regional 2D seismic, North Sumatra Basin'. Bio- 
sequence stratigraphic correlation study of M Miocene sandstones in N Sumatra basin) 
 
Indarto, S., Sudaryanto & E. Soebowo (1994)- Kualitas batubara ditinjau dari kondisi geologi dan analisis 
proksimat di wilayah Bengkulu, Sumatra. Proc. 23rd Ann. Conv. Indon. Assoc. Geol. (IAGI), 2, p. 1076-1085. 
('Coal quality reviewed from geological conditions and proximity analysis in the Bengkulu region, Sumatra'. 
Rel. common Miocene coal deposits in Bengkulu area, with thickness of 0.25- 8.5m. Sebayar and Napal Putih 
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('The influence of the formation mechanism of a Tertiary Basin and temperature history and the formation of 
hydrocarbons in the South Sumatra Basin'. S Sumatra basin categorized as hot basin, with average of heat flow 
value of 108 mWm-2. Start of rifting phase in Late Oligocene (30-25 Ma) re-activating three patterns of old 
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gas. Apache 1994 South Sinamar-1 was 1140m dry hole. Despite small area (1500 km2), up to 4600m of 
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E- M Miocene. Average porosity 8-15%) 
 
Rozalli, M., A. Putra, A. Bachtiar, P.A. Suandhi, W. Utomo & A. Budiman (2012)- New insights into the 
petroleum geology of the Mountain Front area, Central Sumatra Basin. Proc. 36th Ann. Conv. Indon. Petroleum 
Assoc. (IPA), Jakarta, IPA12-G-178, p. 1-15. 
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carbonates at base of Malaysian Malacca Straits well of M-L Permian age; Fontaine et al. 1992; JTvG) 
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309. 



Bibliography of Indonesia Geology ,Ed. 7.0         www.vangorselslist.com    July. 2018 
 

201

(Slowing of convergence rate in E Tertiary created S Sumatra back-arc basin. Increasing convergence rates 
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heatflow in short period suggested by Apatite Fission Track Annealing and vitrinite reflectance data) 
 
Sagita, R., Q.S. Chandra, M. Chalik, R. Achdiat, R. Waworntu & J. Guttormsen (2008)- Reservoir 
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Pretertiary basement, associated with faults of dominant NE-SW strike) 
 
Sanders, M. (1934)- Die fossilen Fische der Alttertiaren Susswasser Ablagerungen aus Mittel-Sumatra. 
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reconstruction shows four periods: (1) extension (Pematang time, Eocene-Oligocene?), creating N-S trending 
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South Sumatra. Proc. 20th Ann. Conv. Indon. Petroleum Assoc. (IPA), Jakarta, 1, p. 255-277. 



Bibliography of Indonesia Geology ,Ed. 7.0         www.vangorselslist.com    July. 2018 
 

203

(Kuang area ~40 km S of Prabumulih, well known oil and gas producing area. Hydrocarbons structurally 
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p. 1-11. 
(At least four structural events in C Sumatra Basin: Pre-Tertiary basement development, Eocene-Oligocene 
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(Undiscovered total coalbed gas resource of C and S Sumatra basins is most likely 20 TCF of gas (8 in C, 12 in 
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coals than in W Java or C and N Sumatra. Sumatra coals viewed as swamp formations, deposited in areas 
similar to present-day Palembang, Barito and Mahakam swamp region. Some coals and associated tuffs (e.g. 
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(On the enhancement of Muara Enim Fm coal quality by igneous intrusions in Bukit Asam area, S Sumatra) 
 
Subiyantoro, G. (1998)- The application of sequence stratigraphy as a guidance for reactivating observation 
well to be producer well in Minas field, PT Caltex Pacific Indonesia. Proc. 27th Ann. Conv. Indon. Assoc. Geol. 
(IAGI), 2 (Sed. Pal. Strat.), Yogyakarta, p. 91-105. 
(Sequence stratigraphic interpretations and correlatios in reservoir interval of Minas Field, C Sumatra) 



Bibliography of Indonesia Geology ,Ed. 7.0         www.vangorselslist.com    July. 2018 
 

210

 
Subroto, E.A., R. Alexander, U. Pranyoto & R.I. Kagi (1992)- The use of 30-norhopanes series, a. novel 
carbonate biomarker in source rock to crude oil correlation in the North Sumatra Basin, Indonesia. Proc. 21st 
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northwest corner of the Central Sumatra basin. Proc. 31st Ann. Conv. Indon. Assoc. Geol. (IAGI), Surabaya, 2, 
p. 701-710. 
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lithostratigraphic units (old to young: Menggala, Bangko, Bekasap, Duri and Telisa Fms.). Seven basin-wide 
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Bed (alluvial fan- fan delta; up to 1000m thick in Dalam depocenter), Brown Shale (up to 600m thick; 
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(0.72- 16.1%) and kerogen mainly Type II. Good-excellent oil potential. Thermal maturity late immature- early  
mature; some samples mature- post mature (Rv 0.22- 0.63%, mainly 0.41%)) 
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('Note on the occurrence of coal beds in the Kacang-Pai creek, Padang Highlands', W Sumatra) 
 
Van Tets, G.V., P.V. Rich & H.R. Marino (1989)- A reappraisal of Protoplotus beauforti from the Early 
Tertiary of Sumatera on the basis of a new Pelecaniform family. Geol. Res. Dev. Centre (GRDC), Bandung, 
Seri Paleontologi 5, p. 57-75. 
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unconformities of possible eustatic origin. Sedimentation and structural style different across NW trending 
wrench fault on W flank of Arun-Cunda-Peusangan High. To E sedimentation more responsive to eustatic 



Bibliography of Indonesia Geology ,Ed. 7.0         www.vangorselslist.com    July. 2018 
 

223
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(Bathymetric, and seismic survey over frontal active part of accretionary prism along Aceh segment where 26 
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at least 1000 km long. Small but significant co-seismic jumps detected more than 3000km from epicenter) 
 
Vita-Finzi, C. (2008)- Neotectonics and the 2004 and 2005 earthquake sequences at Sumatra. Marine Geology 
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Localities sampled at 0.5-3.5 m above normal high tide with ages from <300 yrs to ~5800 yrs B.P. Average 
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material of terrestrial plants. Potential reservoir rocks in Eocene and Late Oligocene-E Miocene fluvial-
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Aru area, North Sumatra basin, Indonesia. Proc. First Offshore Australia Conf., p. III25- III42. 
(Two asymmetrical grabens in area, Pagarjati Graben in NW, Kedurang Graben in SE, separated by N-S 
trending Masmambang High. Two rift phases: NE-SW Paleogene grabens, overprinted by N-S Oligo-Miocene 
grabens, related to dextral motions along Sumatra Fault System. First transtensional episode in Oligo-Miocene 
(fluvial- shallow marine Seblat Fm sst, conglomerates, tuffaceous shales and limestones). Rejuvenation of 
extensional faults in M-L Miocene (Lemau Fm sst, claystones, coals). Basin subsidence continued during Late 
Miocene-Pliocene (littoral Simpangaur Fm). Shallow marine Plio-Pleistocene Bintunan Fm deposited during 
Barisan orogeny basin uplift and volcanic activity. Exploration potential in Pagarjati and Kedurang Grabens in 
Seblat Fm sands and M Miocene limestones and potential source rocks in organically rich Lemau Fm. If 
Paleogene basin initiation model is accepted, may be potential for lacustrine source rocks) 
 
Yulihanto, B., S. Sofyan, S. Widjaja, A. Nurdjajadi & S. Hastuti (1996)- Bengkulu forearc basin (South 
Sumatra). Post-Convention field trip, October 1996, Indon. Petroleum Assoc. (IPA), 68p. 
 
Yulihanto, B. & I.B. Sosrowijoyo (1996)- Constraints on the new exploration strategies in the future for the 
Bengkulu forearc basin, Indonesia. In: 11th Offshore SE Asia Conf. Exhib. (OSEA96), Singapore 1996, p. 169-
176. 
(W Sumatra Bengkulu forearc basin exploration mainly targeting Miocene carbonate buildups and E Miocene 
basal sandstones. Prior to M Miocene Barisan Range uplift Bengkulu basin was comnnected to S Sumatran 
basin. Future exploration may be concentrated in Paleo-Eocene and Oligo-Miocene grabens) 
 
Yulihanto, B. & B. Wiyanto (1999)- Hydrocarbon potential of the Mentawai forearc basin, West Sumatra. Proc. 
27th Ann. Conv. Indon. Petroleum Assoc. (IPA), Jakarta, 24p.  
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(Series of N-S trending Paleogene grabens, partly inverted in M-L Miocene, with various potential hydrocarbon 
plays) 
 
Zachariasen, J., K. Sieh, F.W. Taylor, R.L. Edwards & W.S. Hantoro (1999)- Submergence and uplift 
associated with the giant 1833 Sumatran subduction earthquake: evidence from coral microatolls. J. 
Geophysical Research 104, B1, p. 895-919. 
(http://onlinelibrary.wiley.com/doi/10.1029/1998JB900050/epdf) 
(Giant Sumatran subduction earthquake of 1833 large emergence event in fossil coral microatolls on reefs of 
outer-arc ridge. Emergence increased trenchward from ~1 to 2 m. Pattern consistent with ~13 m of slip on 
subduction interface. Also rapid submergence in decades prior to earthquake, increasing trenchward) 
 
Zachariasen, J., K. Sieh, F.W. Taylor & W.S. Hantoro (2000)- Modern vertical deformation above the Sumatran 
subduction zone: paleogeodetic insights from coral microatolls. Bull. Seismological Soc. America 90, 4, p. 897-
913. 
(online at: www.tectonics.caltech.edu/sumatra/downloads/papers/P00b.pdf) 
(Stratigraphic analysis of seven coral microatolls (5 outer-arc islands, 2 from mainland coast), indicate 
Mentawai Islands submerging at 4-10 mm/yr over last 4-5 decades, while Sumatra mainland has remained 
relatively stable. Presence of fossil microatolls up to several 1000 years old in intertidal zone indicates little 
permanent vertical deformation over that time) 
 
Zen, M.T. (1993)- Deformation de l'avant-arc en reponse a une subduction a convergence oblique. Exemple de 
Sumatra. Doct. Thesis, Universite Paris VII, Institut de Physique du Globe, ORSTOM Ed. 130, p. 1-252. 
(online at: http://horizon.documentation.ird.fr/exl-doc/pleins_textes/pleins_textes_6/TDM/41116.pdf) 
('Deformation of the fore-arc in response to oblique convergence- example of Sumatra'. Oblique plate 
convergence across trench at Sumatra accommodated through partioning of slip into nearly orthogonal 
subduction along main subduction thrust zone and trench-parallel translation of forearc slivers along strike slip 
faults. Sumatra fault zone does not transmit all arc parallel displacement, so forearc sliver must be deformed. 
Seismic data of forearc shows Mentawai fault zone along ocean-continent boundary, with similar behavior to 
Sumatra FZ since 15 Ma. Bengkulu forearc basin developed on continental substratum) 
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 II.4. Sunda Shelf (incl. 'Tin islands', Singkep, Karimata) 
 

Abidin, H.Z. (2001)- A NW-SE trending zone of primary tin mineralization in North Bangka: geology, 
distribution and origin. Indonesian Mining J. 7, 1, p. 1-12. 
 
Abidin, H.Z. (2001)- Penagan tin deposits, Bangka island. J. Geologi Sumberdaya Mineral 11, 117, p. 17-31. 
(Primary tin deposit NE of Penagan, W side of Bangka Island, in quartz-cassiterite veins in E Triassic Tanjung 
Genting Fm quartz sst-siltstone, intruded by Late Triassic- E Jurassic Klabat Granite. Also with quartz-
wolframite veins) 
 
Abidin, H.Z. (2002)- Stratiform tin deposit at Sambung Giri, Bangka, Indonesia. J. Geologi Sumberdaya 
Mineral 12, 126, p. 2-12. 
(Quartz veins from granitic intrusions with and without cassiterite in E Triassic Tanjung Genting Fm 
micaceous sandstones in NE Bangka) 
 
Abidin, H.Z. (2004)- An NW-SE trending zone of primary tin mineralization in North Bangka, Indonesia: 
geology, distribution and origin. Majalah Geologi Indonesia 19, 3, p. 173-185. 
(Same as Abidin 2001. Reprinted in Metalogeni Sundaland Vol. I (2014), p. 161-174. A 17x2 km NW-SE 
trending belt in NE Bangka with several primary tin deposits: Air Jangkang, Merawang, Sambung Giri and 
Pemali. Mineralization at contact with Late Triassic- E Jurassic Klabat granites and Permo-Triassic Pemali 
Fm meta-sediment, or in sediment bedding planes. Greisen mineralization common within granite. Granite 
emplacement ages peak in 213-217 Ma. Ore minerals mainly cassiterite, also wolframite, monazite, magnetite, 
chalcopyrite, sphalerite galena and REE elements) 
 
Abidin, H.Z., Baharuddin & Surawardi (1999)- Toboali alluvial tin deposit: geology, depositional processes and 
material source. Indonesia Mining J. 5, 3, p. 1-12. 
(Reprinted in Metallogeni Indonesia I, p. 137-150. Indonesian tin belt continuation of Main Range S-type 
granite from Thailand- Malaysia. Toboali area of S Bangka with alluvial tin deposits (onshore and adjacent 
offshore) derived from Toboali biotite granites. Late Miocene- E Pliocene thick lateritic weathering during 
warm climate, followed by erosion during Late Pliocene- M Pleistocene )) 
 
Abidin, H.Z. & B.H. Harahap (2005)- Petrologi granit pluton dari daerah Tenggara Palau Bangka. J. Sumber 
Daya Geologi 15, 1 (148), p. 102-110. 
('Petrology of a granite pluton from the SE area of Bangka Island'. Late Triassic- E Jurassic Klabat granite of 
SE Bangka closely associated with tin formation. Intrudes Permo-Carboniferous Pemali Complex 
metasediments and and Triassic- Jurassic Tanjung Genting Fm clastic sediments. 72-74% SiO2, transitional 
alkaline-calk-alkaline and between syn-collisional, arc volcanic and within-plate granite. Mixed magma 
sources, 4 samples I-type and one S-type granite) 
 
Abidin, H.Z. & S. Permanadewi (2003)- Greisen tin deposit in the Old Merawang mine, Bangka. Majalah 
Geologi Indonesia 18, 3, p. 175-184. 
(Reprinted in Metalogeni Sundaland Vol. I (2014), p. 195-203. Old Merawang mine operated since 1950's. At 
contact coarse biotite granite and Triassic Tanjung Genting Fm clastic sediments. Cassiterite mineralization as  
as greisen, veins and dissemination) 
 
Abidin, H.Z. & E. Rusmana (2004)- Wolframite associated with tin deposit in Bangka: prospect and origin. 
Majalah Geologi Indonesia 19, 1, p. 39-48. 
(Reprinted in Metalogeni Sundaland Vol. I (2014), p. 205-215) 
(Wolframite/ tungsten is most common  mineral associated with tin deposits all over Bangka. Traditionally 
viewed as uneconomic, but may have value. Genetic origin similar to tin. Most common as late hydrothermal 
deposit in cracks and fractures of quartz veins in Triassic Tanjung Genting Fm sandstones) 
 
Adam, J.W.H. (1932)- Kaksa genese. De Mijningenieur 13, 12, p. 217-221. 
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('Genesis of kaksa' = genesis of alluvial placer tin ore deposits on Bangka. Clear link between tin-bearing non-
marine basal alluvial 'kaksa' sediments and erosion of primary ore veins in and around granites) 
 
Adam, J.W.H. (1933)- Kaksa genese (slot). De Mijningenieur 14, 5, p. 81-87. 
('Genesis of kaksa (final)'. Continuation of Adam (1932) paper) 
 
Adam, J.W.H. (1960)- On the geology of the primary tin ore deposits in the sedimentary formation of Billiton, 
Indonesia. Geologie en Mijnbouw 39, 10, p. 405-426. 
(https://drive.google.com/file/d/0B7j8bPm9Cse0X2p0TmhuZEVycnc/view) 
(Billiton Island part of belt of tin mineralization from Burma, Malaya into Java Sea. Primary cassiterite lodes 
studied in Klappa Kampit mine (down to 300m below sea level). Minralization in in folded Permo-
Carboniferous sediments, near Mesozoic granite intrusives. Most important cassiterite deposits are bedding-
plane lodes at contact of shale and sandstone or radiolarite. Magnetite common in many lodes) 
 
Aernout, W.A.J. (1922)- Verslag over eene geologisch-mijnbouwkundige verkenning der Karimata-eilanden. 
Jaarboek Mijnwezen Nederlandsch Oost-Indie 49 (1920), Verhandelingen 1, p. 305-320. 
(Reconnaisance geological-mining investigation of Karimata group of 50 islands off SW Kalimantan. Mainly 
Lower Cretaceous granites and volcanics. Minor contact-metamorphic Triassic-Jurassic sediments (hornfels, 
quartzite). Regarded as western continuation of Schwaner Mountains (also related to Bangka-Billiton tin 
islands?; JTvG). U Cretaceous- Lower Tertiary sediments probably absent. With 1:200,000 scale map) 
 
Akkeringa, J.E. (1872)- Rapport van het Distrikt Blinjoe, eiland Bangka. Jaarboek Mijnwezen Nederlandsch 
Oost-Indie 1 (1872), p. 41-148. 
('Report on the Blinyu District, Bangka island') 
 
Akkeringa, J.E. (1873)- Verslag van een onderzoek naar tinaders op het eiland Billiton. Jaarboek Mijnwezen 
Nederlandsch Oost-Indie 2 (1873), p. 3-72. 
('Report on an investigation of tin ore veins on the island of Belitung') 
 
Akkersdijk, M.E. (1932)- Enkele geologische gegevens betreffende het Pemali-tinertsvoorkomen op het eiland 
Banka. De Mijningenieur 13, p. 6-10. 
('Some geologic data on the Pemali tin ore occurrence on the island of Bangka'. Cassiterite in veins in 
?Triassic phyllitic claystones, 100-200m from large Belinloe- Soengeilat granite massif) 
 
Aleva, G.J.J. (1956)- The grain size distribution of quartz in granitic rocks of Billiton, Indonesia. Geologie en 
Mijnbouw 18, 6, p. 177-187. 
(online at: https://drive.google.com/file/d/0B7j8bPm9Cse0M3VVc2Z5VlpZZVU/view) 
(Chemical nature of weathering of granites in Billiton causes complete alteration of feldspar and Fe-Mg 
minerals, leaving residu of quartz and some accessory minerals. Lognormal size distribution of quartz in 
Billiton granite) 
 
Aleva, G.J.J. (1960)- The plutonic rocks from Billiton. Geologie en Mijnbouw 39, 10, p. 427-436. 
(online at: https://drive.google.com/file/d/0B7j8bPm9Cse0X2p0TmhuZEVycnc/view) 
 
Aleva, G.J.J. (1973)- Aspects of the historical and physical geology of the Sunda Shelf, essential to the 
exploration of submarine tin placers. Geologie en Mijnbouw 52, 2, p. 78-91. 
(online at: https://drive.google.com/file/d/0B7j8bPm9Cse0SGRic1l6TklZUTQ/view) 
(Sunda shelf is drowned continuation of Bangka- Belitung land areas. Thin tin-bearing Quaternary sediment 
cover with three sedimentary cycles, etc.). 
 
Aleva, G.J.J. (1985)- Indonesian fluvial cassiterite placers and their genetic environment. J. Geol. Soc., London 
142, p. 815-836. 
(On tin placer deposits in alluvial valley systems near Belitung and Singkep island. 95% of mineable cassiterite 
directly on weathered bedrock) 
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Aleva, G.J.J., E.H. Bon, J.J. Nossin & W.J. Sluiter (1973)- A contribution to the geology of part of the 
Indonesian tin belt: the area between Singkep and Bangka islands and around the Karimata islands. In: B.K. Tan 
(ed.) Proc. Reg. Conf. the Geology of SE Asia, Kuala Lumpur 1972, Bull. Geol. Soc. Malaysia 6, p. 257-271. 
(online at: https://gsmpubl.files.wordpress.com/2014/09/bgsm1973017.pdf) 
(also in Bull. Nat. Inst. Geology and Mining, Bandung, 4, 1, p. 1-22 (1972)) 
(Acoustic surveys and core holes between Singkep and Bangka and around Karimata islands. Basement 
covered by unconsolidated sub-horizontal sands with peat interbeds, probably Late Tertiary age. Followed by 
sediment-filled gullies, incised into older sediments, also with peat, also Late Tertiary. Near-horizontal 
planation surface at 20-30m below sea level, overlain by young marine sediments)  
 
Aleva, G.J.J., L. J. Fick & G. L. Krol (1973)- Some remarks on the environmental influence on secondary tin 
deposits. In: N.H. Fisher (ed.) Metallic provinces and mineral deposits in the Southwest Pacific, Bureau Mineral 
Res. Geol. Geoph., Bull. 141, p. 163-172. 
(online at: www.ga.gov.au/corporate_data/108/Bull_141.pdf) 
(Five genetically different types of tin placer deposits in SE Asian tin belt. Common factors include deep 
chemical weathering, selective removal of lightweight material, and adequate catchment areas or traps. Mainly 
on Bangka- Billiton cassiterite placers ('left-behind deposits'), also W Thailand, Malaysia, Tudjuh archipelago) 
 
Andi Mangga, S. & B. Djamal (1994)- Geological map of the North Bangka Sheet (1114), Sumatra, 1:250,000. 
Geol. Res. Dev. Centre (GRDC), Bandung. 
(N Bangka Island oldest rocks Permian Pemali Fm metamorphics, unconformably overlain by folded 
Tanjunggenting Fm meta-sandstones and claystone with lenses of limestone. Intruded by Late Triassic Klabat 
granite (217 ± 5 Ma). Unconformably overlain by Plio-Pleistocene and Holocene clastics) 
 
Archbold, N.W. (1983)- A Permian nautiloid from Belitung, Indonesia. Publ. Geol. Res. Dev. Center, Bandung, 
Seri Paleontologi 4, p. 32-36. 
(Fragment of straight nautiloid Neorthoceras at Kelapa Kampit, NE Belitung, suggests E-M Permian age for 
part of NE Belitung Island 'basement' complex. Only other occurrence of Neorthoceras in Indonesia is Bitauni, 
Timor. With summary of other Permian macrofossil occurrences on Belitung) 
 
Aryanto, N.C.D. & U. Kamiludin (2016)- The content of placer heavy mineral and characteristics of REE at 
Toboali coast and its surrounding area, Bangka Belitung Province. Bull. Marine Geol. 31, 1, p. 45-54. 
(online at: http://ejournal.mgi.esdm.go.id/index.php/bomg/article/view/318/273) 
(Bangka Island and surrounding areas major tin producer (cassiterite), but also heavy mineral placers 
(magnetite, ilmenite, zircon, apatite, monazite) and potential REE producer (La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, 
Dy, etc.). Tectonic environment of Toboali granitoid of S Bangka continental magmatic arc) 
 
Aryanto, N.C.D. & U. Kamiludin (2016)- Heavy mineral placers and REE potential at the Bangka coasts and its 
surroundings. In: Proc. 52nd Annual Session Coord. Comm. Geoscience Progr. E and SE Asia (CCOP), 
Bangkok, p. 175-184. 
(online at: www.ccop.or.th/download/as/52as2.pdf) 
(Presence of REE minerals in beach sand and tin mining tailings in S Bangka island. Bangka granites 
subdivided in Klabat batholith in N (10 plutons; S-type,Late Triassic- M Jurassic; comparable to Main granite 
belt of Malay Peninsula) and Bebulu batholith in S (5 plutons; S and IS-types)) 
 
Aryanto, N.C.D., Nasrun, A.H. Sianipar & L. Sarmili (2005)- Granit Kelumpang sebagai granit Tipe-I di pantai 
Balok, Belitung. J. Geologi Kelautan 3, 1, p. 19-27. 
(online at: http://ejournal.mgi.esdm.go.id/index.php/jgk/article/view/121/111) 
('I-type Kelumpan Granite at Balok beach, Belitung'. In Bangka- Beliting region biotite-granites associated 
with cassiterite; no cassiterite mineralisation in hornblende granites. Kelumpang granite of SE Belitung 
hornblende granite, rich in K-feldspar megacrystic minerals, of I-type, and no cassiterite. Age E Jurassic?) 
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Aryanto, N.C.D., N. Sukmana & P. Rahardjo (2001)- Specific heavy minerals study on the South Bangka 
island: a statistical approach. Proc. CCOP 37th Ann. Sess. Bangkok 2000, 2, Techn. Repts., p. 65-70. 
 
Aryanto, N.C.D., J. Widodo & P. Rahardjo (2003)- Keterkaitan unsur tanah jarang terhadap mineral berat 
ilmenit dan rutil perairan Pantai Gundi, Bangka Barat. J. Geol. Kelautan 1, 2, p. 13-18. 
(online at: http://ejournal.mgi.esdm.go.id/index.php/jgk/article/view/95/85) 
(The relationship between Rare Earth Elements and heavy minerals ilmenite and rutile in waters off Gundi 
Beach, West Bangka'. Niobium (Nb) and Tantalum (Ta) occur in association with ilmenite (FeTiO2) and rutile 
(TiO2) in near-coastal sands off SW Bangka) 
 
Baartmans, J.A., H. Boissevain, J. van Galen, P.H. Kuenen, T. Raven, G.L. Smit Sibinga, J. Weeda & J.I.S. 
Zonneveld (1947)- De morfologie van de Java- en Soenda Zee. Tijdschrift Kon. Nederlands Aardrijkskundig 
Genootschap II, 64, p. 442-465 and p. 555-576. 
('The morphology of the Java and Sunda Sea'. Overview of Java Sea morphology and morphological history) 
 
Baharuddin & Sidarto (1995)- Geologic map of the Belitung Sheet (1212, 1213, 1312, 1313), Sumatra. Geol. 
Res. Dev. Centre (GRDC), Bandung. 
(Map of Belitung (= Billiton) Island, SE of Bangka. Similar geology with folded, low-metamorphic Permo-
Carboniferous clastics: (1) Kelapakampit Fm flysch-type deposits with rare Permian fossils, incl. ammonite 
Agathiceras sundaicum, Fusulina and Schwagerina and Gigantopteris, interfingering with: (2) Tajam Fm 
quartz sandstones and (3) Siantu Fm basalts and volcanic breccias. Intruded by Tanjungpandan S-type biotite-
hornblende granite in NW, locally rich in primary cassiterite (Late Triassic; 215 Ma Rb-Sr age; Schwartz and 
Surjono 1990) and I-type Baginda adamellite in S (Jurassic?;160-208 Ma; Priem et al. 1975)) 
 
Batchelor, B.C. (1979)- Geological characteristics of certain coastal and offshore placers as essential guides for 
tin exploration in Sundaland, Southeast Asia. In: C.H. Yeap (ed.) Proc. Int. Symp. Geology of tin deposits, 
Kuala Lumpur 1978, Bull. Geol. Soc. Malaysia 11, p. 283-313. 
(online at: www.gsm.org.my/products/702001-101221-PDF.pdf) 
(Over 95% of tin production in Malaysia and Indonesia from 'alluvial' placers. Discontinuously rising late 
Cenozoic eustatic sea-levels and accompanying climate changes main controls on Sundaland sedimentation. 
Late Cenozoic subdivided into Sundaland regiolith (Late Miocene- E Pliocene), Older sedimentary cover 
(Pliocene- E Pleistocene) and Young Alluvium (Late Pleistocene- Holocene)) 
 
Batchelor, B.C. (1979)- Discontinuously rising late Cainozoic eustatic sea-levels, with special reference to 
Sundaland, Southeast Asia. Geologie en Mijnbouw 58, 1, p. 1-20. 
(online at: https://drive.google.com/file/d/0B7j8bPm9Cse0c2VPc282N1Q3YVE/view) 
(M Miocene- Recent se level cyclicity. Late Cenozoic global eustatic sea-level rise, of greater magnitude and 
opposite trend to previous schemes, indicated by studies in Sundaland area. Abrupt sea-level drop in late M 
Miocene (~N14/N15; ~14-12 Ma?) to ~1000 m below present, correlated with emergent Sundaland continent. 
Increased land area resulted in more seasonal semi-arid climates. Sea levels have since risen discontinuously 
since Late Miocene (~11 Ma) at ~10cm/ 1000 yrs, with maximum transgression in late Quaternary. Pleistocene 
Sundaland coastlines changed little before M. Once since then seas rose above shelf-break causing major coast 
line shifts, dramatically affecting sedimentation and climates) 
 
Batchelor, B.C. (1983)- Sundaland tin placer genesis and Late Cenozoic coastal and offshore stratigraphy in 
Western Malaysia and Indonesia. Ph.D. Thesis, University of Malaya, Kuala Lumpur, 2 vols., 598p. 
(Unpublished) 
 
Batchelor, D.A.F. (2015)- Conceptual exploration for tin, gold and diamond placer deposits in ‘Sundaland’ 
(Indonesia and Malaysia) by understanding the Late Cainozoic stratigraphic context. In: Proc. PACRIM 2015 
Congress, Hongkong, Australasian Inst. of Mining and Metallurgy (AusIMM), Melbourne, Publ. Ser. 2/2015, p. 
499-506. (Extended Abstract) 
(W Indonesia- Peninsular Malaysia long known for Pleistocene placer deposits of tin, diamonds and gold. 
Systematic variation in stratigraphic position of placers: cassiterite mainly in Old Alluvium (Late Pliocene- Lw 
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Pleistocene; equivalent of U Dahor Fm in Kalimantan); gold richer in gravelly younger deposits. Reworked 
diamonds in SE Kalimantan/ Martapura area mainly in Late Pleistocene and younger 'Young Alluvium' that 
fills incised V-shaped valleys. New potential tin areas in W Kalimantan near Ketapang) 
 
Bellwood, P. (1990)- From Late Pleistocene to Early Holocene in Sundaland. In: C. Gamble & O. Soffer (eds.) 
The world at 18 000 BP, 2, Low latitudes, p. 255-263. 
 
Ben-Avraham, Z. (1973)- Structural framework of the Sunda Shelf and vicinity. Ph.D. Thesis Massachusets 
Inst. Technology/ Woods Hole Oceanographic Inst., p. 1-269. 
(On geology of W Indonesia Sunda Shelf, largely based on Woods Hole OI shallow geophysical surveys over 
southern Sunda Shelf (Java Sea) and compilation of onshore data) 
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basinal area. Geophysical studies around Natuna Islands suggest region is underlain by relatively thin 
continental crust (~21 km thick. Natuna Ridge interpreted as Mesozoic subduction zone. During E-M 
Cretaceous Malay Peninsula was part of Eurasia and Borneo was next to mainland China and Hainan) 
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(Straits of Singapore marine connection between Indian Ocean and South China Sea through the Straits may 
not have existed until last interglacial period (oxygen isotope stage 5e) and probably did not act as significant 
barrier to migration from mainland Asia to emergent areas of Sunda Shelf for most of Quaternary) 
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(Similar to Bon (1979) above) 
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9, p. 146-151. 
('Some remarks on the formation of alluvial tin ore on Bintan island'. With geologic map of South Bintan 
1:150,000. Bintan) mainly composed of granites, intruded into unfossiliferous, poorly exposed, steeply dipping 
(N80°W, dip 70° to SW) 'clay-shales' and sandstones. Alluvial tin ore present, but not very rich) 
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(‘The occurrence of tin ore in the Riau Archipelago and the Anambas and Natuna islands’. Survey for tin 
deposits outside tradional tin islands Bangka- Belitung. Widespread indications of cassiterite ore, but no large 
deposits. Includes presence of U Triassic Halobia-bearing shales. With maps of islands of Karimon, Kundur, 
Bintan, Lingga, Batam and Anambas- Natuna. Geology described in more detail in Bothe 1928) 
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addition to Bintan occurrences known since 1924. Some laterites residual on granitic rocks, some in marine 
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post-glacial rise of sea level which drowned Sunda Shelf. Tidal NW current flow prevails throughout year. 
Surface salinities and T generally lower than surrounding seas. Bottom sediments mainly muddy sands, with 
common mud near river mouths and in Andaman Sea. Non-calcareous detrital fraction dominated hy quartz 
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Houston, p. 23-48. 
(3D seismic data set near Gabus Field, W Natuna Basin, image channelized series in upper 500m of Sunda 
Shelf (Pliocene-Recent U Muda Fm). Ten incised valley features mapped. (mainly on methodology; JTvG)) 
 
Kiel, B.A. & L.J. Wood (2012)- Seismic attributes correlated with incised valley thickness in recent stratigraphy 
of the Sunda Shelf, Indonesia. Zeitschrift Geomorphologie 56, 4, p. 507-524. 
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(Survey of tin-bearing sediments in central parts of Straits of Malacca by seismic profiling and vibrocoring. 
Placer deposits found in tidal scour channel of Cape Rachado and Pleistocene river valley. Cassiterite derived 
from local primary mineralization of granite and from long-distance fluvial transport) 
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Tandjung Pinang Sheet (1016-1016), Sumatra, 1: 250,000. Geol. Res. Dev. Centre (GRDC), Bandung. 
(Geologic map of Batam, Bintan etc., islands in Malacca Straits. Oldest rocks highly deformed meta-sediments 
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mainly composed of undulose (metamorphic) quartz. Presence of radiolaria in shales similar to Triassic rocks 
in Malaya, etc. With Djeboes granite, part of large (~100 km) intrusive biotite granite mass. W of granite area 
diabase intrusions in folded Mesozoic clastics (should not be confused with Pahang series of Malay Peninsula)) 
 
Westerveld, J. (1936)- The granites of the Malayan tin belt compared with tin granites from other regions. Proc. 
Kon. Nederl. Akademie Wetenschappen, Amsterdam 39, p. 1199-1209. 
(Brief overview, without figures, of tin granites of Sumatra (Banka, Billiton, etc.), Malay Peninsula, Cornwall, 
Saxony, Bolivia and S Africa) 
 
Westerveld, J. (1937)- The tin ores of Banca, Billiton and Singkep, Malay Archipelago- a discussion. Economic 
Geology 32, p. 1019-1041. 
(Discussion of Wing Easton 1937 paper, arguing that (1) there is one granite instead of two; depth of granitic 
intrusion and mineralization was deep; some contact-metamorphism is present. Tin mineralization not Pliocene 
but post-Triassic and probably pre-Cenomanian, etc.) 
 
Westerveld, J. (1941)- Mineralisatie op de tineilanden. Jaarboek Mijnbouwkundige Studenten Delft 1938-1941, 
p. 187-233. 
('Mineralization on the tin islands'. Review of geology and tin mineralization on Bangka, Billiton and Riau-
Lingga Archipelago, from presentation to Delft students in 1939. Tin granites believed to be of Jurassic age, 
intruded into isoclinally folded but not regionally-metamorphosed Triassic clastic sedimentary series (derived 
from granitic rocks; with rare Daonella on Lingga and radiolarian chert). Tin Island granites rel. rich in Rare 
Earth Elements (Y, La, Ce, Nd). Primary cassiterite mineralization veins in sediments surrounding granite and 
in greisen zones in granite. Most tin mined from residual cassiterite deposits ('kaksa') in Quaternary valley 
bottoms above and around tin granite outcrops, both onshore and near-offshore. With maps of residual 
cassiterite deposits of Bangka and Belitung) 
 
Wichmann, A. (1893)- Obsidianbomben der Zinnseifen der Insel Billiton. Zeitschrift Deutschen Geol. 
Gesellschaft 1893, p. 518-519. 
('Obsidian bombs from the tin-bearing beds of Belitung Island'. Brief comment by Wichmann on glass spheres 
in tin beds of Belitung, but which are not found in Indonesian volcanoes. Described earlier by Van Dijk 1879 
(see also Verbeek 1897, Wing Easton 1921, etc.; these are now known to be part of M Pleistocene Australasian 
tektite strewn field. JTvG)) 
 
Wichmann, A. (1912)- Over rhyolieth van de Pelapis-eilanden. Verslagen Vergadering Wis.-Natuurk. Afd., 
Kon. Akademie Wetenschappen, Amsterdam, 1912, p. 386-391 
(online at: https://archive.org/details/p1verslagvandege21akad) 
('On rhyolite of the Pelapis islands', between SW coast of Kalimantan and Karimata islands. Rhyolitic volcanic 
rock sample collected by Everwijn in 1854 from islands composed of claystones intruded by granitic rocks) 
 
Widana, K.S. (2013)- Petrografi dan geokimia unsur utama granitoid Pulau Bangka kajian awal 
tektonomagmatisme. Eksplorium 34, 2, p. 75-88. 
(online at: http://jurnal.batan.go.id/index.php/eksplorium/article/view/708/623) 
('Petrography and major element geochemistry of Bangka island granitoids: preliminary study of 
tectonomagmatism'. Bangka Island granitoids ages range from Late Permian- Late Triassic. Petrographic 
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analysis show dominant granitoid type as Alkali feldspar- syeno granite. May have formed on continental arc 
where subduction and collision are involved. Some granitoids generally I- type peraluminous (Pemali, Koba, 
Pading, Romodong;'continental arc type). S-type granitoids in S and W Bangka (Toboali, Menumbing) 
characterized by high K2O and abundant biotite+ muscovite + cordierite (continental collision type)) 
 
Widana, K.S. & B. Priadi (2015)- Karakteristik unsur jejak dalam diskriminasi magmatisme granitoid Pulau 
Bangka. Eksplorium 36, 1, p. 1-16. 
(online at: http://jurnal.batan.go.id/index.php/eksplorium/article/view/2766/pdf) 
('Characteristics of trace elements in granitoid magmatism discrimination on Bangka Island'. Klabat granitoids 
on Bangka Island studied for trace elements. Granitoids in E (Belinyu) and C Bangka display crust-mantle 
mixing with calc-alkaline affinity, characteristic of I type(='Eastern Province'?). In S and W Bangka granitoids 
high K calc-alkaline and of S type (= 'Main Range'?)) 
 
Widana, K.S., B. Priadi & Y.T.Handayani (2014)- Profil unsur tanah jaring granitoid Klabat di Pulau Bangka 
dengan analisis aktivasi neutron. Eksplorium 35, 1, p. 1-12. 
('Rare Earth Elements profile of Klabat Granitoid in Bangka Island by neutron activation analysis') 
 
Wilhelm, C.H.J. (1928)- De tinertsafzettingen van het eiland Singkep en de genese der alluviale afzettingen. 
Doct. Thesis, Technical University Delft, Waltman, Delft, p. 1-126. 
(online at: repository.tudelft.nl/assets/uuid...2c32.../73169.pdf) 
('The tin ore deposits of Singkep island (E Sumatra) and the genesis of the alluvial deposits'. Singkep geology 
mainly granite and mica schist. Alluvial tin ores derived from tin-bearing quartz veins in granite. Tin ore 
reserves of Singkep less than on Belitung and Bangka) 
 
Wing Easton, N. (1921)- The billitonites (an attempt to unravel the tectite puzzle). Verhandelingen Kon. 
Akademie Wetenschappen, Amsterdam, sect. 2, 22, 2, p. 1-32. 
(On 'billitonites' (tektites; black glass pebbles from meteorite impacts), found at the base of the tin-bearing 
alluvium of Belitung Island, and first reported by Verbeek (1887) and Krause (1898). Believed to be of 
extraterrestrial origin by earlier authors (Verbeek, Suess), but Wing Easton noted 89% SiO2 is much too high 
for meteorites and suggested terrestrial origin as colloidal formations in soil horizons (similar tektites also 
known from tin-bearing beds of the Malay Peninsula, Bunguran (Natuna), N Borneo, SE Kalimantan, 
Indochina, Philippines, Australia; JTvG)) 
 
Wing Easton, N. (1925)- Billiton- herinneringen. Verhandelingen Geologisch-Mijnbouwkundig Genootschap 
Nederland Kol., Geol. Serie 8 (Verbeek volume), p. 125- 154. 
('Billiton memories'. Geological observations on geology and tin mineralization of Belitung island, made in 
1919/1920) 
 
Wing Easton, N. (1933)- De geologische geschiedenis van Billiton en het ontstaan der kaksa. De Mijningenieur 
14, 10, p. 165-174. 
('The geological history of Belitung and the origin of the 'kaksa'. Partly critique of Adam (1933) papers. Kaksa 
tin ore is residual product of weathering of granite, not alluvial-fluvial transported. Followed by Adam 
rebuttal) 
 
Wing Easton, N. (1937)- The tin ores of Banca, Billiton and Singkep, Malay Archipelago, Part I. Economic 
Geology 32, 1, p. 1-30. 
(First overview in English languge of geology and tin mining on Bangka, Belitung and Singkep- part 1. Most of 
tin produced from secondary placer deposits, but primary mineralization in veins in granite. WE believes there 
are two groups of granites, one older than folded sediments without tin and one younger (Cretaceous) age with 
tin mineralizion. Mineralization age believed to be Pliocene. Conclusions disputed by Westerveld 1937) 
 
Wing Easton, N. (1937)- The tin ores of Banca, Billiton and Singkep, Malay Archipelago, part II. Economic 
Geology 32, 2, p. 154-182. 
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(Overview in English languge of geology and tin mining on Bangka, Belitung and Singkep- part 2. On ore 
deposits, mainly on formation and distribution of valley placer deposits called 'kaksa beds' (see also critical 
discussion by Westerveld 1937)) 
 
Wisoko (1981)- Geologi endapan timah primer di Pemali, Bangka. Proc. 10th Ann. Conv. Indon. Assoc. Geol. 
(IAGI), p. 193-203. 
('Geology of primary tin deposits in Pemali, Bangka') 
 
Wisoko (1983)- Pengaruh kipas aluvial terhadap penyebaran bijih timah sekunder daerah Mentok Selatan 
Bangka. Proc. 12th Ann. Conv. Indon. Assoc. Geol. (IAGI), p. 293-300. 
('Influence of alluvial fan deposition on secondary tin ore deposition in the South Mentok area, Bangka') 
 
Wong, H.K., T. Ludmann, C. Haft & A.M. Paulsen (2003)- Quaternary sedimentation in the Molengraaff Paleo-
delta, Northern Sunda Shelf (Southern South China Sea). In: F.H. Sidi, D. Nummedal et al. (eds.) Tropical 
deltas of Southeast Asia- sedimentology, stratigraphy and petroleum geology, SEPM Spec. Publ. 76, p. 201-
216. 
(Seven seismic units in Pleistocene lowstand delta at Sundaland margin, fed by Molengraaff/ North Sunda river 
during Last Glacial Maximum) 
 
Wu, S.G., H.K. Wong, Y.L. Luo & Z.R. Liang (1999)- Distribution and origin of sediments on the northern 
Sunda Shelf, South China Sea. Chinese J. Oceanology Limnology 17, p. 28-40.  
(77 surface sediment samples and seismic profiles from outer Sunda Shelf analyzed. Seismic shows thick, 
prograding Pleistocene deltaic sequence near shelf-break and thin Holocene sediment layer on outer shelf. Five 
sedimentary areas distiguished: modern Mekong sediments, insular shelf area receiving sediments from Borneo 
rivers, shelf area near Natuna-Anambas islands, area of relict sediments on outer shelf N of Natuna Islands, 
and coral reefs and detritus) 
 
Zulfikar, M. & N.C.D. Aryanto (2016)- The study of seafloor tin placer resources of Quaternary sediment in 
Toboali waters, South Bangka. Bull. Marine Geol. 31, 2, p. 67-76. 
(online at: http://ejournal.mgi.esdm.go.id/index.php/bomg/article/view/285/275) 
(Boomer shallow seismic survey off S coast of Bangka to determine Quaternary sediment thickness (5-20ms)) 
 
Zwartkruis, T.C.J. (1962)- Orbicule-bearing blastopsammitic hornfelses from southern Bangka, Indonesia. 
Ph.D. Thesis University of Amsterdam, p. 1-94.  (Unpublished) 
(Descriptions of contactmetamorphic hornfels, adjacent to tin granites of  probable E-M Jurassic-age. Material 
collected by De Roever in 1947. Orbicular structures probably metamorphosed calcareous concretions in 
clastic precursor rock. Also first description of 'diamictite' from S Bangka (interpreted as mudflow deposit, 
possibly same as E Permian glacial 'pebbly mudstone' known from N Sumatra, W Malaysia, peninsular 
Thailand, etc; U Ko Ko 1986)) 
 
Zwierzycki, J. (1920)- Zijn de Indische petroleumterreinen, in het bijzonder die op Sumatra, peneplains of 
abrasievlakken? De Mijningenieur 1, 2, p. 3-5. 
(online at: https://babel.hathitrust.org/cgi/pt?id=coo.31924081565537;view=1up;seq=25) 
('Are the Indies petroleum-bearing areas, in particular those on Sumatra, peneplains or abrasion plains?' 
Landscape of petroleum terrains in N and S Sumatra and Java routinely viewed as peneplains on gently folded 
Tertiary sediments. Age of folding probably Pleistocene, not leaving much time for peneplanization by complete 
fluvial erosion cycle; wave abrasion on coastal plains probably faster, and more likely mechanism) 
 
Zwierzycki, J. (1933)- Enkele nieuwere geologische waarnemingen op de tineilanden en op Sumatra 
betreffende het tinvraagstuk. De Mijningenieur 14, 10, p. 171-176. 
('Some newer observations on the tin islands and on Sumatra regarding the tin problem'. Mainly response to 
Wing Easton (1933). Oldest rocks on Bangka isoclinally folded crystalline schists and non-metamorphic 
sediments, reminescent of schists of Lampung. (Permian?-)Triassic Pahang Volcanic series of Malay Peninsula 
probably continues into Batam, Bintan and Lingga, then also to diabase on Bangka and N coast of Belitung 
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(also >1000m thick, isoclinally folded Triassic 'flysch-type' sediments). 'Kaksa' and overlying 'koelit' tin placers 
all very young, probably Holocene (with rel. young Elephas sumatranus fossils). In some mines four 'kaksa' tin 
ore horizons (here clearly fluvial?). (Also interesting observation on S Sumatra, p. 173:'Small anticlinal dome 
on Palembang-anticline 18 km W of Palembang exposes gravel bank of Lower Palembang Fm, containing 
chunks of Pahang Volcanic Series with Fusulina and vein quartz with cassiterite crystals; at 191m at Bioekoe 
granite syenite, similar to exposed at Bukit Batu'; JTvG) 
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II.5. Natuna, Anambas 
 

Adrian, H., L. Andria & A. Sudarsana (2005)- Horizontal well placements using V shale and facies geomodel: 
an example from Belanak Field, South Natuna Sea, Indonesia. Proc. 30th Ann. Conv. Indon. Petroleum Assoc. 
(IPA), Jakarta, 1, p. 145-162. 
(Main reservoirs in Belanak Field, S Natuna Sea Block ‘B’ are U Oligocene Gabus Massive Sand and Gabus 
Zone-3. Massive Sand gas with thin oil rim, deposited in a fluvial channel environment. Multi-storied channel 
sands. Porosity ranges similar throughout field, but permeabilities are variable) 
 
Alyadrus, M.A. & R.L. Coates (1990)- Successful marginal feld development, Ikan Pari Field, Natuna Sea. 
Proc. 19th Ann. Conv. Indon. Petroleum Assoc. (IPA), Jakarta, p. 345-351. 
(Ikan Pari Field, discovered in 1983, 50 miles NE of Udang Field. Developed with four seafloor completions) 
 
Ardhie, M.N. (2004)- An inversion structure and its implication for structural trapping mechanisms: study of 
Kakap PSC, West Natuna Basin, Indonesia. Masters Thesis, University of Texas at Arlington, p. 1-113. 
(Unpublished) 
(W Natuna basin formation Eocene-Oligocene transtension, followed by Miocene- Recent transpression and 
inversion. In Kakap PSC two rift trends: NW-SE and NE-SW major half-graben and series of smaller half-
graben, all associated with Sunda folds and flower structures. Main phase of inversion E-M Miocene (thinning 
of M-U Arang Fms), second phase in M-L Miocene (base Muda unconformity). Tectonostratigraphy of Kakap 
PSC four major tectonic events; syn-rift, transitional, inversion and post-inversion) 
 
Arif, F. & C. Kenyon (2017)- Lama play assessment based on reservoir effectiveness using structural evolution 
modeling in Natuna A Block. Proc. Joint Conv. HAGI-IAGI-IAFMI-IATMI (JCM 2017), Malang, 8p. 
(Play assessment of Eo-Oligocene early syn-rift Lama Fm quartz-rich fluvio-lacustrine clastics in Natuna A 
Block. Due to deep burial, reservoir effectiveness critical risk (especially due to quartz cementation. Two main 
erosion events: (1) base Miocene (Base Arang shale; ~25 Ma); (2)M Miocene unconformity (~16- 11 Ma). 
Sweet spots for Lama Play at rift flexural margin) 
 
Bachtel, S.L., R.D. Kissling, D. Martono, S.P. Rahardjanto, P. Dunn & B.A. MacDonald (2004)- Seismic 
stratigraphic evolution of the Miocene-Pliocene Segitiga platform, East Natuna Sea, Indonesia: the origin, 
growth, and demise of an isolated carbonate platform. In: G. Eberli et al. (eds.) Seismic imaging of carbonate 
reservoirs and systems, American Assoc. Petrol. Geol. (AAPG) Mem. 81, p. 309-328. 
(High-resolution 2D seismic survey over Segitiga Platform (1400 km2), E Natuna-Sarawak Sea. Terumbu Fm 
carbonate up to 1800m thick, subdivided into 12 seismic sequences, showing (1) initial isolation; (2) 
progradation /coalescence; (3) backstepping; (4) terminal drowning. Platform originated as 3 smaller 
platforms on highs, separated by deep intraplatform seaways. Three platforms merged into composite platform 
in M-U Miocene. Rapid end Miocene sea level riset caused major backstepping of carbonate margins (and 
drowning of Natuna field carbonate platform to E) resulting in smaller platform in Lower Pliocene. Rapid 
subsidence at end of E Pliocene, caused terminal drowning) 
 
Ben-Brahmin, L. et al. (1999)- Characterization of seismic anomalies using converted waves: a case of history 
from East Natuna Basin. Proc. 27th Ann. Conv. Indon. Petroleum Assoc. (IPA), Jakarta, p. 295-302. 
 
Bennett, M. (1999)- Intra-Muda shallow gas in Cumi-Cumi PSC, Natuna Sea- a driller's nightmare becomes a 
geophysicist's dream. Proc. 27th Ann. Conv. Indon. Petroleum Assoc., p. 303-321. 
(M Miocene age Intra-Muda Fm. sandstones draped over inversion feature. Strong seismic amplitude anomaly 
over crest, with 'flatspots' around flanks of structure and gas-charged in Tenggiri 1 and Mako 1 wells) 
 
Bhikuningputra, D. (1986)- Seismic stratigraphic study to evaluate reservoirs and seals of the Natuna area. In: 
Seismic Stratigraphy I, Proc. Joint ASCOPE/ CCOP Workshop, Jakarta 1986.CCOP Tech. Publ. 17, p. 157-180. 
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Bothe, A.C. (1928)- Geologische verkenningen in den Riouw-Lingga archipel en de eilandengroep der Poelau 
Toedjoeh (Anambas- en Natoena-eilanden). Jaarboek Mijnwezen Nederlandsch Oost-Indie 54 (1925), 
Verhandelingen 2, p. 101-152. 
(Geological reconnaissance surveys of Riau Archipelago (common granites), Anambas Islands (mainly 
granites) and Natuna islands (metamorphic rocks, possibly Jurassic radiolarian chert, serpentinites, granites). 
At S coast of Natuna Besar (Bunguran) NW-SE and E-W trending siliceous shales with cherts with Late 
Jurassic- E Cretaceous radiolaria identical to described by Hinde (1900) from Danau Fm of NW Kalimantan 
(Cenosphaera, Stichocapsa rotunda, Sethocapsa, Dictyomitra). At W coast of Bunguran gabbro and 
serpentinite) 
 
Budiyono (2002)- Forel field reservoir characterization and field assessment, West Natuna Basin Indonesia. 
M.Sc. Thesis University of Texas, Austin, p. 1-178.  (Unpublished) 
 
Burton, D. & L.J. Wood (2010)- Seismic geomorphology and tectonostratigraphic fill of half grabens, West 
Natuna Basin, Indonesia. American Assoc. Petrol. Geol. (AAPG) Bull. 94, 11, p. 1695-1712. 
(Study of Eo-Oligocene synrift architectures of Cenozoic grabens in W Natuna Basin (WNB) from Gabus and 
Belanak 3D seismic surveys. Five facies: fluvial, deltaic, alluvial fan, shallow lacustrine and deep lacustrine. 
Synrift stratigraphy shows strong tectonic control. Hydrocarbon in basin restricted to upper synrift- postrift 
reservoirs in M Miocene inversion anticlines, but synrift may have potential) 
 
Burton, D. & L.J. Wood (2010)- Interpreting the rift stratigraphy and petroleum systems elements of the West 
Natuna Basin using 3D seismic geomorphology. In: L.J. Wood et al. (eds.) Seismic imaging of depositional and 
geomorphic systems, Proc. Gulf Coast Sect. SEPM (GCSSEPM) Annual Bob F. Perkins Research Conf. 30, 
Houston, p. 376-395. 
(Seismic geomorphic facies character and stacking suggest three stages of rift development in W Natuna Basin. 
(1) alluvial fans and red beds filled small, isolated half-grabens; (2) as faults began to merge, subsidence 
increased, and deep lakes were established; (3) lakes slowly filled and upper synrift is dominated by fluvial 
deposits. Best remaining exploration targets deltaic reservoirs in lower middle synrift) 
 
Chalik, M. (2001)- Sealing and non-sealing faults along a major wrench trend in the Kakap area, West Natuna 
Basin. Proc. 28th Ann. Conv. Indon. Petroleum Assoc. (IPA), Jakarta, p. 757-778. 
(Oil traps at KG, KRN and KR oil fields in 3-way dip closures against sealing normal faults, splaying from 
large wrench zone. Faults seal hydrocarbons where fault throw is >300' or where reservoir is in contact with 
shale across fault) 
 
Challis, M., R. Adhyaksawan & V. Ball (2006)- Seismic prediction of thin sand intervals for development 
drilling at North Belut Field, Block B, South Natuna Sea. Proc. Jakarta 2006 Int. Geosc. Conf. Exhib., Indon. 
Petroleum Assoc. (IPA), Jakarta, 06-CH-06, 5p. 
 
Cherdasa, J.R., A. Jollands & S. Carmody (2013)- Structural reconstruction and basin modelling lead to a new 
charge/migration model for the KB Graben, West Natuna Basin, Indonesia. Proc. 37th Ann. Conv. Indon. 
Petroleum Assoc. (IPA), Jakarta, IPA13-G-039, p. 1-14. 
(KB Graben is NE-SW trending rift basin at E flank of Khorat Platform in N West Natuna Basin. Rifting process 
started at ~38 Ma and continued to 25 Ma; syn-inversion period started at ~23 Ma. Lack of oil in younger 
structures may be due to late syn-rift Lama Fm overpresssured shales, which provide regional seal for 
hydrocarbons generated in syn-rift kitchen) 
 
CoreLaboratories (1999)- The petroleum geology and hydrocarbon potential of East Natuna, Indonesia. 
Unpublished multi-client study. 
(Study/ data base, incorporating 23 wells in East Natuna Basin) 
 
Dajczgewand, D. (2005)- Tectonic evolution and structural styles of deformation of southern Kakap Blocks, 
West Natuna Basin, Indonesia. In: Proc. 6th Congr. Exploracion y desarrollo de hidrocarburos, Mar del Plata, 
Argentina, 2005, 12p. 
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(Structural evolution of Kakap oilfield area, W Natuna basin, based on work done for M.Sc Thesis at University 
of London. Extension started in Late Eocene, creating E-W trending half-graben with N-dipping normal faults. 
Second extensional phase began in M Oligocene. Compression started in latest Late Oligocene, initial stage 
being mild, and was stronger in E. Strongest compression/ tectonic inversion in M Miocene. Muda regional 
unconformity developed in late M Miocene and early Late Miocene and was subsequently deformed by 
compression, continuing to recent times) 
 
Daines, S.R. (1985)- Structural history of the West Natuna Basin and the tectonic evolution of the Sunda region. 
Proc. 14th Ann. Conv. Indon. Petroleum Assoc. (IPA), Jakarta, 1, p. 39-61. 
(Structures in W Natuna Basin formed during two deformation periods: (1) extension from ~38-29 Ma, 
resulting in graben development in Boundary area; (2) compression, resulting in 2 stages basin inversion, 29-
20 Ma left-lateral wrench movement and 15- 10 Ma when most NE-SW oil-bearing anticlines formed. Extensive 
Jurassic suture, separating Indochina and Sunda, responsible for propagation of Malay-Natuna-Lupar shear 
zone, and facilitated basin development in area) 
 
Darmadi, Y. (2005)- Three-dimensional fluvial-deltaic sequence stratigraphy Pliocene-Recent Muda Formation, 
Belida field, West Natuna Basin, Indonesia. M.Sc. Thesis, Texas A&M University, p. 1-72. 
(online at: oaktrust.library.tamu.edu/bitstream/.../etd-tamu-2005C-GEOP-Darmadi.pdf) 
(Pliocene-Recent Muda interval in W Natuna Basin contains five 3rd-order sequences, with depositional 
environments confined to shelf and consisting mainly of fluvial elements) 
 
Darmadi, Y., E. Hartadi, B. Pangarso, I. Sihombing & R. Wijayanti (2011)- Reservoir characterization of the 
Gabus-1 reservoir in North Belut Field: an integration of core, well logs and seismic, Natuna Sea Basin, 
Indonesia. Proc. 35th Ann. Conv. Indon. Petroleum Assoc. (IPA), Jakarta, IPA11-G-196, 19p. 
(N Belut 1974 gas discovery with stacked sand reservoirs across 1700’ interval deposited in fluvio-deltaic 
environments in Oligo-Miocene Udang and Gabus Fms. Gabus 1 interval two major sequences with sharp 
erosional base and shale on top. NNE-SSW trending incised valley system) 
 
Darmadi, Y, B.J. Willis & S.L. Dorobek (2007)- Three-dimensional seismic architecture of fluvial sequences on 
the low-gradient Sunda Shelf, Offshore Indonesia. J. Sedimentary Res. 77, p. 225-238. 
(Sequence stratigraphy of Belida Field area, W Natuna Basin. Upper Muda Fm Pliocene-Holocene fluvial 
architecture study from high-resolution seismic. 225m dominantly fluvial section. Five main sequences of 
episodic channel incision and bypass alternating with periods of floodplain aggradation) 
 
Darman, H. (2017)- Seismic expression of key geological features in the East Natuna Basin. Berita 
Sedimentologi 38, p. 50-61. 
(online at: https://drive.google.com/file/d/0B35lLH-Cki2NV01LNEVCcGl2Z2M/view) 
(Examples of regional seismic lines across East Natuna basin rifts and highs with carbonate buildups) 
 
Dash, B.P. (1971)- Preliminary report on seismic refraction survey southeast of Natuna Islands and seismic 
profiling in the vicinity of the Natuna and Tioman Islands on the Sunda Shelf. United Nations ECAFE, 8th 
Session CCOP, p. 168-174. 
 
Dash, B.P., C.M. Shepstone, S. Dayal, S. Guru, B.L.A. Hains, G.A. King & G.A. Ricketts (1972)- Seismic 
investigations on the northern part of the Sunda shelf South and East of Great Natuna Island. United Nations 
ECAFE CCOP Techn. Bull. 6, p. 179-196. 
(Regional shallow seismic survey of 1160km, SE of Great Natuna island, showing basinal and ridge-like 
features. Khorat- Natuna swell may be linked with mainland Asia and NW Kalimantan) 
 
Dickerman, K.M. (1993)- The utilization of 3D seismic for small fields in the South Natuna Sea Block B. Proc. 
22nd Ann. Conv. Indon. Petroleum Assoc. (IPA), Jakarta, 1, p. 659-678. 
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Dunn, P.A., M.G. Kozar & Budiyono (1996)- Application of geoscience technology in a geologic study of the 
Natuna gas field, Natuna Sea, offshore Indonesia. Proc. 25th Ann. Conv. Indon. Petroleum Assoc. (IPA), 
Jakarta, 1, p. 117-130. 
(Natuna D Alpha gas field in the East Natuna Basin in Miocene reefal buildup with >200TCF gas, but gas has 
71% CO2) 
 
Evans, H. (1998)- New life in an old basin, an example from Natuna Sea Block A, West Natuna, Indonesia. In: 
Offshore South East Asia Conf. 1998 (OSEA98), Singapore, SE Asia Petroleum Expl. Soc. (SEAPEX), p. 141-
154. 
(Review of exploration history West Natuna Basin and its extension into E Malay Basin) 
 
Eyles, D.R. & J.A. May (1984)- Porosity mapping using seismic interval velocities, Natuna L structure. Proc. 
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Late Miocene, with oil fields in syn-rift clastics and inversion anticlines. East Natuna basin major features are 
Miocene carbonate buildups) 
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red cherts and with gabbros-serpentinites. Late Cretaceous granite intrusions, the largest Mount Ranai 
(1035m). Overlain by Oligocene Natuna Sandstone) 
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(M Miocene- Recent stratigraphy of clastic and carbonate sediments and typical foraminifera in Agip oil 
exploration wells in Natuna Basin. Thick M Miocene- E Pliocene shelf limestone/ reef complex formerly named 
Terumbu here renamed Ranai Group (>5000' thick?). Ranai Gp subdivided into 3 Formations, Sahi (Tf1-2; M 
Miocene with Lepidocyclina spp., Miogypsina spp.) Panda (Tf3; Late Miocene, with Lepidocyclina rutteni) and 
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Wrench zones also developed by reactivation of NW-SE faults in earlier rift system. Displacement across faults 
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pores partially cemented by low-Mg calcite. Pressure solution and cementation during burial to ~3000m left 
minor porosity. Late burial leaching high-Mg calcite. Ferroan-calcite and dolomite cements line pores and 
fluorite crystals occlude many pores. Whole-rock isotopes suggest high-T carbonate alteration. CO2 derived 
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Singapore 2012, Search and Discovery Art. 90155, 1p.  (Abstract only) 
(online at: www.searchanddiscovery.com/abstracts/html/2012/90155ice/abstracts/gra.htm) 
(Well penetrations of basement in Natuna Basins suggest it is composed of Mesozoic forearc and arc-related 
lithologies. New regional seismic survey compatible with concept that crust is accretionary prism and arc. 
Crustal thickess 25 km in E, to 35 km in W. W-dipping planar fabric under E Natuna Basin compatible with 
forearc above W dipping subduction zone. Arcuate to parabolic reflectors under W Natuna Basin may be 
plutonic bodies of volcanic arc batholiths. Oligo-Miocene extension in E Natuna roots in this fabric. Miocene 
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zones correlate in time with late phase of subsidence in neighboring Malay Basin) 
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Ann. Conv. Indon. Assoc. Geol. (IAGI), Bandung, 1, p. 103-139. 
(11 sequences in Late Eocene- M Miocene between basement and base Muda unconformity (M-L Miocene 
boundary. Geological history Natuna basin 4 phases: syn-rift (seq. 1-2; Late Eocene- E Oligocene), post-rift 
(seq. 3-4; Late Oligocene), syn-inversion (seq. 5-10; E-M Miocene), post-inversion (Late Miocene- Recent) 
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(online at: https://gsmpubl.files.wordpress.com/2014/09/bgsm1970011.pdf) 
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(C14 dates from Tridacna clams in Tambelan islands suggest sea level was higher by at least 0.3m at ~5600 BP 
and 0.4m at ~5270 BP. Wood from peat below tide level in Bunguran (Natuna) islands indicates sea level 0.7m 
lower at ~6260 BP) 
 
Haile, N.S. (1970)- Notes on the geology of Tambelan, Anambas and Bunguran (Natuna) islands, Sunda shelf, 
including radiometric age determinations. United Nations ECAFE, CCOP Techn. Bull. 3, p. 55-90. 
(Tambelan Islands S of Natuna composed of basic-intermediate igneous rocks and tuffs, intruded by Late 
Cretaceous (84 Ma) granite. Anambas Islands, SW of Natuna, composed of granite, andesite, etc. Bunguran-
Natuna Islands composed of probably Mesozoic folded cherts and metasediments, with three granite intrusions, 
one dated as 73 Ma. Unconformably overlain by flat-lying Tertiary Natuna sandstone) 
 
Haile, N.S. (1971)- Confirmation of the Late Cretaceous age for granite from the Bunguran and Anambas 
islands, Sunda shelf, Indonesia. Geol. Soc. Malaysia Newsl. 30, p. 6-8. 
(online at: https://gsmpubl.files.wordpress.com/2014/09/ngsm1971003.pdf) 
(Previously published K/Ar determinations by Bignell indicate Late Cretaceous ages for granites from 
Tambelan (84 Ma) and Bunguran (Natuna) Islands (73 Ma)). Additional analyses by AGIP gave 75.2 Ma age 
for same Ranai Intrusion of Bunguran Island and 86.6 Ma age for Batu Garam, Anambas Islands) 
 
Haile, N.S. & J.D. Bignell (1971)- Late Cretaceous age based on K/Ar dates of granitic rock from the Tambelan 
and Bunguran Islands, Sunda Shelf, Indonesia. Geologie en Mijnbouw 50, 5, p. 687-690. 
(online at: https://drive.google.com/file/d/0B7j8bPm9Cse0ZTQ4cGxXeDFDVlE/view) 
(Late Cretaceous K/Ar ages ages for granites (adamellites) from Tambelan (84 Ma) and Bunguran (Natuna) 
Islands (73 Ma). These ages throw doubt on supposed 'pre-U Triassic' age of acid batholiths in Anambas Zone 
of Sunda Shelf and its extension into W Borneo) 
 
Hakim, A.S. (2004)- The occurrence of the dismembered ophiolite in the Bunguran islands, Riau Province, 
Sumatra. J. Sumber Daya Geologi 14, 3 (147), p. 3-15. 
(Bunguran (Natuna Besar, Laut, etc.) islands tectonostratigraphy similar to NW Kalimantan. Along W side of 
island basement composed of Jurassic peridotites, gabbros and basalts (part of Proto-China Sea crust), 
overlain by siliceous shale chert and amphibolite (Cretaceous Bunguran Fm). Intruded by Cretaceous granites 
in E and S: Ranai hornblende-biotite granite (71.6 Ma) and Semiun muscovite-biote granite (100 Ma)) 
 
Hakim, M.R., M.Y.Y. Naiola, Y.R.A. Simangunsong, K.P. Laya & T.Y.W. Muda (2008)- Hydrocarbon play of 
West Natuna basin and challenge for new exploration related to structural setting and stratigraphic succession. 
Proc. 32nd Ann. Conv. Indon. Petroleum Assoc. (IPA), Jakarta, IPA08-SG-039, 11p. 
(W Natuna Basin started to form in Late Eocene by SW-NE trending half-graben rifting within Sunda Platform. 
M Oligocene- E Miocene tectonic quiescence followed by M Miocene tectonic inversion. Significant inversion 
in N part of basin, none in main area. Eo-Oligocene lacustrine source rocks. Primary reservoir M-L Oligocene 
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Hakim, A.S. & N. Suryono (1994)- Geological map of the Teluk Butun and Ranai Sheet, Sumatera, Quad 1319-
1320, 1:250,000, Geol. Res. Dev. Centre (GRDC), Bandung.  
(Natuna Islands surface geology mainly Cretaceous accretionary complex. Oldest rocks in SW part of 
Bunguran (=Natuna) Besar island Jurassic or E Cretaceoeus peridotites-gabbro-basalt, overlain by 
widespread E-M Cretaceous Bunguran Fm strongly folded siltstone, tuff and chert (melange sediments?), 
intruded by Late Cretaceous (100, 72 Ma) granites. Overlain by rel. thin Tertiary clastics) 
 
Hakim, A.S. & N. Suryono (1997)- Geologi Kepulauan Bunguran, Riau. J. Geologi Sumberdaya Mineral 7, 73, 
p. 17-28. 
('Geology of the Bunguran islands, Riau'. Natuna Besar and adjacent islands composed Pre-Tertiary 'Natuna 
Complex' basement of (1) Jurassic- mafic-ultramafic rocks and amphibolites-schists in SW, (2) Bunguran Fm 
strongly folded siliceous shales and chert in E, separated by NW-SE trending shear zones. Also (3) Cretaceous 
granites at Ranai at E side Natuna Besar (K/Ar age 101 Ma) and on Pulau Semiun NW of Natuna Besar (72 
Ma). Unconformably overlain by rel. thin (<400m) and flat-lying Oligocene- Miocene Pengadah Fm fluvial 
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sediments. Sheared zone believed to be continuation of Crocker- Rajang complex in W tip of Sarawak, 
tectonically close to 'Lupar Zone' of collision between Eurasia and Indian Ocean plate in Jurassic time) 
 
Harahap, B.H. (1994)- Middle to Late Cretaceous age based on K/Ar dating of granitic rocks from the Serasan 
Islands, South Natuna. J. Geologi Sumberdaya Mineral 4, 31, p. 2-4. 
(K/Ar ages of two M-U granitoids from Serasan island S of Natuna Besar island: biotite granodiorite in SW 
part Serasan (112.3 Ma) and biotite granodiorite of Sedua island, NE of Serasan (69.7 Ma). Part of SW-dipping 
Cretaceous subduction zone/ volcanic arc that stretches from W Kalimantan to Natuna Besar (with dates of 71, 
74 Ma; Haile & Bignell 1971))  
 
Harahap, B.H., S.A. Mangga & U. Hartono (1996)- High Nb content basalts from Midai Island South Natuna: 
evidence for intraplate volcanism? J. Geologi Sumberdaya Mineral 6, 54, p. 6-11. 
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Pleistocene basaltic lavas and tuffs. Not subduction-related, but possibly related to rifting of Sundaland 
continental crust in Natuna area. Classified as continental tholeiite, similar to Matulang and Niut volcanics of 
Kalimantan, and possibly continuation of same magmatic belt) 
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scale 1:250,000. Geol. Res. Dev. Centre (GRDC), Bandung. 
 
Harahap, B.H. & S. Wiryosujono (1994)- Geology of the South Natuna sheet. J. Geologi Sumberdaya Mineral 
4, 30, p. 15-23. 
(Oldest rocks on Natuna islands are Jurassic Seraya Complex ophiolites (peridotites, gabbros, basalts; may 
correlate to Serabang Ophiolite of W Kalimantan) and Balau Fm Jurassic- Cretaceous turbiditic sequence in E 
(no fossils, but correlated to Pedawan Fm of W Borneo). Ophiolite and sediments intruded by Late Cretaceous 
Serasan/ Tebeian granites/ granodiorites (K/Ar ages ~70 and 112 Ma) and volcanics, representing Cretaceous 
SW-dipping subduction zone, parallel to 'Lupar Line' of N Borneo. Teraya Fm ?Oligo-Miocene and younger 
fluvial- shallow marine sediments unconformable over Mesozoic. Midai island S of Natuna with Plio- 
Pleistocene olivine basalts similar to Mt Niut in N Sanggau, W Kalimantan. Pre-Tertiary rocks dip 17-77°, 
Tertiary rocks 5-12°) 
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potential syn rift and basement-drape plays. Proc. 37th Ann. Conv. Indon. Petroleum Assoc. (IPA), Jakarta, 
IPA13-G-041, p. 1-16. 
(Penyu Basin, N Natura area, composed of several NE-SW trending Tertiary half grabens. Rifting from M 
Eocene- E Oligocene controlled deposition of syn-rift Benua/Lama and Belut Fms source rocks. M-L Miocene 
inversion created ENE-WSW trending anticlines, which proved to be successful hydrocarbon traps in Malay 
and W Natuna Basins, but 80% failure rate in Penyu Basin) 
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14th Ann. Conv. Indon. Petroleum Assoc. (IPA), Jakarta, p. 543-563. 
 
Ilona, S. (2006)- 3D structural architecture of the KRA Field, West Natuna Basin, Indonesia. Proc. Jakarta 2006 
Int. Geosc. Conf. Exhib., Indon. Petroleum Assoc. (IPA), Jakarta 06-PG-14 3D, 5p. (Extended Abstract) 
(KRA Field large structure in W Natuna Basin, formed by NNW-SSE trending Eocene-E Oligocene extension, 
followed by E-M Miocene compression) 
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Conf. Exhibition, Perth 2006, 6p.    (Extended abstract) 
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Indon. Petroleum Assoc. (IPA), Jakarta, IPA18-319-G, 9p. 
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('Basement' outcrops on Natuna Islands Jurassic- E Cretaceous  ophiolite (peridotite-gabbro- basalt) and (NE-
dipping?) ?Cretaceous melange/ subduction complex of Bunguran Fm in SW, with intensely folded deep marine 
pelagic siltstones, radiolarian cherts and tuffs, and sandstones in scaly clay matrix. In NE and E intruded by 
Late Cretaceous granodiorites (~71-73 Ma) in Ranai area. Pre-Tertiary overlain by Tertiary fluvial-shallow 
marine basal conglomerates, stacked sandstones and interbedded siltstone-claystone. Sandstones mostly sub-
litharenites, dominated by quartz, chert and metamorphic fragments, of good potential reservoir quality) 
 
Jagger, L.J. & K.R. McClay (2018)- Analogue modelling of inverted domino-style basement fault systems. 
Basin Research 30, Suppl. 1, p. 363-381. 
(Includes previously unpublished figure showing West Natuna M-L Eocene - Oligocene half-grabens, inverted 
in ?Middle Miocene time) 
 
Jones, P.A., S.R. Freeman, R. Morgan, N.A. McCabe, V.S. O'Connor & R.J. Knipe (2009)- Seismic 
interpretation of the frontier NW Natuna Basin for hydrocarbon play evaluation. In: 71st EAGE Conf. Exhib., 
Amsterdam 2009, 5p. (Extended Abstract) 
(NW Natuna basin is frontier hydrocarbon exploration area N of main W Natuna Basin. Main graben system 
initiated at Belut times (~45-35Ma), with deposition of source rocks restricted to deepest parts of graben system 
Gabus times (~35-26Ma) main period of likely reservoir deposition, also confined to deeper parts of graben, 
with local extensional and strike-slip fault activity. Barat times (~25Ma) major inversion occurs. Lower Arang 
times (~23Ma) continued minor inversion, sedimentation widespread, locally restricted around inversion 
topography. Upper Arang time widespread passive deposition likely with seal lithologies), then switching to 
widespread transtension. Muda time (<5Ma) quiescent) 
 
Jonklaas, P. (1991)- Integration of depth conversion, seismic inversion and modelling over the Belida Field, 
South Natuna Sea Block ‘B’, Indonesia. Proc. 20th Ann. Conv. Indon. Petroleum Assoc. (IPA), Jakarta, 1, p. 
557-585. 
(Belida 1989 oil-gas field in S Natuna Sea with 190 MB oil and 75 GCF of recoverable gas. Structure broad 
low relief anticline, ~10x5 km with 160’ of vertical closure) 
 
Koswara, A. & N. Suryono (2001)- Struktur geologi kepulauan Natuna, Riau Kepulauan, Sumatra. J. Geologi 
Sumberdaya Mineral 11, 115, p. 17-26. 
('Structural geology of the Natuna islands, Riau Islands, Sumatra'. Natuna Islands Pre-Tertiary basement rocks 
(mafic, ultramafic, chert, granite), overlain by Plateau Sst Fm. Fault orientations N-S (Cretaceous?) and NW-
SE (U Cret- M Miocene), parallel to Malay-Natuna shear zone) 
 
Kraft, M.T. & J.B. Sangree (1982)- Seismic stratigraphy in carbonate rocks: depositional history of the Natuna 
D-Alpha block (L-structure): stage II. Proc. 11th Ann. Conv. Indon. Petroleum Assoc. (IPA), Jakarta, 1, p. 299-
321. 
(Natuna D-Alpha Block with thick Terumbu Fm carbonate buildup of L structure, deposited mainly in Late 
Miocene time (>5000' of carbonates deposited in ~2 Myrs?). Lower Terumbu Units I-III broad carbonate 
platform, Upper Terumbu reefal buildup. Carbonate complex with 5250' thick gas column, with C02 content 
from 67% in upper zones to 82% near base. Reef facies higher porosity than off-reef facies) 
 
Krause, P.G. (1898)- Verzeichniss einer Sammlung von Mineralien und Gesteinen aus Bunguran (Gross 
Natuna) und Sededap im Natuna-Archipel. Sammlungen Geol. Reichs-Museums Leiden Ser. 1, 5, p. 221-236. 
(online at: www.repository.naturalis.nl/document/552437) 
(also in Jaarboek Mijnwezen Nederlandsch Oost-Indie 1898, Wetenschappelijk Gedeelte, p. 1-16) 
('Description of a collection of minerals and rocks from Bunguran (Natuna Besar) and Sededap in the Natuna 
Archipelago'. Brief descriptions of granite, quartzite, serpentine, etc. No locality information) 
 
Kurniawan, B.A., A.E. Harahap & I.Y. Syukri (2017)- Fundamental work flow for improving static model 
using seismic data case study: Upper Gabus zones in Kerisi Field. Proc. 41st Ann. Conv. Indon. Petroleum 
Assoc. (IPA), Jakarta, IPA17-682-G, 24p. 
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(Seismic- geologic study of Late Oligocene Upper and Lower Gabus Fm channelized sandstone reservoirs in 
1990 Kerisi oil field in Block B) 
 
Livsey, A., S. Carmody & M. Raharja (2014)- The use of fluid inclusion information to understand hydrocarbon 
charge history in the Sokang Trough, East Natuna Basin. Proc. 38th Ann. Conv. Indon. Petroleum Assoc. (IPA), 
Jakarta, IPA14-G-362, 18p. 
(Sokang sub-basin underexplored Neogene depocentre in E Natuna Basin. Sokang-1 well drilled on inversion 
structure in 1973 tested CO2-rich gas from Late Miocene sandstones. Fluid inclusion study showed multiple 
populations of liquid petroleum in Late Miocene and deeper sandstones of Sokang 1, proving presence of liquid 
petroleum system and indicating complex hydrocarbon charge history. Contributions from at least three 
different source rocks suggested by biomarkers and range of API gravities. Inclusions provide evidence of 
earlier oil accumulation, displaced by late migration of CO2- rich gas) 
 
Manur, H. & J.M. Jacques (2014)- Deformational characteristics of the West Natuna Basin with regards to its 
remaining exploration potential. Proc. 38th Ann. Conv. Indon. Petroleum Assoc. (IPA), Jakarta, IPA14-G-193, 
13p. 
(Structural history of W Natuna Basin, in particular temporal variation and magnitude of inversions and effect 
on spatial distribution of known hydrocarbons. Structural trap styles: (1) Paleogene basement high (KRA field 
type), (2) Neogene, minor wrench-related (KG, KH), and (3) major inversion structures (KF-Anoa). Initiation 
of inversion diachronous (~27 Ma-18 Ma), with peak inversion from ~21-15 Ma. This resulted in inversion of 
many of Eocene- E Oligocene E-W trending half grabens and formation of 'Sunda' propagation folds) 
 
Mattes, E.M. (1979)- Udang Field: a new Indonesian development. Proc. 8th Ann. Conv. Indon. Petroleum 
Assoc. (IPA), Jakarta, p. 177-184. 
(Conoco Udang field in Natuna Sea discovered in 1974. Reservoir is GabusFm alluvial fan sands. Production 
start January 1979) 
 
Mattes, E.M. (1981)- Indonesia's Udang field developed. Oil and Gas J. 79, 18, p. 127-132. 
 
May, J.A. & D.R. Eyles (1985)- Well log and seismic character of Tertiary Terumbu carbonate, South China 
Sea, Indonesia. American Assoc. Petrol. Geol. (AAPG) Bull. 69, 9, p. 1339-1358. 
(Large Miocene gas-bearing carbonate complex, called L-structure, in Natuna D-Alpha block, 200 km NE of 
Natuna Island. Isolated buildup in front of much larger carbonate shelf) 
 
Maynard, K. & I. Murray (2003)- One million years from the Upper Arang Formation, West Natuna Basin, 
Implications for reservoir distribution and facies variation in fluvial deltaic deposits. Proc. 29th Ann. Conv. 
Indon. Petroleum Assoc. (IPA), Jakarta, 1, p. 270-276. 
(M Miocene Upper Arang Fm important reservoir in fluvial deltaic deposits, with gas sourced from interbedded 
coals. Periodic marine flooding events provide intra-formational seals. Series of horizon slices over 1 million 
year time interval, at ~4800’ illustrate major changes in reservoir distribution and facies. Lateral and vertical 
complexity of these reservoir not resolved by limited well penetrations) 
 
Maynard, K., W. Prabowo, J. Gunawan, C. Ways & R. Brotherton (2003)- Maximising the value of a mature 
asset, the Belida Field, West Natuna- can a detailed subsurface re-evaluation really add value late in field life? 
Proc. 29th Ann. Conv. Indon. Petroleum Assoc. (IPA), Jakarta, 2, p. 291-305. 
(Belida Field 1989 discovery, EUR ~350 MMBO developed in 1992, with peak oil production of 135,000 bopd 
in 1994 from two fluvial deltaic sandstone reservoirs, E Miocene Lower Arang Fm and Oligocene Udang Fm) 
 
Maynard, K., P. Siregar & L. Andria (2002)- Seismic stratigraphic interpretation of a major 3D, the Gabus Sub-
basin, Blocks B and Tobong, West Natuna Sea, Indonesia: getting the geology back into seismic. Proc. 28th 
Ann. Conv. Indon. Petroleum Assoc. (IPA), Jakarta, 1, p. 87-104. 
(Conoco 2000 large regional 3D survey in Gabus Sub-Basin, W Natuna. Interpretation focused on stratigraphy. 
Source rock distribution re-interpreted based on seismic facies) 
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Meirita, M.F. (2003)- Structural and depositional evolution, KH Field, West Natuna Basin, Offshore Indonesia. 
M.Sc. Thesis Texas A&M University, College Station, p. 1-56.  
(online at: http://txspace.tamu.edu/..) 
(3D seismic study of KH field. Structure formed by N-S trending Eo-Oligocene rifting, reactivated by E-M 
Miocene inversion) 
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Proc. 25th Ann. Conv. Indon. Petroleum Assoc. (IPA), Jakarta, 1, p. 465-479. 
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expulsion below 7500’ (0.7% Ro) suggesting charging from 8 Ma- present. Late formed traps (<20 Ma) likely 
charged from gas prone synrift facies or syn-inversion coals and coaly shales) 
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(Paleogene) lacustrine source facies. In deep grabens hydrocarbon expulsion started at 37, 31 Ma) 
 
Pangarso, B., J. Guttormsen, P. Schmitz, I. Sihombing & H. Eko (2010)- North Belut Field- complex clastic 
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Panjaitan, J.P., B. Siswanto, R.P. Putra, H. Putranto & R. Achdiat (2015)- Comparing overpressure in the West 
and East Natuna Basins. Proc. 39th Ann. Conv. Indon. Petroleum Assoc. (IPA), Jakarta, IPA15-G-235, 17p. 



Bibliography of Indonesia Geology ,Ed. 7.0         www.vangorselslist.com    July. 2018 
 

305

(Little indication of overpressure in W Natuna Basin while in E Natuna Basin significant overpressure common. 
Overpressure in E Natuna due to both disequilibrium compaction caused by rapid sedimentation and unloading 
tied to thermal cracking of hydrocarbons as evidenced by high CO2 and high geothermal gradients) 
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grabens: (1) early syn-rift open lacustrine, with algal organic matter, and (2) late syn-rift shallow lacustrine/ 
shoreline, with mixed algal- terrestrial organic matter. Source rocks of syn-inversion coals and coaly shales) 
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Duyung, Cekungan Natuna Barat. Bulletin of Geology (ITB) 1, 2, p. 94-106. 
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