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ABSTRACT 

 
THESIS:        Geological Evaluation of a Part of the Jambi Trough, Sumatra, Indonesia                  

STUDENT:    Sherifat O. Onasanya 

DEGREE:      Master of Science 

COLLEGE:   Sciences and Humanities 

DATE:            *December, 2013  

PAGES:          83   

The research involves mapping of subsurface at a scale of 1:25,000 the top of three geological 

formations in the Southern Part of Sumatra – the Airbenakat Formation, the top of the 

Talangakar Formation, and the top of structural basement in the Jambi Trough.  Isopach maps of 

the formations will be constructed. These maps will form the basis of a basin analysis and 

hydrocarbon source rock assessment of the Jambi Trough using Basin Mod basin modeling 

software (Rockworks Software). 

The studies utilize the L. Bogue Hunt Southeast Asia database housed in the Department of 

Geological Sciences at Ball State University. Seismic record sections, geophysical logs, cutting 

descriptions, and paleontological reports will provide basic geological data to enable mapping of 

the three horizons.   

Although hydrocarbon accumulations are abundant in Central and Southern Sumatra, the nature 

of the source rocks is only partially understood. The proposed research will map the Airbenakat 

and Talangakar Formations while identifying the areas of thermally mature source rock is the 

main goal of the research. This study will identify characteristics which will enable the 

identification of thermally mature rocks in other regions of Sumatra. 

The area of the project is located at the Southeastern part of Asia in Indonesia and mainly the 

Jambi trough located in Southern Sumatra. Generally, the geology and tectonics of this area 

(Sumatra) is controlled by the subduction of the Indian plate towards the east and beneath the 

Eurasia plate.  
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Chapter 1 

INTRODUCTION 

1.1 CONCEPTUAL BACKGROUND 

This project mapped the subsurface of the top of two geological formations and the 

basement rock in the onshore area of the South Sumatra basin – the Airbenakat Formation, the 

top of the Talangakar Formation and the basement rock; generally all the formation tops and the 

structural basement in the Jambi Trough were mapped at a scale of 1:25,000. These formations 

were mapped to see if there was a correlation between the depth of basement and the distribution 

of oil production in South Sumatra, of particular interest to this project is the Jambi Trough 

located at the northern part of the South Sumatra basin of the back arc region. The project looked 

at four hundred and ten wells (examples of wells are Sekamis 1, Tambesi bay 1, Meruap 4, 

Meruap 1, Meruap 3, Terap 1, Menggala Selatan 1, Ratu 1, etc.) at different fields (fields like 

Wildcat, Kuang, Limau, Lubak Rukum, etc.) in the Southern Sumatra basin (the South Sumatra 

basin is divided into two sub-basins, the Jambi sub-basin and the Palembang sub-basin). Figure 1 

shows the locations of oil fields in the Southern Sumatra basin province.  

The backarc regions of Sumatra and other Southeast Asia have been proven to be rich in oil and 

gas and this makes it an important area for oil and gas exploration. Generally, the same 

geological process that has affected this area (Sumatra) is also noticed in some other basins of 

the Southeast Asia. 

1.2 OBJECTIVES OF THE STUDY 

With the development of sedimentary basins at the backarc region of Sumatra, and the filling of 

these basins during the Tertiary by sediments rich in organic components, the area has been 
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found to be very rich in oil and gas.  Most of the oil and gas in Sumatra are located at the backarc 

region, which are prospect areas being explored by many oil companies.  

This project is important because it will provide an insight in studying how hydrocarbons have 

accumulated at this region and because the Jambi Trough is a recent spot for oil and gas 

exploration in Sumatra. Isopach maps, base map, stratigraphy map and structural map of these 

wells will be constructed to help in identifying the relationships and link between all the 

formations in the South Sumatra basin.   

The main goal of this project is to investigate the relationship between the depth of basement and 

distribution of oil production, and if there are no relationship suggestions and controls on oil 

production and distribution will be evaluated.  

1.3 METHOD OF STUDY 

The methods involved analyzing well log data by identifying all formation tops and bases 

that is subtracting individual formation depth from total driller elevation of all formations on 

each of the well logs, and then using the Rockworks Software to construct maps e.g. stratigraphy 

maps of all formations and using the Surfer 11 Software to construct isopach maps. The major 

formations of interest are the Airbenakat Formation, the Talangakar Formation and the basement 

rock. The four hundred and ten sonic logs that were analyzed provided information for each well 

that included the longitude, latitude, total driller depth and the ground level elevations of all the 

formations. Though not all wells may be oil producers this information provides a guide in the 

structural production and development of oil and gas in this study area. Geological well log data, 

cutting descriptions, geology of formations, types and environment of deposition of sediments, 

sequence stratigraphy, stratigraphy and paleontological reports provide other useful information 

about this area and all it formations.  Of great importance to this project from the well logs 
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provided are the longitude, latitude, total depth driller, the ground level elevation, depth to the 

top and base of each formation. The plot of the longitude and latitude of the wells using the 

Rockworks Software helped in identifying the locations of the wells, the depth to top and base 

helped in visualizing the formation contacts in the 3D Stratigraphy/Isopach maps of all 

formations. Examples of the well logs that were looked at are shown in the appendix section of 

this project.  
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Figure 1 shows the location of oil fields in the South Sumatra basin. From Bishop, 2001. 
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Chapter 2 

 

GEOLOGIC BACKGROUND OF SUMATRA 

 

The country of Indonesia is located at the Southeastern part of Asia; it has the largest 

island and the fifth largest in the world – Sumatra (Barber et al., 2005). Figure 2 shows the 

location of Sumatra on a world map. This region of Indonesia (Sumatra) has an area of about 

473,606km
2
. It extends from northwest (Simeulue) to southeast (Pagai) about 1760km, and 

across from west to east about 400km extending from Bangka and Billiton to the Riau Island. 

Figure 3 shows the area map of Sumatra and it length of extension (Barber et al, 2005). Its 

boundary countries are Australia, Malaysia, Sri Lanka and China. The Sumatra region has been 

described tectonically and geologically based on it structural and tectonic forms (Figure 4 shows 

the subduction boundary of Sumatra). Van Bemmelen (1949) and Hamilton (1979) have 

described Sumatra based on the structure and on the movement of the tectonic plates surrounding 

it that is based on the features and the effect of the subduction of the Indian Ocean beneath it. 

The Sumatra structural form is surrounded and influenced by the consequences of this 

subducting Indian oceanic plate as it moves underneath the Eurasia plate as both collided and 

converged with one another. In Barber et al., (2005), the backarc region of Sumatra has been 

divided into the North Sumatra Basin, Central Sumatra Basin and South Sumatra Basin based on 

their origin, the filling of the sedimentary basins and the quantity of oil and gas they hold for 

commercial purpose (Clure, 1991). 
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Figure 2 shows map of Sumatra from other maps of other continent. From Bishop (1988). 
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Figure 3 shows the area map of Sumatra and it length of extension. From Barber et al., (2005). 
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Figure 4 shows the subduction boundary of Sumatra. From McCaffrey (2009). 
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Tectonically, Hamilton (1979) has described Sumatra as an “active Andean” (Andean because of 

the length of extension of the mountain range) type of continental margin that forms the active 

southwestern margin of the Sundaland; he added that Sumatra is an active deforming region that 

is seismically active until present day. It is active as it is the point of collision between the Indian 

Oceanic Plate and forms the southeastern convergent boundary of the Eurasia Plate.  

Sumatra was described geologically by Van Bemmelen (1949) as the southwestern margin of the 

Sundaland, which is based on its extension towards the east of the Malaysia Peninsular and 

towards the west of Borneo. Figure 5 shows Sumatra from other minor and major tectonic Plates. 

Clure (1991) has divided the backarc region of Sumatra into North, Central and South Sumatra 

Basins according to the sedimentary basins and their origin, but Van Bemmelen (1949) has 

divided the structure of Sumatra into three based on the processes surrounding their geological 

and structural forms. He has classified it into the Forearc region, the Barisan Mountains and the 

Sumatran Fault System, and the Backarc region.  
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Figure 5 shows Sumatra from other minor and major tectonic Plates. From Curray et al., (1979). 

 

2.1. The Forearc region: (is the region located between a subduction zone and the volcanic 

chain – volcanic arc (http://earthquake.usgs.gov)). The forearc region has the following features:  

2.1.1The subduction trench and the accretionary complex: At this region is a submarine 

volcanic structure (the Ninety East Ridge and the Investigator Ridge) that extends from the north 
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to the south; it was said to form the “back bone” of the forearc region due to the transform fault 

of the Indian Oceanic crust, it is Cretaceous to Eocene in age (e.g. Scalter and Fisher, 1974).  

This region stretches to the eastern part of Indonesia from Myanmar and also forms part of the 

Sunda Trench. The depth of the subduction trench is about 4000km at the northern part of 

Sumatra and it deepens to over 6000km as it moves closer to the southern part. Its length of 

extension is about 250km due southwest of the mainland and about 100km due southwest of the 

outer arc island (Moore et al., 1982). The Nicobar fan and Bengal fan located at the eastern part 

and northern part of Sumatra respectively formed by accumulation of turbidites has varying 

thicknesses for both fans (Karig et al., 1980). The accretionary complex (also known as 

accretionary wedge) of the Forearc region of Sumatra consists of sediments scraped from the 

ocean floors. The ocean floors of the forearc region is covered by lots of sediment fans from the 

accretionary complex and as the plate is been subducted, it resulted in the “trenchward” 

movement and normal fault of the ocean floor thereby preventing sediments from the floors of 

the subduction trench (Karig et al., 1980). The toe of the accretionary complex is filled with 

sediment formed from fold (anticline) structures that is due to the uplift of the oceanic crust with 

evidence seen on the island of Nias (Karig et al., 1980).  

2.1.2 The forearc ridge – This part forms the Forearc Island as it rises above the sea level 

(Indian Ocean), sedimentary sub-basins found at the forearc ridge have been related to “syn-

depositional extensional faults” that were deposited at the same time as the faults formed at the 

accretionary complex. The effect of the subduction is noticed in basins located at the western 

part of Nias as it was being “infilled” during the Early Miocene and after the occurrence of 

inversion processes (the inversion process is one of the major tectonic phases that resulted in the 

formation of the South Sumatra basin e.g. Suhendan, 1984). The rate of subsidence in the Mid-
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Early Pliocene is also a result from the inversion processes that caused the deformation that was 

noticed in most parts and particularly during the Pliocene time (Barber and Crow, 2005). Also, 

the oblique subduction of the Indian Ocean has not only affected the subsidence, the upliftment 

and compaction at the sedimentary basin, but it has also caused the subduction, strike-slip shear, 

shorten (transpression) and lengthen (extension) along a steep fault (transcurrent fault) (Barber 

and Crow, 2005). According to researchers e.g. Matson and Moore (1992), the Sumatra forearc 

formation is based on evidence seen from sequence stratigraphy. The sediments were formed 

from the increased sediments from the Nicobar fan during the late Mid-Miocene that resulted in 

the subsidence (depression) of the forearc ridge and the sedimentary basins. Evidence from the 

mode of formation of the forearc ridge has been given by different researchers but some 

evidence is seen in samples of large body of rocks (mélange) as they contain oceanic crust. 

Although, the presence of garnet amphibolites and barroisite schist clast in the samples gave 

another insight into the mode of formation of the forearc ridge and as reported by Moore et al., 

(1980). In Samuel et al., (1995)’s report he mentioned that the evidence of the mode of formation 

of the forearc ridge is seen in the Oligocene and Lower Miocene sandstones and conglomerates 

in Nias as they contain round features of quartzose and metamorphic clast which suggest that 

they were formed, eroded and raised from the continental margin. 

2.1.3 The forearc basin – The Sumatra forearc basin lies between the forearc islands and the 

mainland of Sumatra and is formed between the accretionary wedge and the volcanic arc. It 

extends from the north to the south and includes the following basins – the Aceh Basin, the 

Meulaboh (also known as Simeulue) Basin, the Nias Basin, and the Mentawai and Enggano 

Basin. The Sumatra Basins are non-symmetrical as their depth and dip angles varies (Karig et al., 

1979). Seismic sections gave an overview of the ages of the sediments from Paleogene to Present 
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age (Karig et al., 1979). The history of the deposition at the Forearc basin was dated from Upper-

Middle and Late Miocene and differs in each basin (e.g. McCann and Habermann, 1989). It 

formed from sediments of turbidity currents that were deposited in deep water and covered by 

Pleistocene and past reefs (e.g. McCann and Habermann, 1989). The history of formation of the 

basins were generally related to the upliftment at the forearc as the Indian Oceanic spreading 

ridge and the Investigator ridge subducted beneath the forearc (e.g. McCann and Habermann, 

1989). 

2.2 The Barisan Mountain and the Sumatra Fault system: In Barber et al., (2005)’s report, 

the Barisan Mountain was described as the “Backbone” of the main land of Sumatra. This part 

contains sedimentary and volcanic rocks that have been changed metamorphically. Its area of 

extension is from the north (the Banda Aceh) to Bandar Lampung at the south with a parallel 

length of extension of about 1700km (Barber and Crow, 2005). The mountain ranges here rise 

from 3000m in Banda Aceh to about 3805m in Gurung Kerinci at the Centre, with its width 

about 100km close to the north and 50km as its becomes narrower and closer to the southern 

part.  The basement of the mountain ranges at the northern part of Sumatra formed from rocks of 

the Pre-Tertiary of Carboniferous to Cretaceous age and were later covered by Tertiary 

sedimentary and volcanic rocks while the basement rock at the southern part were formed from 

Tertiary rocks of past sediments and volcanic rocks with some seismically active volcanoes and 

some alternating sediment layers of Late Pleistocene to recent volcanoes (Barber and Crow, 

2003). Figure 6a shows the Sumatran forearc plate and its motion and Figure 6b shows the 

structural map with the Pre-Tertiary basement rocks, the Tertiary sediments and volcanics that 

formed the mountain ranges of Sumatra, the forearc basins, and the back arc basins with their 

features. 
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Figure 6a shows the Sumatran Forearc plate and its motions. From McCffrey (2009). 
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Figure 6b shows the Pre-Tertiary basement rocks Tertiary sediments of Sumatra. From Barber and Crow, 

(2003). 

2.2.1 The Sumatra Fault system: According to Milsom (2005)’s report, the tectonics of Sumatra 

is controlled by three major faults which runs from the Banda Aceh to the Sunda Strait, that is 

from Northwest to Southwest Sumatra. The “dextral transcurrent fault system” was said to have 

been the cause of the difference in length of the Barisan Mountain Range. The transform fault is 
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said to be active and its length of extension as mentioned in Barber and Crow (2005) is about 

1900km forming a shape described as “a lazy S”. The fault was traced to or was mentioned to 

have formed during the spreading of the Andaman Sea with the age being an issue because it is 

not very clear but was said to be Mid-Miocene (e.g. Curray, et al., 1979), figures 7a and 7b 

shows the Sumatra fault system, the movements and the active volcanoes.  The faults and its 

splits could be traced to the forearc and backarc region which have formed lakes that may have 

been filled by sediments during the Quaternary (Barber and Crow, 2003). The exposure of 

mylonite in some areas of the fault gave another overview that the fault may have “initiated” 

earlier than it was mentioned (McCarthy, 1997). 
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Figure 7a  shows Sumatra Fault Systems. From Barber and Crow, (2005). 
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Figure 7b shows the elevation above and below sea level, the active volcanoes and the Sumatra Fault 

system. From McCaffrey (2009). 
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2.3. The Backarc region: This region extends from east of the Barisan Mountains to the 

Malacca Straits (Barber and Crow, 2003). The backarc region is known as an area of depression 

because it is opposite to the subduction zone and traps sediments from the volcanic arc. The 

backarc region has been divided into the North Sumatra Basin, Central Sumatra Basin and the 

South Sumatra Basin by two arches (the Ashan and the Tigapuluh arches) and also based on their 

sedimentary structures and accumulations during and after the rifting stages (Barber and Crow, 

2003). Most of the formations in the backarc region of the basin (North Sumatra Basin, Central 

Sumatra Basin and the South Sumatra Basins) are composed of Tertiary sediments that were 

deposited during rifting and subsidence stages in Sumatra (Barber and Crow, 2003). The Backarc 

region is the zone that contains the major coals and the major hydrocarbons in Sumatra, the 

project’s area of study is Southern Sumatra Basin where the Palembang sub-basin and Jambi 

sub-basin (Jambi Trough) are located.  
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Figure 8 shows the South Sumatra backarc basins. From Darman and Sidi, (2000).  
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Chapter 3 

GEOLOGY OF SOUTH SUMATRA BASIN 

The South Sumatra Basin is separated from the Central Sumatra Basin by the Tigapuluh 

High. To the east the Lampung High separates it from the Sunda Basin at the Java Sea. The basin 

was formed by the extension of “Pre-Tertiary basement” rocks on “pre-existing faults” and the 

subsiding graben in the Late Eocene to Early Oligocene (Barber and Crow, 2003). In Williams et 

al (1995), the South Sumatra Basin has been divided into five sub-basins as follows: Jambi Sub-

Basin, North Palembang, Central Palembang, South Palembang and the Bandar Jaya Basin but in 

Clure (1991), it was divided into two – the Palembang sub-basin and the Jambi sub-Basin; 

though this project will focus on the sub division by Clure (1991). Three tectonic events have 

formed the South Sumatra basin – 1) the Paleocene to early Miocene extension grabens, which 

trend in a north direction and was later filled with sediments of Eocene to early Miocene, 2) the 

inactive late Miocene to early Pliocene normal fault, and 3) the Pliocene to Present compression 

of the basement rocks with the inversion of basin and reverse normal faults that formed anticline 

related oil traps (Suhendan, 1984).  Generally, the South Sumatra Basin consists of “semi-

connected NNW-SSE trending synrift basins” (i.e. the Jambi sub-basin and the Palembang sub-

basin). The smaller and proximal of the two is the Jambi sub-basin while the larger and deeper is 

the Palembang sub-basin (Doust and Noble, 2008). Figure 9 shows the two basins (the Jamb sub-

basin and the Palembang sub-basin), and the basement faults and anticlines. This region has also 

being divided according to the stacking patterns “tectonostratigraphy” (the pre-rift, the Horst and 

Graben stage and the transgression and regression stage) of the Tertiary sediment that filled the 

basins (e.g. De Smet, 1992; Barber, 2000).  The tectonostratigraphy stages will be discussed in 

the following section. 



22 
 

 
Figure 9.  The structural features of the South Sumatra Basin – the Jambi Sub-basin, the Palembang Sub-

basins and the Tembesi Fault. (From e.g. Hutchison, 1996). 
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3.1.0 The Pre- Rift Stage: The presence of this stage as mentioned in Van Bemmelen (1949) is 

recorded in the deposition of sediments of Nummulitic limestone on the margins of the Bengkulu 

Basin, though Cole and Crittenden (1997) mentioned in their reports that the Tertiary sediments 

of the South Sumatra Basin were derived locally from erosion of continental sediments. 

3.1.1 The Horst and Graben Stage: The sediments of the horst and graben stage are 

represented by the Lahat Formation (also called the Lemat Formation). It includes breccias, 

conglomerates, and interbedded greenish-grey sandstones with some layers of volcanic rocks at 

the basin margins. These sediments were deposited through fast moving streams, rivers and lakes 

onto faults areas and areas of low topography (e.g. Courteney et al, 1990). The features of the 

horst and graben stage of the South Sumatra are similar to those of the Pematang Formation of 

the Central Sumatra (e.g. Hutapea, 1981). Also seen in boreholes of the central part of South 

Sumatra basins are siltstones with tuffaceous shale (e.g. Widianto and Muskin, 1989). In De 

Coster (1974)’s description of Lahat Formation, which he called the Lemat Formation, he 

described it as pieces of rocks composed of breccia, conglomerates, sandstones and a 

composition of interbedded fined grained Benakat Member with greyish-brown shales, 

tuffaceous shales, siltstones and sandstones with thin coals and uneven carbonate bands and  

“glauconitic units”. 

3.1.2 The Transgressive and Regressive Stage: This period is witnessed by fluvial 

transportation when the rate of subsidence became more pronounced at the backarc region but 

with the rate of sediments deposited on basement rocks higher than the rate of subsidence and the 

infilling of the basins. The sediments deposited at this stage are seen in the Talangakar 

Formation, the Baturaja Formation and the Gumai Formation (De Smet, 1992; Barber, 2000); 

these formations will be discussed in later chapters. Marine transgressions in South Sumatra 
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occurred during the deposition of younger layers onlapping onto the basement rocks with the 

deposition of fragments of clastic rock on basement rocks and with the formation of carbonate 

platforms and structures which have grown organically on high fault related blocks “carbonate 

build-ups” (e.g. Sitompul et al, 1992; Cole and Crittenden, 1997). Maximum marine 

transgression took place in Mid-Miocene resulting in the deposition of the Gumai Shale 

Formation stratigraphically above the Talangakar Formation, acting as a seal (Courteney et al, 

1990). 

According to Gorsel (2011), the North, Central and South Sumatra basins have been classified as 

“prolific hydrocarbon-bearing basins” as oil and gas fields are “spotty” and can be found within 

or approximately around 50km from rift basin with Oligocene lacustrine and some coals of syn-

rift source rocks. 

3.2. PRODUCTION HISTORY 

Three Oil seeps were first reported in South Sumatra Basin in 1866 near Muara Enim 

towards the east of Karangradja and were first seen by Granberg (Courteney et al 1990). The two 

of these seeps were later described by Strief in 1877 but the first oil discovery was in 1896 by the 

Muara Enim Petroleum on the Kampong Minyak Anticlinorium. The oil was located and 

concentrated in three broad anticline areas of South Sumatra Basin (the Muaraenim 

Anticlinorium, the Pendopo-Limau Anticlinorium and the Kampong-Minyak Anticlinorium 

(Clure, 2005)). These anticlinal structures were found where the tertiary sediments are thickest in 

the central part of the South Sumatra Basin (De Coster, 1974). The Kampong Minyak field has 

been producing for over 100 years producing about 15 million barrels of oil (Clure, 2005). 

Although several other oil fields were found, the most important and the largest of all was 

discovered in 1922.  The overall largest of the oil fields were found on the Pendopo Limau 
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Anticlinorium (Clure, 2005). The hydrocarbons in South Sumatra are derived from the lacustrine 

source rock of the Lahat Formation and the terrestrial coal and coaly shale of the Talangakar 

Formation (e.g. Sladen, 1997). The petroleum system of the South Sumatra Basin was divided 

into four petroleum “subsystems” in Doust and Noble (2008)’s report.  

These include: 

1. The Talang Akar/ Palembang petroleum system, which is located in the Jambi and 

Merangan Sub-basin and contains oil and gas that accumulated during the late postrift 

stage. 

2. The Gumai petroleum system is a single gas field of postrift period. It is located in the 

Jambi Sub-basin. 

3. The largest oil and gas field of the Talang Akar petroleum system is located in the 

Palembang Sub-basin and it is composed of late synrift Talang Akar Formation and early 

postrift Batu Raja Formations. 

4. The smaller oil field of the postrift stage of the Talang Akar/ Palembang petroleum 

system is located in the Muara Enim area. 

3.2.1. THE PALEMBANG SUB-BASIN 

The Palembang sub-basin is located at the southern part of the South Sumatra basin. It is a larger 

and deeper basin than the Jambi sub-basin (Doust and Noble, 2008) and is oriented in a north – 

south direction (Clure, 1991). The Lahat Formation, which is the earliest rifting stage, has not 

been penetrated in the Jambi Sub-Basin. This may be related to the basement high and the depth 

at the Jambi Sub-Basin (Clure, 1991). In the Palembang Sub-Basin, the Baturaja Formation 

forms along the coastal shelf, which is widest to the south of the basin. The shales of the Gumai 

Formation in the Palembang Sub-Basin form an effective regional seal than the Jambi Sub-Basin 
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(Clure, 1991). The central part of this basin is greater than 4km deep. At the southern part of the 

basin the sediments are at a depth of about 5km (Barber and Crow, 2005).  

3.2.2. JAMBI SUB-BASIN (JAMBI TROUGH) 

The Jambi Trough (Jambi Sub-Basin) is oriented in a NE – SW direction. It is smaller and more 

proximal to the source than the Palembang Sub-Basin (Doust and Noble, 2008). It has an area of 

many faults that are closely spaced (fault zones) called – the Tembesi Fault (figure 9). The 

Tembesi fault trends in a southwest to northeast direction and also forms the northwest edge of 

the Jambi Trough (e.g. Van Bemmelen, 1949; Hutchison, 1996). The Lahat Formation, which 

depicts the occurrence of the Rifting Stage, is absent in the Jambi Sub-basin even though it is 

present in the Palembang Sub-basin (Clure, 1991).  The Lahat Formation could not be penetrated 

in the Jambi Sub-basin because the Lahat Formation is absent on basement highs. Also because 

the Jambi Sub-Basin is located up north while the Palembang Sub-basin is located down south 

and some grabens have not been drilled below the Talang Akar Formation (Clure, 1991). The 

Jambi Sub-basin is younger than the Palembang Sub-basin and both trend in different directions 

(the Jambi Sub-basin trends northeast-southwest while the Palembang Sub-basin trends in a 

north-south direction) (Clure, 1991). The Baturaja Formation (carbonate build-ups) is formed on 

“basement highs” along the coastal shelf of the Sunda Shelf during the transgression stage in this 

basin. This makes the coastal shelf more “narrower” moving upward towards the Jambi Sub-

basin and thus thins out towards the Jambi Sub-basin which is unlike the Palembang Sub-Basin 

(Clure, 1991). The Baturaja Formation was later sealed by the Shales of the Gumai Formation 

because it forms a regional seal which is more pronounced at the Palembang Sub-basin than the 

Jambi Sub-basin (Clure, 1991). The recent discovery of oil and gas at the Jambi depression (the 

Jambi sub-basin) may be a proof that there may be a relationship between oil distribution and 
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production because the depression was said to have formed during the tectonic inversion and 

onset or reactivation of compression in the South Sumatra Basin in the early Miocene 

(Pulunggono, 1986). It has been related to the renewal of the subduction of the Indian Plate 

beneath the west Sumatra (Pulunggono, 1986). 

Generally, the Horst and Graben Stage has played a major role in hydrocarbon accumulation at 

the backarc region of Sumatra because it marks the development of basins at the backarc region. 

At this stage the rate of subsidence was more pronounced and resulted in deposition and storage 

of rich and thick organic lake and paralic deposits with “sedimentologically immature 

sediments” along the shorelines, the thickness of the organic and paralic deposits is said to be 

due to lack of oxygen circulation at the bottom of the lake (De Smet, 1992; Barber, 2000).  
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Chapter 4 

SEQUENCE STRATIGRAPHY AND BASIN ANALYSIS OF THE SOUTH SUMATRA 

BASIN 

 

The South Sumatra Basin is one of many Tertiary basins in Indonesia, all of which share 

the same characteristics as they all pass through the four tectonostratigraphy stages - the Pre- Rift 

Stage, the Horst and Graben Stage, the Transgressive Stage and Regressive Stage (Doust and 

Noble, 2008). Sequence stratigraphy, defined as “the subdivision of sedimentary basins into 

genetic packages bounded by unconformities and their correlative conformities”. The sequence 

of event of all the formations (Basement rock, Lahat Formation, Talangakar Formation, Baturaja 

Limestone, Gumai Formation, Airbenakat Formation, Muaraenim Formation and Kasai 

Formation) in South Sumatra differs as all formations where deposited in different environmental 

settings and in response to different changes in sea level.  

The Basement rock in South Sumatra basin is composed of volcanic rocks, this rock composition 

differs from all other formations in the basin because it consist of igneous rocks (e.g. Sardjito et 

al, 1991).  Some of these rocks have undergone some changes to quartzite (e.g. Sardjito et al, 

1991). Lying unconformably above these igneous rocks are sediments of the Lahat Formation, 

which was deposited during the Middle Eocene-Upper Oligocene and is composed of volcanic 

and rift sediments.  

The Talangakar Formation was deposited on the Lahat Formation during the early Transgressive 

Stage (Spruyt, 1956). The environment of deposition range from fluvial and lacustrine to 

lagoonal and to shallow marine (Spruyt, 1956). The Talangakar Formation contains channeled 

greyish-brown sandstones, siltstones and shales that grades basinward into light brown 

carbonaceous shales and coal seams. The grain size varies from conglomerates to sandstone, 

mica is also seen in this formations. Also present in this formation are pyrite, silicified wood and 
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molluscs (Spruyt, 1956). The late Transgressive Stage is represented by marine sediments of the 

Baturaja Limestones and the Gumai Formation (Spruyt, 1956). The Gumai Formation downlaps 

unto the underlying reservoir rock thus allowing the flow of hydrocarbons downward into other 

Formation (Clure, 1991). The regressive Stage is marked by the deposition of the Airbenakat 

Formation, the Muaraenim Formation and the Kasai Formation (Spruyt, 1956). The environment 

of deposition of the Airbenakat Formation is deep marine to shallow marine and contains 

sediments of clays with layers of interbedded sandstones. The environment of deposition of the 

Muaraenim Formation is coastal and sediment composition includes sandstones with coal seams. 

The Kasai Formation was deposited in a terrestrial environment and includes sandstones, shales 

and some volcanic “debris” (Spruyt, 1956). All these formation will be described further in the 

following section. 

4.1 RESERVOIR ROCKS OF THE SOUTH SUMATRA 

 

For rocks to be an “economically viable petroleum reservoir” it must be porous and 

permeable (Gluyas and Swarbrick, 2004). Petroleum in Sumatra is controlled by plate tectonic 

movement as the earth crust becomes thinner after it had stretched and together with high 

geothermal gradient makes it possible for it to produce hydrocarbons (Clure, 1991). This 

however may be the reasons the backarc region of Sumatra have lots of hydrocarbons, the 

forearc region on the other hand has low thermal gradient and the crust is thicker due to the 

effect of the subduction and thus has less hydrocarbons than the backarc region (Clure, 1991).  

A reservoir rock is a place where oil migrates to and is held underground. Reservoir rocks are 

mostly sandstones and carbonates and coarse in texture with varying internal properties (porosity 

and permeability) (Gluyas and Swarbrick, 2004). The reservoir rocks in South Sumatra include 

the following: the basement rocks, the Lahat Formation, the Talang Akar Formation, the Baturaja 
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Limestone, the Gumai Formation, the Air Benakat Formation, the Muara Enim Formation and 

the Kasai Formation, figure 10 shows the stratigraphy column of the formations of the two sub-

basins of the South Sumatra (e.g. Surdamono et al., 1997). The formations are as follows from 

the oldest to the youngest. 

4.10 Basement Rocks: The basement rocks in the South Sumatra are Mesozoic and Eocene in 

age, it comprises of granite, some traces of quartzite and schist has shown below in figure 17 of 

chapter 5 (the presence of quartzite may be due to the heating and pressure during tectonic 

compression in the basement rock) with porosity of about 7% (Sardjito et al., 1991). The 

basement rock shows some form of weathering and erosion as there is an unconformity between 

this rock and the overlying Lahat Formation. 

4.11 The Lahat Formation (also known as Lemat Formation): The age of this formation is late 

Mid-Eocene to Late Oligocene (Sardjono and Sardjito, 1989). The formation depicts the early 

rifting stage (Clure, 1991).  This synrift deposit is as thick as 1,070m and depositional 

environments include scree, alluvial fan and fresh lake (lacustrine) to brackish lake (lacustrine) 

(Hutchison, 1996) and also includes granite wash. The granite wash is said to be the oldest rock 

of the Lahat Formation and sometimes called the Young Lemat (Hutchison, 1996).   

4.12 The Talangakar Formation: The lower Talangakar Formation is known as the Gritsand 

Member and the upper Talangakar Formation is known as the Transition Member (e.g. Tamtomo 

et al., 1997). This Formation onlaps conformably on the Lahat Formation, but at the basin 

margins it lies unconformably on Lahat Formation and thereby extends farther beyond the 

depositional basin than the depositional limit of the Lahat Formation (Barber and Crow; 

Hutchison, 1996). It is Late Oligocene to Early Miocene in age. It has similar sediments as the 

Sihapas Group of the Central Sumatra but the sandstone units are thinner, finer grained and occur 
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in layers with claystones (Spruyt, 1956). In Clure (1991), the base of the sediments is depicted as 

an early transgressive fluvial event and the top depicts marine that shows the rise in sea level and 

the change from the rifting stage to the transgressive stage. Generally, this Formation is a “late 

syn-rift to post-rift” formation with thickness of about 610km and tend to be thicker where the 

formation beneath it (the Lahat Formation) is thickest (Hutchison, 1996). The Barisan 

Mountains, Tigapuluh Mountain and the Duabelas Mountains acts as the source for the sediment 

transported here. The formation is composed of “channel sandstones with silicified wood 

alternating with siltstones and carbonaceous shales”. Also present are mollusks, coal seams and 

tuffs; the environment of deposition is delta plain but it changes basinward to marginal marine 

and becomes euxinic in the troughs (Adiwidjaja and De Coster, 1973; Barber, 2000). The 

formation has a porosity of 15% - 30% and permeability of 5 Darcy (Tamtomo et al., 1997).  

4.13 The Baturaja Limestone: The environment of deposition of the Baturaja Limestone is 

marine, it contains thick platform limestones with thin shales (included with it is glauconitic 

packstones and wackestones) and carbonate build-ups (“skeleton of packstones and coral-algal 

boundstones”). This reef build-up was drowned during the maximum transgressive stage and was 

later sealed by marine shales (De Smet, 1992; Barber, 2000). The Baturaja Limestone is early 

Miocene in age, formed adjacent to the Sunda Shelf and on a basement high (Clure, 1991). It is 

also called the Basal Telisa Limestone in Hutchison (1996). In Hartanto et al., (1991), the 

platform Limestone of the Baturaja Formation is 20 – 75m thick, the carbonate build-up and reef 

is 60 – 120m thick but in outcrop at the Garba Mountain part of the Barisan Mountain the 

formation is 520m in thickness (Hutchison, 1996). It has a “secondary” porosity of 18% - 38 % 

and permeability of 1 Darcy.  
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4.14 The Gumai Formation: The Gumai Formation is also known as the Telisa Formation (in 

e.g. Spruyt, 1956). The environment of deposit is marine and it downlaps onto the layer beneath 

it (the Baturaja Limestone) (Clure, 1991). The formation is Oligocene to Mid-Miocene in age 

and consists of grey foraminifera shales, siltstones with layers of glauconitic sandstones and tuff 

lenses that represent a “rapid widespread maximum transgression”. (E.g. Hartanto et al., 1991). 

The Gumai Formation is about 2,700m thick, though this thickness varies in the basins and gets 

thin at the basin margins and across basin highs. The formation also depicts the highest highstand 

transgression stage (Hartanto et al., 1991) and has a porosity of 20%.  The presence of turbidites 

in this formations occurred as the sea level dropped (regression) and marks the end of the 

deposition of the formation in the middle Miocene (Hartanto et al., 1991). 

4.15 The Airbenakat Formation: This formation is also called the Lower Palembang Formation, 

it was deposited at the end of the Transgression stage (the start of the Regression stage) from 

Mid-Miocene to Present (Spruyt, 1956), and consists of turbidite sandstones. Its thickness is 

about 1000 – 1500m (Hutchison, 1996) and the environment of deposition changes from deep 

marine to shallow marine (deltaic). The Airbenakat Formation is separated from the overlying 

formation (Muaraenim Formation) by coal beds (Hutchison, 1996).  The Airbenakat formation 

has an average porosity of 25%.  

4.16 The Muaraenim Formation: This formation is also known as the Middle Palembang 

Formation. It is of late Miocene to Pliocene in age and contains shallow marine land sandstones, 

mud and coals.  The formation is about 750m thick at the south but becomes thin towards the 

north (Hutchison, 1996). This formation has an average porosity of about 30%. 

4.17 The Kasai Formation: This formation forms a “local unconformity” on Muaraenim 

Formation. It is Pleistocene in age and is also known as the Upper Palembang Formation in 
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Courteney et al (1990). It contains “tuffaceous sands, clays, conglomerates and tuffs with lignite 

and silicified wood”; it was formed during the deformation of the Barisan Mountain (Courteney 

et al., 1990; Barber and Crow, 2003).  

 

 
Figure 10, stratigraphic column of the South Sumatra Basin. From e.g. De Coster (1974). 
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Chapter 5 

5.1 RESULTS 

In my modeling, I have constructed maps and cross sections to show the relationship between the 

Airbenakat Formation, Talangakar Formation and the basement rock. General maps of all 

formations in the basin have also being included to show the contacts between these formations 

and to have a general view of the basin. The modelings are represented in Figures 11, 12, 13, 14, 

15, 16, 18 and 19. Figure 11 is a 3D block/stratigraphy/cross section of the Airbenakat 

Formation, the Talangakar Formation and the basement rock; different colors have been used for 

all strata of all formations for easy identification of the formations in the modeling. The figure 

represents the surfaces of the two formations and the basement rock constructed with the 

Rockwork Software and as deposited in the basin, it shows the relative thickness of each unit of 

the formations. The Airbenakat Formation which is younger than the Talangakar Formation 

onlaps on the Talangakar Formation; the basement rock is not well mapped or recognized on the 

map because only a small bedrock was recorded on the well logs. An area of erosion is noticed 

between the Airbenakat Formation and the Talangakar Formation. Also on the same map, the 

Talangakar Formation has been exposed at the surface that is uplifted to a basement high above 

the Airbenakat Formation. The Talangakar Formation also shows a voluminous thickness when 

compared to all other formations in the basin which could be seen in figures 16, 18 and 19. 

Figures 16 and 19 are maps which represent the strata of all eight formations in South Sumatra 

Basin while figure 18 is a cross section of all eight formations.   

Figures 12, 13 and 14 are isopach maps of the two formations and the basement rock, the maps 

were constructed with Surfer 11 Software. The maps represent a plot of longitude, latitude and 

the depth of top and bases of the Airbenakat Formation, Talangakar Formation and the basement 
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rock respectively. The isopach maps of the three formations shows nearly same thickness 

towards the southwestern corner of the map that is they are clustered together and located at the 

southwest corner of the maps (figure 12, 13 and 14). The compaction or clustering of the wells to 

the southwestern corner is a record of the thickness in the basin or it could represent areas of 

uplift in the basin; the thicknesses shown on the three isopach maps thins out towards the north 

of the map. The thinning towards the north may be areas of lows in the basin. Figure 15 is a base 

map/contour map that shows the location of all oil wells; it is a plot of the longitude, latitude and 

the total elevation of all wells constructed with Rockwork Software. The difference between 

figures 12, 13, 14 and 15 is that figure 15 is a Rockworks Software plot of the longitude, latitude 

and the total driller elevation of the oil wells from each well logs. In figure 15, all wells are 

located at the southwest corner of the map except for two wells one of which is located at the 

northwest corner and another located close to the east of the map. Figure 16 is a 3D stratigraphy 

model of the surfaces of the entire eight formations that is it includes all formation of South 

Sumatra basin. The difference between figure 16 and 18 is that figure 18 represents a block 3D 

stratigraphy model and contact between all the formations. Figure 19 is a fence diagram that 

represents the stratigraphy interpolation between all formations of South Sumatra Basin. Figures 

16, 18 and 19 also show the relative thickness of each unit of the entire formations of the basin. 

Figures 16, 18 and 19 have been included to show the relationship between the entire formations 

and to show it resemblance to the cross section (figure 17) from Hutchison (1996).  
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Figure 11 is a 3D block/stratigraphy map/anticlinal structure; it also shows the onlap and relationship 

between the Airbenakat Formation, Talangakar Formation and the basement rock. Diagram constructed 

with Rockworks Software. 

 

 

 

 

Airbenakat Formation Talangakar Formation 
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Figure 12 shows the isopach map of the Airbenakat Formation. Constructed with Surfer 11 Software. 
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Figure 13 shows the isopach map of the Talangakar Formation. Map constructed with Surfer 11 Software 
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Figure 14 shows the isopach map of the basement rock. Map constructed with Surfer 11 Software 
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Figure 15 shows the base map/contour lines, well locations and well depths. Map constructed with 

Rockworks Software. 
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Figure 16 shows the 3D stratigraphy model of all formation surfaces. Constructed using Rockworks 

Software. 
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Figure 17 shows the cross section of the South Sumatra basin. From Hutchison (1996). 
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Figure 18 shows block model/3D stratigraphy contact between all the formations constructed with the 

Rockworks Software. 
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Figure 19. Fence diagram shows the stratigraphy interpolation between all formations of South Sumatra 

Basin 
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5.2 DISCUSSIONS 

Basement rocks as described by Petford and McCaffrey (2003) are “any igneous or 

metamorphic rocks unconformably overlain by a sedimentary sequence”. This characteristics 

describe the basement rocks of the Sumatra Basin (Central and South Sumatra, etc.) (Petford and 

McCaffrey, 2003). Some researchers (e.g. Landes et al, 1996) mentioned that basement rocks 

generally could be a prolific reservoir particularly when there are lots of faults and fractures in 

the basement rock (figure 11 of my modeling shows the uplifted Talangakar Formation). They 

added that the reason could be that the basement rock is at a higher elevation than the 

surrounding sediment. This could be the reason the basement rock in South Sumatra serves as a 

reservoir in the basin because it was mentioned in Barber and Crow (2005) that there were 

reoccurrence and uplift of the basement rock or sedimentary basin inversion, basement fault 

reactivation, compression and folding in South Sumatra during the Pleistocene period. Landes et 

al (1960) also indicated in their report that for a basement rock to serve as an oil reservoir it must 

have gone through weathering, solution, leaching, fracturing and faulting. The basement rocks of 

South Sumatra serves as a reservoir in this region because it has undergone basement faulting 

which may have created the path way for hydrocarbons to migrate to the basement rock.  

Another researcher (Gutmanis and Batchelor, 2010) highlighted the major controlling factors in 

hydrocarbon distribution in basement rocks as: 

1. Lithology – they mentioned that this can be an important factor in hydrocarbon 

distribution particularly when the basement rock is igneous in nature because igneous 

rocks are blocky, they have good fracture connectivity, and they are massive and 

homogenous in nature unlike metamorphic rocks which are layered.  
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2. The deformation history of the basement rock that is the degree of deformation with 

faults and its closeness to faults and fault zones. 

3. Secondary porosity in basement rock through the dissolution of minerals in fractures and 

matrix from secondary alteration by hydrothermal and meteoric activities. 

4. Tectonic and fracture history of the basement rock, this may happen if the current stress 

level of the area affects the youngest structure.   

Furthermore, from the controlling factors mentioned above, the basin inversion history of the 

basin may have played a huge role in hydrocarbon distribution in the basin. Turner and Williams 

(2004) defined basin inversion as the shortening of previously existing extensional basins caused 

by compression of existing faults and fracture which is one of the major tectonic phases that 

formed South Sumatra basin. This may be possible because from the result shown above and 

from sedimentary basin inversion described by Turner and Williams (2004), the change from 

normal fault to reverse faults and the uplifting of a “low lying basin areas’ to high areas (figure 

11) are some of the characteristics of basin inversion exhibited by South Sumatra basin.   

In addition to the above, the control on oil distribution in South Sumatra may also be due to the 

uplifted basin because oil could easily migrate along faults zones from anticlines to other low 

areas in the basin and because most of the structural oil traps (anticlines) were formed during the 

compression of the basement rock in the Miocene period. The anticlines trend in a northwest to 

southeast direction and became more noticeable between 2Ma- 3Ma (Courteney et al, 1990). The 

combination of stratigraphy traps (pinch-outs and carbonate buildups) and structural traps (faults 

and anticlines) have also contributed to the oils trapped in the basin (Sardjito et al, 1991). The oil 

traps like stratigraphy pinch outs and structural faults will aid or control oil distributions in the 

basin. The Talangakar Formation and the Lahat Formation which are the two main source rocks 
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in the basin lye unconformably on the basement rock and together with compressional forces, 

thermal heat, pressure and because of the faults zones will aid in easy flow of oils into fractured 

and weathered basement rock. And from history, the basement rock of South Sumatra have 

undergone weathering, erosion, fracturing and faulting and this may create a secondary porosity 

in the rock for hydrocarbon passage to the basement rock. In Hutchison (1996)’s cross section of 

the basin (figure 17), he mentioned that there are lots of faults in the basin. In my modeling of 

the general map of all formations in the basin, figures 11 and 18 shows some resemblance to the 

cross section (figure 17) in Hutchison (1996) except that faults are not shown in the model I 

constructed with Rockworks software.  

Although faults and fault zones were not visible on well logs analyzed and in most of the figures 

I constructed but other useful informations were analyzed. I noticed that most of the old and 

large oil producing fields in South Sumatra basin were located at the South Palembang sub-

basin, some of which have been abandoned because they are dry or not producing. The oil fields 

of South Palembang sub-basin are larger and older than the recent oil fields in Jambi sub-basin. 

The new and recent recognition of hydrocarbon accumulations in Jambi sub-basin may be due to 

its proximity to the Sunda Plates (Figure 9 in chapter 3 shows the proximity of the Jambi sub-

basin to the Sunda Shelf Plate and as mentioned in Doust and Noble (2008)) and the reactivated 

faults due to basement compressional forces. An example of measurement of fracture and fault 

stress of an oil field (the Suban field) in South Sumatra that created spaces for permeability and 

interconnectivity of pore spaces around Jambi sub-basin is shown below in figure 20 (Hennings 

et al, 2012 ). The figure is a 3D structural model and seismic interpretation of the southwestern 

domain of Southern Sumatra, the figure also shows faults along the crest of the anticline. And 
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because reactivated faults may become “conduits for hydrocarbon leakage” to other areas in a 

basin; the South Sumatra basin as shown in figure 9 has some basement faults.  

 
Figure 20 shows a 3D structural model and seismic interpretation of the southwestern domain of 

the Southern Sumatra with faults along the crest of the anticline. From Hennings et al, (2012). 

In addition to the above and from the well log data analyzed, only few oil fields are present in 

Jambi sub-basin; almost all oil fields are new discoveries and are all oil producers while most of 

the oil fields in Palembang sub-basin are old, some have been abandoned or suspended because 

they were not successful and are not producing. Some Wildcat Wells (i.e. an exploratory well 

drilled a mile or more from existing production well) are still producing oils and some are not, 
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the producing wells have casing in them while the dry wells have no casing as shown on the well 

log data. Out of all the four hundred and ten wells looked at, one hundred and seventy four wells 

are not producing that is they have been abandoned because they were not successful.  

More so, within the Jambi sub-basin the Airbenakat sandstones which represents a regressive 

sequence in the basin contains many sandstones which “crop out and sub-crop out” along the 

edges of the Sunda landmass and to some degree may have oil present in some places (Clure 

2005). The oil shows in the out crops however explains why the Jambi trough is a recent focus 

for hydrocarbon in South Sumatra Basin and because the Jambi trough is proximal to the Sunda 

landmass and because the sands are frequently exposed to meteoric waters. The meteoric water 

will dissolve minerals in fractures and matrix of the basement rock thereby creating secondary 

porosity in the basement rock, basement faults will then serve as channels for hydrocarbon 

leakage to other areas in the basin. The oil fields in South Sumatra have been traced to oil seeps 

from the anticlinal structures (Zeliff et al, 1985), the anticlines may have also contributed to the 

distribution of oil and gas in the basin (Ford, 1985). The presence or absence of oil in some wells 

may however be related to the controlling factors mentioned above and the sedimentary basin 

inversion process (figure 11 shows the anticline structure of South Sumatra basin). That is some 

wells may be close to fault and fault zones and oil could migrate easily through fractured zones 

in the rock which could result in accumulation of oil in some areas and absence of oil in some 

(The onlap of Airbenakat Formation in figure 11 may be faulted but not shown on map).  

During the early formation of South Sumatra basin, the grabens formed in late Eocene to early 

Oligocene subsided and from studies by some researchers, half grabens could be important oil 

and gas prospect particularly when they contain source rocks and reservoir rocks. Therefore there 

is a possibility that that oil from the overlying Talangakar Formation and Lahat Formation 
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migrated into the basement rock because the two formations overlie on the basement rock. This 

may also be the channel which linked the basement rock to the oil produced from the overlying 

source rocks which is then distributed to other areas in the basin. 

In other words, the oil trapped in the basement rock of South Sumatra may be wholly or partially 

related to the onlap of tertiary sediment on the basement rock and the fault in the basin (Figure 

11 shows onlap of the Airbenakat on the Talangakar Formation and the basement rock). Because 

onlap surfaces are associated with marine transgression, the Airbenakat Formation which 

represents the onlap surface here is evidence of transition from a deep marine transgression to a 

shallow marine and it marks the end of the transgressive stage in South Sumatra basin.  

The following studies by some researchers could give some valuable insight and could describe 

the various ways by which hydrocarbons in a basin can migrate and be distributed with different 

models. This however could be related to the processes of inversion and all other tectonic 

processes that formed the South Sumatra basin. In Beauchamp et al. (1996), they mentioned that 

“remigration and redistribution” of hydrocarbon into structures formed from reactivation of pre-

existing faults during the process of rifting can be a result of the uplifted and inverted 

hydrocarbon bearing rifts. Adding that a better knowledge of the geometric structures formed 

during reactivation of the synrift faults will be beneficial because such structures formed could 

be or serve as a “potential” trap for reasonable amounts of hydrocarbons.  Another point 

highlighted in Beauchamp et al. (1996) is that the reactivated normal synrift faults could invert a 

formerly existing graben to an anticline structures.  

The recent discovery of hydrocarbon accumulation in Jambi trough may be related to inversion 

process because as reported in e.g. Jensen and Schmidt (1993) that source rocks at a “sub-mature 

depth” may become mature prior to their inversion. Piggott and Lines (1991) stated in their 
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report that gas accumulation at high temperature/high pressure may release oil by the process of 

retrograde condensation. Cramer et al. (2002) described that a reduction in pressure after 

exposure of a buried rock can result in accumulation of “basin-centered gas” by separation of 

methane from formation waters. Bourne et al, (2001) pointed out in their own report that 

hydrocarbon prospectivity can be due to brittleness of a reservoir and particularly when they are 

carbonates and this could increase pore spaces for easy hydrocarbon migration. They also 

mentioned that fractures that occur naturally can act as a great and permeable fluid channels for 

hydrocarbons because they have a striking impact on the performance of reservoirs. Carr (1999) 

indicated that the maturity of source rock is decreased during the process of “endothermic 

volume expansion reactions” and in the process of “fluid overpressure”. He stated further that 

keeping the chemical equilibrium and releasing the fluid pressure will stop the decrease in the 

maturity of the source rock which will still lead to continued hydrocarbon production. He gave 

his example referring to the late dry gas of the Norwegian North Sea. Mostly all models by the 

researchers mentioned above show that all wall rocks adjacent to faults areas undergoing 

reactivation and fracturing have the ability to improve reservoir permeability.  

Macgregor (1995) mentioned that a look at most inverted basins of the world shows that locally 

inverted basins like Central Sumatra and Malay basin have a huge success rate of hydrocarbon 

exploration when compared to uninverted rifts basins but that the basins may have smaller oil 

field sizes. He added that this in effect is due to the simple anticline traps formed during the 

inversion process and without a concurrent break in the oil seal or loss of the structure of that 

area.  

The control on hydrocarbon production and distribution in South Sumatra, and generally in 

Indonesian Basin, may be due to various factors such as –  sedimentary basin inversion, the 
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maturity and facies of the source rocks, the differences in reservoir facies, and the type and 

development of structural/stratigraphy traps and seals (either intraformational or regional). The 

changes in facies (from non-marine to marine sediments) in relation to the environment together 

with the oil sourced from lacustrine Lahat Formation and terrestrial Talangakar Formation have 

played a huge role in the sediment infill of South Sumatra basin. The oil trapped in the basement 

rock may have migrated to the basement rock due to permeability of the basement rock after 

brittle fracturing of the basement rock. This may be the reason the basement rock serves as a 

reservoir in the basin and because the depth of the basement rock has been uplifted to a higher 

elevation than the surrounding younger sediments so oil could migrate easily into the basement 

rock through oil seeps. More so, the unconformity between the basement rock and the overlying 

formations may have created a path way for hydrocarbons to migrate into basement reservoirs 

and other reservoirs in the basin. Because it may have connected the source rocks and reservoir 

rocks of the Lahat Formation and the Talangakar Formation both of this Formation may lie on 

opposite sides of the unconformity (Figure 17 shows the cross section of the basin from 

Hutchison, 1996). In addition to the above, the unconformity surface which separates the 

overlying Lahat Formation and Talangakar Formation from the basement rock may have 

undergone weathering, erosion and leaching. And because the basement rock is igneous rock so 

there is a possibility of good fluid connectivity when the igneous rocks are fractured during 

basement faulting. This may result in high porosity of the basement rock and permeability of 

hydrocarbons into the basement rocks. 

Although the sedimentary basin inversion process may have contributed in a way to the 

exploration of hydrocarbons in the basin, however, the production and distribution of 

hydrocarbons in the basin may depend wholly or partially on the quantity of hydrocarbons 



53 
 

available and on post migration (secondary and tertiary migration of hydrocarbons) after post 

inversion process.  

The major three tectonic process involved in the formation of South Sumatra basin are: 1) the 

extension of north trending grabens filed with Eocene to early Miocene deposits, 2) late normal 

faulting and 3) basement compression forces, basin inversion, and change from normal fault to 

reverse fault.  The anticline structures are the dominant and major structural traps in South 

Sumatra basin. Figure 11 shows this anticline structure with the Talangakar Formation (one of 

the two source rock) exhumed and on basement high in the cross section. 

5.3 CONCLUSIONS 

In conclusion, the link between the basement rock and oil produced and distributed in the basin 

may be due to the uplifted basin as shown in figures 11, 16, 18 and 19.  Because the basement 

rock together with the source rock of the Talangakar Formation has been uplifted to a basement 

high, this will then create a path way for easy hydrocarbon migration to the basement rock. Also 

from history, the basement rock has undergone faulting; this will make the rocks to become 

brittle and fractured and thereby creating pores spaces and pore spaces are good for fluid 

connectivity.  

Above all, the models constructed with Rockwork Software may show an uplifted basin but to 

have an in-depth knowledge of the relationship between the basement rock and oil produced and 

distributed in the basin, other models such as seismic data analysis and petrophysical analysis of 

the basin amongst others can be comprehensive and provide more insight to determine what 

quantity of hydrocarbons is generated or can be generated from the basement reservoir.   
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APPENDIX 

TABLE 1 

Well Name Total Depth Hydrocarbon Production 

Meruap 2 1601.1 Oil 

Menggala Selatan 1 859 Dry 

Meruap 4 1602.9 Dry 

Punjung 1 1688.6 Oil 

Rukam 1 3076.3 Oil 

Tambesi Bay 1 2686.8 Oil 

Terap 1 1828.8 

 

Oil 

Muara Bualian 1 2020 Dry 

Plajawan 1 2643 

 

Dry 

Sungai Medak 1 1952 

 

Dry 

Siarak 2 567 Oil 

S.E. Babat 1 796.4 Oil 

Sembatu 1 2574.3 Oil 

Sembatu 2 2412.5 Oil 

Serdang 1 939.4 Oil 

Semi 1 985.1 Dry 

Sialan 1 1130.2 Dry 

Rimbo 1 626.4 Dry 

Rombongin 1 1896.2 Dry 

Table 1 shows examples of dry and oil producing fields. 



55 
 

 



56 
 

 



57 
 

 



58 
 

 



59 
 

 



60 
 

 



61 
 

 



62 
 

 

 



63 
 

 



64 
 

 

 

 

 

 

 

 

 

 



65 
 

 



66 
 

 



67 
 

 



68 
 

 



69 
 

 



70 
 

 



71 
 

 



72 
 

 

 



73 
 

 

 

 

 



74 
 

 



75 
 

 



76 
 

 



77 
 

 



78 
 

 



79 
 

References 

Adiwidjaja, P. and De Coster, G. L. (1973). Pre-Tertiary paleotopography and related  

sedimentation in South Sumatra. In: Indonesian Petroleum Association, Proceedings of 

the 2nd Annual Convention, Jakarta. 2, 89–104. 

Barber, A. J. (2000). The origin of the Woyla Terranes in Sumatra and the Late Mesozoic  

evolution of the Sundaland margin. Journal of Asian Earth Sciences. 18, 713–738. 

Barber, A. J. and Crow, M. J. (2003). Evaluation of Plate Tectonic model for the development of  

Sumatra. Gondwana Research. 20, 1–28. 

Barber, A.J. and Crow, M.J. (2005). Structure and structural history. In: Sumatra, Geology,  

Resources and Tectonic Evolution. Geological Society Memoir. 31, 175–233. 

Barber, A. J., Crow, M. J. and Milsom, J. S. (2005). Sumatra: Geology, Resources and Tectonic  

Evolution. Geological Society Memoirs. 31. 

Beauchamp, W., Barazangi, M., Demnati, A. and El Alji, M. (1996). Intracontinental Rifting and  

Inversion: Missour Basin and Atlas Mountains, Morocco. AAPG Bulletin. 80, 1459–

1482. 

Bishop, M. G. (1988). Clastic depositional processes in response to rift tectonics in the Malawi  

Rift, Malawi, Africa: Master’s Thesis, Duke University. 122. 

Bishop, M. G. (2001).  South Sumatra Basin Province, Indonesia: The Lahat/Talang Akar  

Cenozoic Total Petroleum System. United States Geological Survey.  

Open-file report 99–50S. 

Bourne, S.J., Rijkels, L., Stephenson, B.J. and Willemse, E.J.M. (2001). Predictive modeling of  

naturally fractured reservoirs using geomechanics and flow simulation. GeoArabia. 6, 

27–42. 

Carr, A.D. (1999). Avitrinite reflectance kinetic model incorporating overpressure retardation.  

Marine and Petroleum Geology. 16, 355–377. 

Caughey, C.A., Cavanaugh, T. C., Dyer, J. N. J., Kohar, A., Haryono, L., Lorentz, R.A., Miller,  

R., Prijosoesilo, P., Wight, A.W.R. and Wilson, J. N. (1994). Seismic Atlas of Indonesia 

Oil and Gas Fields, Sumatra. Indonesian Petroleum Association. 1.  

Cole, J. M. and Crittenden, S. (1997). Early Tertiary basin formation and the development of  

lacustrine and quasi-lacustrine /marine source rocks on the Sunda Shelf of SE Asia, in 

Fraser, A. J., Matthews, S. J. and Murphy, R. W., Eds. Petroleum Geology of Southeast 

Asia: Geological Society Special Publication. 126, 147–183. 

Courteney, S., Cockcroft, P. Lorentz, R. A., Miller, R., Ott, H. L., Prijosoesilo, P., Suhendan, A.  

R. and Wight, A. W. R. (1990). Indonesia-Oil and Gas Fields Atlas. Volume 3: South 

Sumatra; Indonesia Petroleum Association. 

Courteney, S., Cockcroft, P. Lorentz, R. A., Miller, R., Ott, H. L., Prijosoesilo, P., Suhendan, A.  

R. and Wight, A. W. R. (1991). Indonesia–Oil and Gas Fields Atlas. Volume 2: Central 

Sumatra; Indonesia Petroleum Association. 

Clure, J. (1991). Spreading centers and their effect on oil generation in the Sunda region. In  

Indonesian Petroleum Association, Proceedings of the 20th Annual Convention.   

1, 37–48.  

Clure, J. (2005). Fuel resources: oil and gas. In: Sumatra, Geology, Resources and Tectonic  

Evolution.  Geological Society Memoir. 31, 131–141. 

 

 



80 
 

Cramer, B., Schlomer, S. and Poelchau, H.S. (2002). Uplift-related hydrocarbon accumulations:  

the release of natural gas from groundwater. In: Dore, A.G., Cartwright, J.A., Stoker, 

M.S., Turner, J.P., White, N.J. (Eds.), Exhumation of the North Atlantic Margin: Timing, 

Mechanisms and Implications for Petroleum Exploration. Geological Society Special 

Publication. 196, 447–457. 

Curray, J. R., Moore, D.G., Lawver, L. A., Emmel, F.J., Raitt, R. W., Henry, M. and  

Kieckheffer, R. (1979). Tectonics of the Andaman Sea and Burma. In: Watkins, J.S., 

Montadert, L. and Dickenson, P.W. eds. Geological and Geophysical Investigations of 

Continental Margins. American Association of Petroleum Geologist, Memoir.  

29, 189–198.  

Darman, H. and Sidi, F. H. (2000). An outline of the geology of Indonesia eds. Indonesian  

Association of Geologist special publication. 192. 

De Coster, G.G. (1974). The geology of the Central and South Sumatra Basins. In: Indonesian  

Petroleum Association, Proceedings of the 3th
 
Annual Convention, Jakarta. 3, 77–110. 

De Smet, M.E.M. (1992). A guide to the stratigraphy of Sumatra, Part 2: Tertiary. The geology  

of the Central and South Sumatra Basins. University of London Consortium for 

Geological Research in Southeast Asia, Internal Report. 108. 

Doust, H. and Noble, R.A. (2008). Petroleum systems of Indonesia. Marine and Petroleum  

Geology. 25, 103–129. 

Eubank, R. T. and Makki, A. C. (1981). Structural geology of the Central Sumatra back-arc  

basin. In: Indonesian Petroleum Association, Proceedings of the 10
th

 Annual Convention, 

Jakarta. 10, 153–196. 

Gluyas, J. and Swarbrick, R. E. (2004). Petroleum Geoscience. Blackwell Science Limited. 

Gutmanis, J and Batchelor, T. (2010). Hydrocarbon Production from fractured basement  

formations. GeoScience Limited. 9. 

Halbouty, M.T. (1982). The Deliberate Search for the Subtle Trap. American Association of  

Petroleum Geologist Memoir 32, 57–75. 

Hamilton, W. (1979). Tectonics of the Indonesian Region. United States Geological Survey  

Professional Paper. 1078. 

Hartanto, K., Widianto, E. and Safrizal (1991). Hydrocarbon prospect related to the local  

unconformities of the Kuang Area, South Sumatra Basin. In: Indonesian Petroleum 

Association, Proceedings of the 20th Annual Convention, Jakarta. 1, 17–36.  

Hennings, P., Allwardt, P., Paul, P., Zahm, C., Reid R., Alley, H., Kirschner, R. and Hough, E.  

(2012). Relationship between fractures, fault zones, stress, and reservoir productivity in 

the Suban gas field, Sumatra, Indonesia. American Association of Petroleum Geologists 

Bulletin. 

Hutapea, O.M. (1981). The prolific Talang Akar Formation in Raja Field, South Sumatra. In:  

Indonesian Petroleum Association, Proceedings of the 10th
  
Annual Convention, Jakarta. 

251–268. 

Hutchison, C.S. (1996). South-East Asian Oil, Gas, Coal and Mineral Deposits. Clarendon Press  

Oxford. 

Jensen, L.N. and Schmidt, B.J. (1993). Neogene uplift and erosion offshore south Norway:  

Magnitude and consequences for hydrocarbon exploration in the Farsund Basin. In: 

Spencer, A.M. (Ed.), Generation, Accumulation and Production of Europe’s 

Hydrocarbons, III. Special Publication of the European Association of Petroleum 

Geoscientists.  3, 79-88. 



81 
 

Karig, D.E., Suparka, S., Moore, G.F., and Hehunassa, P.E. (1979). Structure and Cenozoic  

evolution of the Sunda Arc in the central Sumatra region. In: Watkins, J.S., Montadert, 

L., and Dickerson, P.W. (eds) Geological and Geophysical Investigations of the 

Continental Margins. American Association of Petroleum Geologists Memoirs.  

29, 223–237. 

Karig, D.E., Lawrence, M. B., Moore, G.F. and Curray, J.R. (1980). Structural framework of the  

fore-arc basin, NW Sumatra. Journal of the Geological Society, London. 137, 77–91. 

Landes, K.K., Amoruso, J.J., Charlesworth, L.J., Heany, F. and Lesperance, P.J. (1960).  

Petroleum resources in basement rocks. American Association of Petroleum Geologists. 

Bulletin, 44, 1682–1691. 

Longley, I. M., Barraclough, R., Bridden, M. A. and Brown, S. (1990). Pemantang lacustrine  

petroleum source rocks from the Malacca Strait PSC, Central Sumatra, Indonesia. In: 

Indonesian Petroleum Association, Proceedings of the 19
th

 Annual Convention, Jakarta. 

1, 279–298. 

Macgregor, D.S., (1995). Hydrocarbon habitat and classification of inverted rift basins. In:  

Buchanan, J.G., Buchanan, P.G. (Eds.), Basin Inversion. Geological Society Special 

Publication. 88, 83–97.   

Martadinata, A.H. and Wright, J.H. (1984). Development of Ibul stratigraphy plays, South  

Sumatra Basin, by integration of geologic and seismic data: Indonesian Petroleum 

Association 18th Annual Convention. 51–61. 

Matson, R.G. and Moore, G. (1992). Structural influences on Neogene subsidence in the central  

Sumatra forearc basin. In: Watkins, J.S., Zhiquiang, F. et al (eds).  Geology and 

Geophysics of Continental Margins. American Association of Petroleum Geologists 

Memoirs. 53, 157–181.  

McCaffrey, R. (2009). The Tectonic Framework of the Sumatran Subduction zone. Annual  

Review Earth Planet. Sci. 37, 345–366.  

McCann, W.R. and Habermann, R.E. (1989). Morphologic and geologic effects of the  

subduction of bathymetric highs. Pure and Applied Geophysics. 129, 41–69. 

McCarthy, A. J. (1997). The evolution of the transcurrent Sumatran Fault System. PhD Thesis,  

University of London. 

Mertosono, S. and Nayoan, G. A. S. (1974). The Tertiary basinal area of Central Sumatra. In  

Indonesian Association, Proceedings of the 3
rd

 Annual Convention, Jakarta. 63–76. 

Milsom, J.S. (2005). Seismology and neotectonics. Geological Society Memoir. 31, 7–15. 

Moore, G. F., Curray, J.R. and Emmel, F. J.  (1982). Sedimentation in the Sunda Trench and the  

forearc region. In: Leggett, J. K. (ed) Trench – Forearc Geology. Geological Society, 

London, Special Publications. 10, 245–257. 

Moulds, P. J., (1989). Development of the Bengkalis depression, Central Sumatra and its  

subsequent deformation – a model for other Sumatran grabens?: Proceedings  Indonesian 

Petroleum Association Eighteenth Annual Convention. 217–246. 

Petford, N. and  McCaffrey, K. (2003). Hydrocarbons in crystalline rocks: an introduction.  

Geological Society, of London Special Publications. 214, 1–5. 

Piggott, N. and Lines, M.D. (1991). A case study of migration from the West Canada Basin. In:  

England, W.A., Fleet, A.J. (Eds.), Petroleum Migration. Geological Society Special 

Publication. 59, 207–225. 

 

 



82 
 

Praptono, S. H., Dwiputro, R., Longley, I. M. and Ward, R. W. (1991). Kurau: an example of the  

low relief structural play in the Malacca Strait PSC, Sumatra, Indonesia. In: Indonesian 

Petroleum Association, Proceedings of the 20
th

 Annual Convention, Jakarta. 1, 299–318. 

Pulunggono, A. (1986). Tertiary structural features related to extensional and compressive  

tectonics in the Palembang Basin, South Sumatra. In: Indonesian Petroleum Association, 

Proceedings of the 15
th

 Annual Convention, Jakarta. I, 187–214. 

Samuel, M. A., Harbury, N.A. Jones, M.E. and Matthews, S.J. (1995). Inversion-controlled uplift  

of an outer-arc ridge: Nias island, offshore Sumatra. In Buchanan, J.G and Buchanan, 

P.G. (eds) Basin Inversion. Geological Society of London Special Publication.  

88, 473–492. 

Samuel, M. A., Harbury, N. A., Barkri, A., Banner, F. T. and Hartono, L. (1997). A new  

stratigraphy for the islands of the Sumatran Forearc, Indonesia. Journal of Southeast 

Asian Earth Sciences. 15, 330–380. 

Sarjono, S. and Sardjito, (1989). Hydrocarbon source rock identification in the South Palembang  

Sub-basin. In: Indonesian Petroleum Association, Proceedings of the 18
th

 Annual 

Convention, Jakarta. 1, 419–468. 

Sardjito, Fadianto, Eddy, Djumlati and Hansen, S. (1991). Hydrocarbon prospect of the Pre- 

Tertiary basement in Kuang Area, South Sumatra: Proceedings of Indonesian Petroleum 

Association 12th Annual Convention. 101–113.  

Sclater, J.G. and Fisher, R. L. (1974). Evolution of the east central Indian Ocean, with emphasis  

on the tectonic setting of the Ninety-East Ridge. Geological Society of America Bulletin. 

85, 683–702. 

Sitompul, N., Rudiyanto, Wirawan, A. and Zaim, Y. (1992). Effects of sea level drops during  

late early Miocene to the reservoirs in South Palembang sub-basin, South Sumatra, 

Indonesia: Proceedings of Indonesian Petroleum Association 21st Annual Convention. 

309–324. 

Sladen, C. (1997). Exploring the lake basins of east and Southeast Asia. In: Frazer, A.J., (Eds).  

Petroleum Geology of Southeast Asia. Geological Society Special Publication.  

126, 49–76. 

Spruyt, (1956). Subdivisions and nomenclature of the Tertiary sediments of the Djambi- 

Palembang area. Pertamina Internal Report. 

Suhendan, A.R. (1984). Middle Neogene depositional environments in Ramubtan area, South  

Sumatra:  Proceedings Indonesian Petroleum Association Thirteenth Annual Convention, 

63–73. 

Surdamono, Suherma, T. and Benny Eza, (1997). Paleogene basin development in Sundaland  

and its role to the petroleum systems in Western Indonesia: Proceedings of Indonesian 

Petroleum Association Petroleum Systems of SE Asia. 545–560. 

Tamtomo, Budi, Yuswar, Irzan, Widianto, Eko, (1997). Transgressive Talang Akar sands of the  

Duang area, south Sumatra basin: origin, distribution and implication for exploration play 

concept, in Howes, J.V.C. and Noble, R.A., eds. Proceedings of the petroleum Systems of 

Se Asia and Australia: Indonesian Petroleum Association Conference.  699–708. 

Turner, J.P. and Williams, G.A. (2004). Sedimentary basin inversion and intra-plate shortening.  

Earth-Science Reviews. 65, 277–304. 

Van Bemmelen, R.W. (1949). The Geology of Indonesia. Martinus Nijhoff, The Hague,  

Netherlands. 

 



83 
 

Van Gorsel, J. T. (2011). Bibliography of the Geology of Indonesia and surrounding areas.  

Bibliography of Indonesia Geology, vol. 4. 

Widianto, E. and Muskin, N. (1989). Seismic stratigraphic record study on the Talangakar  

Formation in the Selat Area, Jambi. In: Indonesian Petroleum Association, Proceedings 

of the 18th Annual Convention, Jakarta. I, 323–338. 

 Williams, H. H., Fowler, M. and Eubank, R. T. (1995). Characteristics of selected Palaeogene  

and Cretaceous lacustrine source basins of Southeast Asia. In: Lambiase, J. J. (ed.) 

Hydrocarbon Habitat in Rift Basins. Geological Society of London, Special Publication. 

80. 

Zeliff, C.W., Trollope, S.W. and Maulana, E. (1985). Exploration cycles in the Corridor Block,  

South Sumatra. Indonesian Petroleum Association, Proceedings of the 14th Annual 

Convention. I, 379–401. 

 

 


