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Dear Readers, 
 
Welcome to Berita Sedimentologi 
No. 37, the first volume of Berita 
Sedimentologi journal in 2017. 
The topic of this volume is on 
“Paleogene of the Eastern Margin 
of Sundaland” and it is the final 
of three issues on the same theme 
that started back in May last 
year. For those who have not read 
the previous two volumes, please 
download Berita Sedimentologi 
No. 35 & 36 from our website 
at http://www.iagi.or.id/fosi . 
  
In this volume, we include three 
short articles written by Herman 
Darman, Fatrial Bahesti and 
Ricky Tampubolon et al. Herman 
discussed about the Paleogene of 

East Borneo, while Fatrial and 
Ricky both touched on the 
Paleogene of North Sumatra 
Basin.  
 
The coming volume of Berita 
Sedimentologi will be on “Natuna 
Islands”, to be published around 
April 2017. We have received 
commitment from several 
potential authors, nevertheless, 
we are still seeking for more 
papers to be included. If you are 
interested to contribute and 
submit your articles to Berita 
Sedimentologi No. 38 and beyond, 
please contact one of our editors. 
 
On organizational update, we 
would like to welcome Yan 
Bachtiar Muslih who joined our 

local editor team recently. Yan is 
currently part of the Academic 
team in Pertamina University, a 
new university established by 
PERTAMINA.  
 
We also have planned to do FOSI 
Evening Discussion regularly for 
2017. The next one will be held in 
this March, with a topic on 
“Lacustrine Deposits in Southeast 
Asia”. This event is an informal 
technical discussion forum 
supported by PGS, PT. Eksindo 
Pratama, Waviv and Elnusa. 
 
We hope you enjoy reading this 
publication and till next time. 
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Minarwan 

Chief Editor
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About FOSI 

he forum was founded in 
1995 as the Indonesian 
Sedimentologists Forum 

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

FOSI has close international 
relations with the Society of 
Sedimentary Geology (SEPM) and 
the International Association of 
Sedimentologists (IAS). 
Fellowship is open to those 
holding a recognized degree in 
geology or a cognate subject and 
non-graduates who have at least 
two years relevant experience.  
 
FOSI has organized 2 
international conferences in 1999 
and 2001, attended by more than 
150 inter-national participants. 
 
Most of FOSI administrative work 
will be handled by the editorial 

team. IAGI office in Jakarta will 
help if necessary.  
 

 

 

 

 

The official website of FOSI is:   

http://www.iagi.or.id/fosi/ 

 

 

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

  

T 

FOSI Membership 

 

FOSI Group Member 
as of FEBRUARY 2017: 
988 members 

http://www.iagi.or.id/fosi/
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The Paleogene of East Borneo and its Facies Distribution 
 
Herman Darman 
Indogeo Social Enterprise. 
 
Corresponding author: herman_darman@yahoo.com  
 

 
INTRODUCTION 
 
Paleogene age rocks are exposed over about 40% of 
Borneo island, mainly in the central or core part. 
The geologic map (Figure 1) shows that more than 
half of those Paleogene exposures are grouped as a 
melange unit and the rest are a mix of sediments 
and meta-sediments (Tate, 2002; Hutchison, 1989). 
The majority of the melange unit is exposed in 
Malaysian Sabah and Sarawak. The Paleogene 
sediments are exposed more in the Indonesian 
(Kalimantan) side. 
 
Within the sedimentary basins around Borneo, the 
Paleogene interval lies buried deep and is poorly 
understood. Seismic images covering the Paleogene 
interval are poor and the number of Paleogene well 
penetrations is limited. Most well penetrations 
stopped within the Neogene interval only, where 
significant hydrocarbon accumulations have been 
found (Figure 1).  
 
Several authors have provided a regional overview 
of the basins in East Borneo, namely: Barito, Kutei 
and Tarakan (e.g. Satyana et al., 1999; Darman & 
Sidi (eds.) 2000 and Netherwood, 2000). Recently 
the Paleogene in East Kalimantan became a 
petroleum exploration target (Saller & Vijaya, 2002; 
Satyana & Biantoro, 1996 and Guritno & 
Chambers, 1999), unfortunately no significant 
accumulations have yet been found. 
 
This short article summarizes the distribution of 
Paleogene rocks in the east of Borneo Island based 
on recent exploration data. A series of proposed 
paleogeographic maps for the Eocene and 
Oligocene sections are prepared based on these 
recent data and understanding. These maps are 
aimed to facilitate discussions and set up a starting 
point for further work in the future. 
 
 
DATA DISTRIBUTION 
 
The Barito Basin Paleogene in the southeast of 
Borneo island has more wells than the Kutei and 
Tarakan basins in East Kalimantan. The wells are 
located in two main areas, around the Pertamina-
operated field in the north, drilled between 1938 
and mid-60’s, and another cluster located in the 
southern part of the Barito basin, drilled between 
1937 and the mid-80’s (Figure 1). The wells in the 
south found hydrocarbon shows without economic 
discoveries. The seismic data available for this 

study is limited. The wells in Pertamina Fields area 
cover the Tanjung, Kambitin, Tapian Timur and 
Warukin Fields. Some seismic sections in this area 
have been published by Satyana (1995). 
 
Unocal, Lasmo and Pertamina, respectively, 
operated blocks in the Kutei Basin and they shot 
seismic in the 90’s. Some of their seismic surveys 
were followed by drilling into the Paleogene target 
intervals (Figure 1).  Seismic sections of the 
Paleogene interval in Kutei Basin were published 
and incorporated into the preparation of the 
paleogeographic maps (e.g. Satyana & Biantoro, 
1996; Saller & Vijaya, 2002). Moss and Finch 
(1997) have collected outcrop data from Upper 
Kutei area. 
 
The Tarakan basin has the least data for the 
Paleogene compared with the other two basins in 
East Kalimantan. However, it has the latest data, 
from Bella-1 well, (drilled by ACG PTE Ltd in 2013), 
which penetrated Eocene volcanics. There are a few 
older wells drilled close to the basin margin, 
targeting the Paleogene interval and only two wells 
encountered the Eocene section, Bella-1 and 
Bunyut-1 (drilled in 1975). Seismic data for the 
Paleogene interval is also limited for this basin. 
 
 
STRATIGRAPHY 
 
The three sedimentary basins of East Borneo, the 
Barito, Kutei and Tarakan basins, contain many 
hydrocarbon accumulations (Figure 2), with the 
most in the Kutei. Virtually all those 
accumulations are hosted within the Neogene 
interval. Barito is the only basin which produces oil 
from the Paleogene interval (i.e.Tanjung and 
Kambitin fields) and one gas accumulation has 
been discovered in the Kutei Basin (Kerendan field). 
Up to now no significant hydrocarbon 
accumulation has been reported from the 
Paleogene interval in the Tarakan Basin. 
 
Well penetrations show that Cretaceous granitic 
rock and melange underlie the sedimentary basins 
in East Borneo, as economic Basement. A regional 
unconformity occurs above this and the Paleocene 
interval is missing in all these basins. Only limited 
data indicates Early Eocene occurrence in the area 
and those wells have limited stratigraphic 
constraint. In general, the oldest Paleogene section 
deposited is Middle to Upper Eocene in age. 

 

mailto:herman_darman@yahoo.com
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Figure 1.  Simplified geologic map of Borneo Island, showing the distribution of the Paleogene units, well 
control points and study areas. 



  

Page 7 of 31 

  

Berita Sedimentologi  

Number 37 – February 2017 

 

Figure 2.  Stratigraphic scheme of the East Borneo Basins, 
modified after Netherwood, 2000. 
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Figure 3 shows a schematic cross section of the 
three basins in East Borneo, from the Barito Basin 
in the south to the Tarakan Basin in the north. The 
Adang Flexure separates the Barito from the Kutei 
Basin and the Mangkalihat Arch separates the 
Kutei from the Tarakan Basin. 
 
Regional cross sections in the north of the region 
were derived from regional offshore seismic 
sections, which provide a better regional view of the 
area, especially in the Tarakan Basin (Figure 4, 
after Sunaryo et al., 1988 and Noon et al., 2003).  
A key well for the Eocene section, shown in both 
sections in figure 4, is Bunyut-1. Noon et al. (2003) 
interpreted a series of horsts and grabens at the 
base of the basin. Sunaryo et al. (1988) showed a 
section which correlates the Paleogene of the Kutei 
with that of the Tarakan Basin, across the 
Mangkalihat High. A few wells in the south of the 
Mangkalihat High penetrated Oligocene and 
Eocene sections (e.g. Kariorang-1, NE Kariorang-1 
and Saka-1). In the Tarakan Basin, Karang Besar-
1, Segiti Tiga-1 and Bunyut-1 targeted the 
Paleogene interval but only Bunyut-1 encountered 
an Eocene section. 
 
Schematic paleogeographic maps of the Eocene and 
Oligocene are prepared based on subsurface data, 
works done by Daley (1993), Darman et al. (1996), 
outcrop works by Moss and Finch, 1997, and other 
additional in-house study reports. 
 
Eocene 
The Lower Eocene interval is covered by limited 
data, as many sections are missing, probably due 
to non-deposition and erosion, indicated by a major 
unconformity above Basement. The oldest 
paleogeographic map prepared in this study is for 
the Middle Eocene interval. Although the data is 
limited for this interval, previous studies have 
incorporated outcrop mapping data (e.g. Daly 1993 
and Darman et al., 1996). Apart from the challenge 
of little subsurface data, the dating of the interval 
is also an issue. Most of these sections have 
volcanics and/or fluvial deposits, which have 
insufficient fauna for accurate age-dating. 
  
The Middle Eocene, Tanjung Formation in the 
Barito Basin is dominated by a fluvial system, a 
syn-rift sequence which developed on top of the 
basement (Figure 5A). It is assumed that the lower 
braided river system is located more towards the 
depocentre of the basin, and later surrounded by 
an upper braided river system around the basin 
rim. The basin contains abundant coal layers, as 
reported by several authors e.g. Campbell et al. 
(1988) and Satyana (1995) indicated a swampy 
environment during deposition. 
  
In Upper Kutei Basin, the Middle Eocene interval is 
dominated by alluvial – fluvial deposit called the 
Kiham Haloq Formation (Figure 2), changing to a 
shale dominated interval of Mangkupa and Beriun 
Formations to the east (Figure 2; Moss & Finch, 

1997). Daly (1993) grouped the system into lower 
and upper braided river systems, indicating the 
proximal and distal parts, respectively, of the 
fluvial system. In the Tarakan Basin, the Middle 
Eocene section is dominated by volcanic clastic / 
tuffaceous units (Darman et al., 1996) with 
constrained stratigraphic control. 
 
The Upper Eocene paleogeographic map (Figure 5B) 
shows the Barito and Kutei basins were covered by 
more marine deposits during this time. In the 
Barito Basin, a coastal to marginal marine 
environment covered the northern part and 
gradually changed to a shallow shelf environment 
southwards. In general, the Kutei Basin was open 
to the southeast but the shallow shelf is separated 
by a ridge (interpreted by Wain and Berod, 1989) 
based on gravity data. This ridge was probably 
covered by coastal to marginal marine 
environments. Since most of the data are available 
from the basin rim, the facies distribution at the 
centre of the basin is interpreted. During the Upper 
Eocene, the Tarakan Basin opened eastward, with 
proximal deposits in the west and bathyal units in 
the east.  
 
Oligocene 
Figure 6 shows a schematic facies distribution 
during Upper and Lower Oligocene times. During 
the Lower Oligocene, the Barito Basin had coastal 
to marine deposits, but the regional facies 
distribution is poorly understood due to lack of 
data control (Figure 6A). A clastic system covered 
the northern part and a carbonate shelf occurred 
in the south. The Upper Kutei was dominated by 
shallow shelf changing to a bathyal system 
eastward, thus indicating an eastwards-opening 
basin. The Tarakan basin was covered by a coastal, 
stable carbonate shelf environment. The carbonate-
dominated Selor Formation was distributed widely, 
bounded by coastal to marginal marine facies belts 
in the west. 
  
In general there are limited data on the Barito 
Basin available to construct an Upper Oligocene 
paleogeographic map (Figure 6B). The northern 
part was covered by the Upper and Middle Berai 
carbonate formation with its edge at the NW-SE 
oriented Paternoster fault zone. The shallow shelf 
facies belt in the Kutei Basin is much narrower, 
possibly due to a relative sea level rise as suggested 
by Haq et al. (1988, Figure 2). Several reef build 
ups were identified on seismic and they are located 
in the outer shelf (Figure 6B). Saller and Vijaya 
(2002) reported the Kerendan Reef of Middle 
Oligocene age, based on their seismic studies. 
Maau-1 well in the north Runtu Block encountered 
a limestone interval (Guritno and Chambers, 1999). 
The basement ridge which separated the Upper and 
Lower Kutei Basin (Wain and Berod, 1989) is 
indicated on this map as a shallow shelf ridge with 
some carbonate buildups and volcanic deposits. 
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Figure 3.  Schematic geological cross section of the Barito, Kutei and Tarakan Basin, modified after Satyana et al. (1999). Green arrow and horizon indicates 
the top of Oligocene interval and brown arrow and horizon indicate the top of Eocene interval. 
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Figure 4.  A) A section across the northern part of Kutei Basin to the Tarakan Basin across Mangkalihat High. B) A geological section of the southern 
part of Tarakan Basin (Berau and Muara sub-basin). Green arrow and horizon indicates the top of Oligocene interval and brown arrow and horizon 
indicate the top of Eocene interval. 
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Figure 5.   

A) Middle Eocene 
paleogeographic 
map shows fluvial 
system dominated 
the eastern part of 
Borneo Island.  

B) Paleogeographic 
map shows the 
facies distribution 
in East Borneo 
Basins during the 
Upper Eocene. 
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Figure 6.  

A) Lower Oligocene 
paleogeographic 
map.  

B) Upper Oligocene 
paleogeographic 
map. 
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In the north of the study area, the majority of the 
Tarakan Basin was covered by shallow shelf 
deposits. This facies change to bathyal to the east, 
as the basin was opening eastward (Figure 6B). 
 
 
CONCLUSION 
 
The three basins in East Kalimantan, called the 
Barito Basin in the south, the Kutei Basin in the 
central part and the Tarakan Basin in the north, 
contain Paleogene sediments which range in age 
from Middle Eocene to Upper Oligocene. The 
paleogeographic map shows that the Middle Eocene 
is dominated by fluvial settings, while the Upper 
Eocene deposits were coastal to shallow shelf. 
Carbonates developed during the Lower Oligocene 
in the north and in the south, whilst the central 
part (Kutei Basin area) was dominated by shallow 
shelf to bathyal clastic environments. In the Upper 
Oligocene, the carbonate in the south developed, 
while the Kutei Basin was dominated by deeper 
marine settings, contrasting with the shallow shelf 
clastics which covered almost the entire Tarakan 
Basin. The paleogeographic environments 
interpretation can be understood better by 
integration with robust tectonic restorations 
(especially in areas which have undergone tectonic 
inversion), for each time period. More outcrop data 
may help in refining these paleogeographic maps, 
especially for the onshore Tarakan Basin, which 
needs further refinement with updated outcrop 
studies. Good integration with Sabah (Malaysia) 
studies will also probably bring a better geological 
understanding. 
 
 
REFERENCES 
 
Campbell, K., Sumbodo, I. D., Kusuma, I. and 

Davies, P. R., 1988. Barito Basin, 
Kalimantan, IPA 17th Annual Convention 
Post Convention Field Trip Guide Book 

Daley, T., 1993. Personal communication, in prep. 
Darman, H., Lentini, M., Fauzi, A. and Heriyanto, 

N., 1996. Tarakan Basin, Northeast 
Kalimantan; Petroleum Geology of 

Indonesian Basins 5, 1-36, Pertamina 
BPPKA 

Guritno, E.E. and Chambers, J., 1999. North 
Runtu PSC: The First Proven Eocene 
Petroleum Play in the Kutai Basin, IPA 27th 
Annual Convention & Exhibition 

Moss, S. and Finch, E.M., 1997. Geological 
Implications of New Biostratigraphic Data 
from East and West Kalimantan, Indonesia, 
Journal of Asian Earth Sciences, Volume 15, 
Issue 6, 15 December 1997 

Netherwood, R., 2000. The Petroleum Geology of 
Indonesia. In: ‘Indonesia 2000, Reservoir 
Optimization Conference’, Schlumberger 

Noon, S., Harrington, J. and Darman, H., 2003. 
The Tarakan Basin, East Kalimantan: Proven 
Neogene Fluvio-Deltaic, Prospective Deep-
Water and Paleogene Plays in a Regional 
Stratigraphic Context, IPA 29th Annual 
Convention Proceedings (Volume 1) 

Sunaryo, R., Martodjojo, S. and Wahab, A., 1988. 
Detailed Geological Evaluation of the 
Possible Hydrocarbon Prospects in the 
Bungalun Area, East Kalimantan, 17th 
Annual Convention Proceedings (Volume 1) 

Satyana, A. H., 1995. Paleogene Unconformities in 
the Barito Basin, Southeast Kalimantan: A 
concept for the Solution of the “Barito 
Dilemma” and a Key to the Search for 
Paleogene Structures, IPA 24th Annual 
Convention Proceedings. 

Satyana, A.H. and Silitonga, P.D., 1994. Tectonic 
Reversal in East Barito Basin, South 
Kalimantan: Consideration of the Types of 
Inversion Structures and Petroleum System 
Significance, 23rd Annual Convention 
Proceedings (Volume 1), 1994 

Satyana, A.H., Nugroho, D. and Surantoko, I., 
1999. Tectonic Controls on the Hydrocarbon 
Habitats of the Barito, Kutei, and Tarakan 
Basins, Eastern Kalimantan, Indonesia: 
Major Dissimilarities in Adjoining Basins, 
Journal of Asian Earth Sciences, Volume 17, 
Issues 1–2, February–April 1999, Pages 99–
122. 

Wain, T. and Berod, B., 1989. The Tectonic 
Framework and Paleogeography of the Upper 
Kutei Basin, Proceedings of the IPA 18th 
Annual Convention. 

 
 
 
 
 
 
 
 
 
 
 
 
 



  

Page 14 of 31 

  

Berita Sedimentologi  

Number 37 – February 2017 

Paleozoic – Mesozoic and Eocene Outcrops in the North 
Sumatra Basin and their Implication to New Exploration 
Play Concept  
  
Fatrial Bahesti 
PT Pertamina EP Sumatra Exploration. 
 
Corresponding author: bahesti@gmail.com  
 

 
ABSTRACT 

 

Paleozoic – Mesozoic and Eocene hydrocarbon plays in the North Sumatra Basin are still 
under-explored although they have been recognized for many years. The Paleozoic – Mesozoic 
play consists of Peusangan Group (Permian – Triassic) and Woyla Group (Jurassic – 
Cretaceous), which are overlain by Eocene – Early Oligocene Tampur carbonate/dolomite and 
onlapped by lacustrine Oligocene Bampo/Bruksah sediments. The Eocene play is represented 
by the Tampur Formation, which is a widespread carbonate/dolomite platform covering pre-
rift sediments in the basin. A new mature source rock layer and highly permeable secondary 
porosity were observed in the Eocene Tampur carbonate outcrops. This finding suggests a 
possible new petroleum system involving the Eocene Tampur Formation as both source and 
reservoir.  
 
Identifying a new play concept and petroleum system in the Paleozoic – Mesozoic and Eocene 
sediments of the North Sumatra Basin will have important implications for future exploration, 
because it may lead to discovering potentially large hydrocarbon accumulation within 
naturally-fractured and/or karst reservoirs. Paleozoic – Mesozoic and Eocene petroleum 
systems in the basin at the moment are a subject of an ongoing study incorporating outcrops, 
core and seismic data. 
 

 
Keywords: Tampur Formation, Peusangan Group, North Sumatra Basin, Paleogene 

 
 
INTRODUCTION 
 
Following the discovery of giant Arun Gas Field in 
1971, a significant effort has been made in 
exploration of Tertiary reservoirs, but this effort 
has not contributed significantly to increased 
reserves and production. Seismic acquisition and 
processing were conducted to help unlock the 
potential, but due to subsurface uncertainty, 
finding additional reserves in the Tertiary play is 
proving to be challenging.  
 
Recently, a different strategy was employed by the 
North Sumatra Basin Exploration Team of PT 
Pertamina EP (PEP), namely to find new play in 
stratigraphically deeper targets, especially within 
the Eocene Tampur Formation and a potential 
Paleozoic – Mesozoic play beneath the Tampur 
Formation (see also Bahesti et al., 2015). This 
article will review the potential of both plays in the 
North Sumatra Basin, based on outcrop 
observations in an area called East Sumatra Block 
at the southeastern border of the basin (Figure 1). 
The focus of the field work was on the Tampur 
Formation (Eocene) and older sediments (Late 

Paleozoic – Mesozoic). The Tampur Formation 
comprises very dense limestone, mostly mudstone 
and wackestone, and has very low primary porosity 
but is highly fractured and contains abundant 
vugular porosity.  
 
 
GEOLOGICAL SETTING 
 
SE Asia was subdivided into a number of terranes 
that are bounded by major faults (e.g., Mitchell, 
1981; Burnett et al., 1987; Metcalfe, 1992). These 
terranes have histories which are variably 
decoupled from that of their neighbours – meaning 
their contiguity today is no guarantee of proximity 
in the past. The Sibumasu terrane comprises much 
of the western part of the Malay Peninsula, 
extending southwards into Sumatra (Indonesia) 
and northward into West Thailand and Burma. It is 
bounded to the east by Bentong-Raub suture and 
to the west by Woyla Nappe terrane (Figure 2). Here 
we review evidence of Paleozoic – Mesozoic 
sediments assigned to the Sibumasu terrane as 
observed on outcrops and from subsurface data.

mailto:bahesti@gmail.com
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Figure 1.   
Northern Sumatra 
topography, with 
Tertiary and pre-
Tertiary Units. The 
study area is located 
within the East 
Sumatra Block. 
 

 

 

 

Figure 2.   
Simplified pre-Tertiary 
terranes distribution 
map of Sumatra and 
Peninsular (East) 
Malaysia (Barber et 
al., 2005). 
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Pre-Tertiary rocks were observed in the Tampur 
River, Bohorok River and the Bukit Lawang Area. 
Cameron et al. (1980) divided the pre-Tertiary 
stratigraphy in Sumatra into 3 major groups, the 
Tapanuli, Peusangan and Woyla Groups (Figure 3). 
The Pre-Tertiary sediments in the Tampur River 
were identified as interbedded breccia with 
polymict detrital rock consisting of fragments of 
quartz arenites and slates. They are part of the 
Peusangan Group that is exposed at the surface. 
The Peusangan Group also consists of Triassic 
Batumilmil limestone and sandstone, shale and 
chert of the Kuala Formation.  
 

 
 
 
 
 
 
 
The oldest Tertiary rock in the basin is the Tampur 
Formation, which was originally called Tampur 
Limestone by van Bemmelen (1949) and was also 
discussed by Cameron et al. (1980) and Bennet et 
al. (1981). The formation consists of massive 
recrystallized limestones and dolomites with chert 
nodules. The unit also has basal limestone 
conglomerate and includes biocalcarenites and 
biocalcilutites. The Tampur Limestone was 
observed in the Tampur River, Tamiang area and 
Bukit Lawang area. Van Bemmelen (1949) reported 
corals and coaly plant remains, and algal 
laminations may be seen in outcrops within the 
gorges of the Tampur River. 
 
(Editor’s Note: The name Tampur Formation has 
been used for carbonates at the base of the 

Oligocene rift-section clastics in the North Sumatra 
Basin (Collins et al., 1996). The formation is named 
after limestone outcrops along the Tampur River in 
Aceh and its age was initially viewed as Pre-
Tertiary ('Tampoer Formation; 'T Hoen, 1922). 
Nowadays the age of the Tampur formation 
is commonly reported as Eocene (Caughey and 
Wahyudi 1994, Ryacudu and Sjahbuddin 1994, 
etc.) or Early Oligocene (Cameron et al. 1981). 
However, biostratigraphic evidence for these ages 
has never been documented. Although Eocene 
Nummulites limestone is present near the Ombilin 
Basin in West Sumatra, they look different from 
Tampur Limestone. An alternative explanation is 
that the basal carbonates in some North Sumatra 
wells are equivalent of the basal carbonate in the 
Singa Besar-1 well, just across the Malaysian 
border in Malacca Straits, which has a well-
documented Middle-Late Permian age (with 
foraminifer Shanita and other Permian fauna; 
Fontaine et al., 1992). See also Primadi, 2013). 
 
 
DATA AND METHOD 
 
Surface geological mapping was conducted in 
2014, covering the study area from NW to the SE. 
The field mapping was done mostly along rivers 
such as the Tamiang River, Besitang River, Bukit 
Lawang and also Bohorok area (Figure 4). Outcrop 
samples were also taken during the geological 
mapping and the rock samples were subjected to 
laboratory analysis. In order to evaluate source 
rock potential, geochemical laboratory analysis was 
done on rock samples from the Tampur Formation.  
 
The resulted geological map and laboratory 
analysis have been used in re-evaluating 
structural-stratigraphic evolution and hydrocarbon 
prospectivity of the Eocene and Paleozoic – 
Mesozoic sediments in the North Sumatra Basin. A 
flattened geological section on top Eocene has 
revealed the paleogeography of carbonate platform 
development during the depositional period of 
Tampur Formation. The new outcrop data have re-
defined both structural and stratigraphic trends of 
Paleogene to Pre-Tertiary rocks, which is useful for 
building a new geological model.  
 
 
RESULT AND DISCUSSION 
 
Tampur Formation (Eocene?) Play 
Potential hydrocarbon exploration targets within 
the Tampur Formation include reefal buildups, 
fractured anticlines and karstic debris (Ryacudu 
and Sjahbuddin, 1994). The reefal buildup has 
been penetrated in existing deep wells such as 
Benggala-1. The outcrop of Tampur limestone at 
the Tamiang River is dominated by highly 
fractured, massive limestones (Figure 5). 

  

Figure 3.  Pre-Tertiary stratigraphic units in 
Sumatra (Cameron et al., 1980). The Peusangan 
Group consists of Triassic and Permian 
sedimentary and volcanic rocks. 
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Figure 4.  Field geological obervation track map in North Sumatra and Aceh province. 
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Paleo-depositional setting of the Tampur Formation 
was a widespread carbonate platform that 
developed during early Eocene “passive margin” 
phase, which was a period just before a major 
tectonic change in Sumatra. The onset of the 
tectonic change was interpreted from volcanic 
activities in the Barisan Mountains, which was 
recorded in the Late Mid-Late Eocene Breueh 
Volcanic Formation in the northern part of 
Sumatra (Cameron et al., 1980). The Tampur 
Formation was most likely deposited in a shallow 
water setting based on a reconstructed structural 
model. However, its precise bathymetry cannot be 
resolved from biostratigraphy analysis (it could be 
inner to middle sublitoral). Laboratory analysis 
indicates that calcareous nannofossils and pollen 
are present in the limestones. 
 
Geochemistry analysis indicates that the lagoonal 
facies of Tampur Formation contains mature, 
organic-rich shales. The shales have potential to 

generate hydrocarbon, therefore they can be a 
source rock. At the moment, existing data is still 
limited to provide evidence for a working Eocene 
petroleum system, however this potentially new 
source rock must be taken into consideration in 
the future.  
 
Late Paleozoic-Early Mesozoic Play  
Hamilton (1979) suggests that Sumatra was rifted 
from the northern edge of Australia (north of New 
Guinea) during the Triassic to Early Jurassic (ca. 
200–250 Ma). Sumatra would have been part of a 
stable continental margin until subduction began 
in the Cretaceous (possibly ca. 100 Ma). Due to its 
tectonic development, it is possible to synthesize 
the pre-Tertiary basin of North Sumatra as part of 
the Sibumasu terrane that potentially was in 
passive margin phase during Permian to Triassic. 
The extent of this Pre-Tertiary basin is unknown 
because there is no way of recognizing it within 
relatively thick sediment strata. 

Tampur River valley

Figure 5.  Tampur Formation outcrops at the Tamiang River, Aceh. 
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Proven Pre-Tertiary  petroleum systems with 
discoveries in Permian Ratburi Limestones of 
onshore Thailand and Triassic Plover Formation in 
NW Australia can be used as analogue plays to the 
Pre-Tertiary sequences in Sibumasu terranes of the 
North Sumatra Basin (Figure 6). The equivalent 
Permian and Triassic rocks in North Sumatra are 
found within the Peusangan Group, which is also 
exposed in ouctrops. The Peusangan Group 
includes the Batumilmil Formation, which is 
composed of at least four lithologies including (from 
bottom to top) red dolomitic limestone, light grey 
limestone with crinoid fossils and vein, dark gray 
limestone with veins, and black mudstone at the 
top. K-Ar dating of Batumilmil Limestone from Gua 
Batukatak shows an age of 240.9 ± 7.3 Ma (Early 
to Middle Triassic). Based on interpretation on 
Northern Sumatra geological map and paleontology 
analysis of crinoid fossil, the age of the formation is 
Early Permian to Early Triassic (Bachtiar, 2014).  
 
The Pre-Tertiary sediments at Tampur River were 
identified as interbedded breccia with polymict 
detrital rock consisting of fragments of quartz 
arenites and slates. The outcrop is interpreted as 
part of the Kluet Formation, while the Pre-Tertiary 
sediments at Bohorok River (type locality of 

Bohorok Formation) comprise pebbly mudstone 
and polymict of igneous and sedimentary rock 
fragments (Figure 7). Cameron et al. (1980) 
suggested the Bohorok Formation was deposited in 
a glaciomarine environment during Early – Middle 
Carboniferous, while Barber et al. (2005) 
interpreted the age of the Kluet Fm. as also 
Carboniferous. 
 
In Mesozoic time, Earth had a more widespread 
tropical climate where the plankton were abundant 
in the ocean. The ocean bottom was stagnant and 
anoxic, unlike it is today. The organic-rich muds 
were accumulated to form source rock layers in the 
basin (Figure 8). Our interpretation identified 
multiple Paleozoic – Mesozoic play types that are 
potentially oil bearing and sourced from the 
Jurassic to Eocene level (Figure 9). These include 
carbonate platform margin reefs sealed by 
transgressive Tampur limestone and Tertiary 
clastics; marl-sealed karstified structures and 
lowstand high energy fans in addition to deep water 
carbonates of Kluet Formation. The pebbly 
mudstone of Bohorok Formation could also be a 
potential source(?) & reservoir(?) when it was 
deformed by major tectonic between Tertiary and 
pre-Tertiary (K-T boundary). 

  

 
 
 
Figure 6.  Comparison of the Carboniferous, Permian, and Triassic sequences in the Sibumasu terranes 
(Barber et al., 2005). The Permian Ratburi Limestones are proven gas reservoirs in onshore Thailand, 
while Triassic rocks are also proven gas reservoirs in NW Australia. 
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Figure 7.  Pre-Tertiary 
outcrops of Kluet Formation 
(A) at the Tamiang River 
and Bahorok Formation (B) 
in Bohorok area. 
 

Figure 8.  Earth 
climate system 
during Mesozoic 
age (Stanley, 
2005). 
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CONCLUSIONS  
 
Hydrocarbon potential has been proven in the 
Eocene? Tampur Formation based on gas tests in 
highly fractured carbonates (e.g. Glagah-1 & 
Salem-1 wells). The geological model suggests a 
concept of carbonate platform deposition that was 
conformable with younger, local lagoonal facies, 
which could be good source rock in generating and 
expelling hydrocarbon to migrate into Tampur 
fractured carbonate. Although Paleozoic – Mesozoic 
sediment may consist of highly tectonized 
metasediments and are generally tight and have 
low probability of hydrocarbon accumulation and 
preservation, the Carboniferous, Permian, and 
Triassic sequences in the Sibumasu terranes in 
North Sumatra could be analogues of Thailand and 
NW Australia proven hydrocarbon plays. Outcrop 
observation and its ties to seismic have supported 
the concept of a passive margin pre-Tertiary basin 
in North Sumatra’s Sibumasu terrane. 
 
Paleogene synrift lacustrine fan/delta deposits in 
western Indonesia basins have been recognized as 
having high reservoir potential (e.g. Noeradi et al., 
2005; Eubank and Makki, 1981). In the Central 
Sumatra Basin for instance, lacustrine fan/delta 
reservoirs have been explored and produced 
sporadically even though its reservoir 
characteristics, both geometry and quality, is still 
inadequately understood (Waren et al., 2015). 

Similarly, this lack of understanding also occurs in 
the Ombilin Basin, which has promising 
exploration targets in the synrift deposit (Noeradi et 
al., 2005). It is believed that synrift lacustrine 
fan/delta reservoirs in both basins will play an 
important role in the future. 
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INTRODUCTION 
 
The North Sumatra Basin (NSB) is located on the 
western part of Sundaland and covers 
approximately 60,000 km2 of onshore and offshore 
regions (Figure 1). With over 100 years of 
production, North Sumatra Basin is one of 
Indonesia’s most prolific sedimentary basins. As 
stated by Meckel (2012), 25 trillion cubic feet (TCF) 
of discovered gas reserves (equal to 4.5 billion 
barrels of oil equivalent, BBOE) and approximately 
1.5 BBOE of oil and condensate reserves confirmed 
this basin as the third largest hydrocarbon-
producing basin in Indonesia, after Central 
Sumatra and Kutei Basins, respectively. 
 
The first hydrocarbon discovery was Telaga Said 
Field in 1885 (Figure 2). Since then, remarkable 
findings (e.g. Rantau, Arun, NSO A, Lhok Sukon A, 
etc) contributed to the considerable amount of oil 
and gas reserves. From 1985 onwards, drilling 
activity in the North Sumatra Basin was stagnant 
due to volatile geopolitical and geological condition 
in Aceh. A variety of underexplored plays still 
remain in the basin, especially from Paleogene and 
pre-Tertiary age. 
 
 
TECTONIC EVOLUTION 
 
Tectonic deformation in the North Sumatra Basin 
is subdivided into four periods (Davies, 1984), 
which is shown in Figure 3.  
1. In Early Eocene to Early Oligocene, the 

northward movement of the Greater Indian 
Landmass along major Indian Ocean transform 
fault triggered rapid strike-slip motion along the 
west coast of Sumatra. This resulted as major 
right-lateral wrench faults along western 
boundary of Sunda Microplate. North – south 
weakness lines greatly influence subsequent 
deformation. 

2. During Late Oligocene to Early Miocene, N-S 
trending major wrenches had rotated counter-
clockwise due to Sunda Microplate movement, 
which also led to the separation of Sumatra from 
Malay Peninsula. Meanwhile, the formation of 
North Sumatra Basin was accommodated by a 
series of right and left stepping, right-lateral 
wrench faults. 

3. Regional uplift in the Middle Miocene was 
observed by the reactivation of older horst and 

grabens in North Sumatra Basin and widespread 
erosion led to regional unconformities. This 
coincided with the incipient of sea floor 
spreading in Andaman Sea. 

4. Two major compressive stresses occurred in the 
North Sumatra Basin during Late Miocene to 
Recent. 

 
However, It is still debatable whether the basin was 
created by pull-apart or by rifting of an Eocene 
extensional force. The variety of depth and 
structural style in the sub-basins imply different 
styles and mechanisms of basin formation. At 
larger scale, among a series of back-arc basins in 
Sumatra, North Sumatra Basin has distinctive 
north-south trending grabens, which are not seen 
in Central Sumatra Basin (CSB) and South 
Sumatra Basin (SSB). This implies that these back-
arc basins can’t be interpreted to be formed from a 
same mechanism. 
 
We suggest that the N-S oriented Paleogene faults 
were influenced by pre-existing weak zones in the 
basement before rifting because a series of strike-
slip that had existed since Cretaceous (e.g Khlong 
Marui and Ranong Faults). These major strike-slip 
faults were suture zones in pre-Cenozoic, which 
were terrane boundaries (Hutchison , 2014). In the 
Eocene rollback of Indian Plate subduction, rifting 
trend followed the N-S weak zone. Consequently, it 
is seen in the North Sumatra Basin as N-S trending 
grabens.  A speculative analysis upon the north-
south trending grabens in North Sumatra Basin 
has been collected through above explanations and 
need further studies. Still, it is certain that Pre-
Tertiary structural fabric had been an important 
control in basin formation and deformation.  
 
 
STRATIGRAPHY 
 
The stratigraphic chart of North Sumatra Basin is 
shown on Figure 4. The Pre-Tertiary basement of 
North Sumatra Basin includes sedimentary rocks, 
metasediments, and igneous rocks (Caughey and 
Wahyudi, 1993). Unconformably overlying the 
basement are the Paleogene (Late Eocene to Early 
Oligocene) Tampur and Meucampli Formations. 
Age dating issue of Tampur and Meucampli 
Formation had been reported by Barber et al. 
(2005), based on its stratigraphic position and 
regional correlation. 

mailto:rickyandriantampubolon@gmail.com
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Figure 1.  Regional present day basement structure of Sumatra (Pubelier and Morley, 2013). Inset map is a zoom-in of North Sumatra depth-to-basement 
map showing structural features and their orientations (modified after Anderson et al., 1993). 
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Figure 2.  North Sumatra Basin exploration history (after Meckel, 2012). 

Figure 3.  Development along the trailing edge of Sunda Microplate (Davies, 1984). 
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Figure 4.  Northern Sumatra Lithostratigraphy (modification after Ryacudu et al., 1992). 
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Paleogeography model by Barber et al. (2005) 
illustrated that during in Eocene to Early 
Oligocene, North Sumatra Basin was a continental 
margin, rather than a rift basin. During that time, 
Sundaland was in a cratonic stage and the 
environment was more deeper to the northern part 
of North Sumatra Basin. This is the reason why the 
North Sumatra Basin is the only basin in Sumatra  
back arc basin that contains Eocene shallow 
marine limestone. 
 
During Paleogene, in the North Sumatra Basin, 
marine influences persisted, but elsewhere the 
horst and graben stage is represented 
stratigraphically by alluvial fans and fluvial 
sediments that pass laterally into lake deposits. 
Alluvial fans and fluvial deposits are 
sedimentologically immature 
and characteristically contain clasts of granite and 
metamorphic rock derived from the nearby 
basement (Barber et al., 2005) 
 
 
PALEOGENE  PETROLEUM SYSTEM 
 
The North Sumatra Basin is currently producing oil 
and gas, therefore the petroleum system is working 
and complete. Average geothermal gradient of the 
North Sumatra Basin is 45°C/km (Ryacudu and 
Sjahbuddin, 1994) in the synrift kitchens including 
Pase Deep, Lhok Sukon Deep, and Tamiang Deep. 

 
 
 
 
 
 
 
 

The Paleogene sediment within the syn-rift is very 
important because mainly they are prolific source 
rock which had reached oil and gas maturity 
window. The thickness of the Paleogene sediment is 
greatly influenced by basement paleotopography 
and its distribution is controlled by North-South-
oriented graben (Figure 5). Most of the Paleogene 
source rocks have low Hydrogen Index (Type III) , 
hence expelled predominantly gas with minor oil 
(Figure 7).  
 
The shallower depocenters in the south around 
Gurami sub-basin and Tamiang Deep still produce 
some oil onshore. The oil may be over cooked in the 
deeper depocenter in the north (e.g. Jawa and Lhok 
Sukon Deep), therefore gas accumulations 
dominate this area. 
 
It is still interesting that the Paleogene sediment 
also have reservoir potential. The hydrocarbon 
sourced from the Pre-Tertiary section below or 
within the Paleogene sediment itself. The Tampur 
Formation, overlying the basement high can have 
potential reservoir within fractured dolomite. The 
seal capacity reported by Fuse et al. (1996) is 
showing that Bampo and Peutu mudstones (shale) 
deposited in Upper Oligocene to Lower Miocene, 
have high sealing capacities. These mudstone 
formations are excellent seals for Paleogene 
reservoirs, such as the Tampur Formation. 
Banukarso et al. (2013) reported that in the 

northern part of the basin, the 
Paleogene syn-rift sediment was 
significantly inverted, which potentially 
created trap for hydrocarbon. 
Consequently, the Paleogene sediment 
in the North Sumatra Basin have a 
complete petroleum system element. 
The summary of Paleogene petroleum 
system of can be seen in Figure 6. 
 
Ryacudu and Sjahbuddin (1994) 
revealed that Tampur Formation can 
be reservoir and some wells 
penetrating these formation have 
yielded significant hydrocarbon. 
However there are problem with  
significant amount H2S and CO2. The 
CO2 can reach 50%, but the origin of 
CO2 is still unclear. The hydrocarbon 
oil and gas in Tampur is sourced from 
Lower Baong Shale.  There are at least 
three play type within the Tampur Fm. 
as suggested by Ryacudu and 
Sjahbuddin (1994), which consist of: 1) 
Reefal buildups; 2)Fractured anticline, 

and 3) Karstic debris. The play cartoon of Tampur 
can be seen in Figure 8. In Alur Siwah-8, this 
formation tested 6.8 MMSCF per day (Barliana et 
al. 2000). 
 
A recent study by Sijabat et al. (2016) shows that 
the hydrocarbon in Tampur Fm. can be sourced 
from Pre-Tertiary rocks, including Jurassic-

Figure 5.  Shaded area is the regional distribution 
of the Paleogene sediment in North Sumatra Basin 
which is controlled by Paleogene Faults. There are 
two sub-basins which are the depocenter of the 
sediment. In the northern part the sub-basin is 
deep whereas in the southern part, the sub-basins 
are generally shallower compared to the northern 
part  (after Anderson et al., 1993). 
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Figure 6.  Petroleum play cartoon in the North Sumatra Basin (after Meckel, 2012). 

 Figure 7.  Hydrogen 
Index vs. Oxygen Index of 
Lower Baong, Belumai, 
Bampo and Peutu shales 
(after Sjahbuddin & 
Djaffar, 1993 and Buck 
& McCulloh, 1994). 

 

Figure 8.  Play cartoon showing hydrocarbon accumulation in Tampur Formation (after Ryacudu and 
Sjahbuddin 1994 ). 
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Cretaceous shales.  The Pre-Tertiary source rock 
shows  good organic richness, with TOC ranging 
from 1.3-2.1 wt% and is classified as Type III 
kerogen.  
 
 
CONCLUSION 
 
Despite being a mature basin, significant 
hydrocarbon play may still remain in the Paleogene 
interval of the North Sumatra Basin. 
Unfortunately, better understanding of this 
petroleum system will require more data and 
studies. It is necessary to have more sampling 
control to measure quality and quantity of source 
rock in the Paleogene sediment. Seismic imaging 
for deeper section will also help to understand the 
reservoir distribution. It is necessary to conduct 
more precise dating in the syn-rift sediment for 
holistic understanding of hydrocarbon habitat and 
tectonic evolution in North Sumatra Basin.  
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