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ABSTRACT 
 
The Merapi district is located in the South 
Palembang Sub-Basin of the South Sumatra Basin. A 
compressional phase during Middle Miocene – 
Pliocene created a fold and fault in the surrounding 
area. The Air Benakat and Muara Enim Formation 
are the main subject of this research.  
 
Field observation, studio and laboratory analysis 
were used to discover the facies analysis of the 
Neogene deposit. Optical properties and organism 
track were used to understand the environment of 
rocks once they were deposited. The Air Benakat 
Formation was initially a regression deposition in the 
basin, overlain by the Muara Enim Formation. The 
rocks stacking pattern of the Air Benakat Formation 
show a tidal influence in a deltaic system 
environment. An authigenic minerals of glauconite 
indicates there was a sudden lateral shifting of facies 
from delta to shallow marine due to the fluctuation 
of sea level.  
 
Sandstone of Muara Enim Formation was deposited 
in fluvio-deltaic environment which characterized as 
a coarsening upward sequence. The plant organism 
represented by thick carbon-rich coal is characterized 
as a delta plain environment with  high sulphur 
content. It shows a landward lateral shifting facies 
from transitional to fluvio-deltaic environment but 
still influenced by a tidal system. Both formations 
were controlled by an anticlinorium system which 
was generated by a third compressional phase known 
as a Muara Enim Anticlinorium. This anticlinorium 
has a role as a trap system for hydrocarbons and the 
Upper Air Benakat Formation which is highly thick 
with an impermeable layer that therefore could act as 
a seal for hydrocarbons. The relation of deposition 
setting and structural configuration result in the 
Merapi district having high potential for 
hydrocarbon exploration. Further research in this 
Late Neogene deposit is required to fullfill the 
advanced exploration that is required. 
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INTRODUCTION 
 
The Merapi district (Figure 1) is located in the South 
Palembang Sub-basin which is known as one of the 
productive oil producers in the South Sumatra Basin 
(Sarjono, 1989) and stratigraphycally consists of 
Tertiary deposits. In this research area, the Air 
Benakat Formation and Muara Enim Formation are 
observed as a regression deposit in the South 
Sumatera Basin (De Coster, 1974). The Muara Enim 
Anticlinorium (De Coster, 1974) is known as a 
structural trap for hydrocarbon and a compressional 
phase during Middle Miocene – Pliocene created a 
fold and fault in the surrounding area (Pulonggono, 
1992). 

 
The Lower Air Benakat Formation consists of 
sandstone which has a potential reservoir which was 
deposited in a deltaic environment where the 
claystone of the Upper Air Benakat Formation acted 
as a seal and was trapped by the Muara Enim 
Anticlinorium. In the same way, the sandstone of the 
Muara Enim Formation also has a good reservoir. 
The outcrop has been recorded in the separating area 
from East to South of the Merapi District. Boyd and 
Peacock, 1986, said that Air Benakat and Muara 
Enim Formation was deposited in a deltaic 
environment. 

 
The aim of this research is to determine the facies of 
depositional setting of the Merapi area and their 
relation to the petroleum system from a regional 
point of view. Further research is necessary to 
develop the potential for the occurrence of 
hydrocarbons in the Merapi area. The Air Benakat 
Formation and Muara Enim Formation on Late 
Neogene which were deposited in a deltaic 
environment could become a target for oil 
exploration by an oil company. 



 

METHODS 
 
This research was done by field observation of the 
Air Benakat Formation and Muara Enim Formation. 
The samples were then analyzed with petrography 
and micro fossils to determine the facies and the 
structure was measured to match the tectonic event. 
The result was then compared with previous work to 
reveal the hydrocarbon potential in the Merapi 
district. 
 
FACIES AND PALEOENVIRONMENT 
 
Observed lithofacies in the area are dominated by 
suspesion deposit and coarse fraction which contain 
micro and macro fossils, indicating a marine to 
continental environment showing a coarsening 
upward pattern. The Upper Air Benakat Formation is 
dominated by claystone interbedded with siltstone 
and interpretated as a lower to upper delta 
environment. The Lower Air Benakat Formation is 
dominated by sandstones with composition of 
mineral glauconite and foraminifera, indicated as 
lower delta with associated marine environment. The 
presents of Globigerinoides primordius, 
Globorotalia siakensis, Orbulina universa, and 
Globigerina praebulloides indicate the age of the 
Lower Air Benakat Formation is about Middle 
Miocene – Late Miocene (zone of N13 to N15) based 
on paleontology analysis. The Muara Enim 
Formation is dominated by sandstone interbedded 
with claystone and coal, interpretated as an upper 
delta to fluvial environment. Composite stratigraphy 
coloum (Figure 2) shows that there are 6 facies 
observed, i.e. distributary channel, interdistributary 
bay, tidal flat, delta plain, delta front, and pro delta. 
 
Pro Delta 
 
Delta front associated with marine influence was 
found as a thick claystone with sandstone 
intercalation. The presence of mineral glauconite in 
sandstone indicate a shallow marine deposit as 
maximum flooding surface sequence while 
bioturbation and shell fossils are characteristics of 
pro delta facies. The outcrop of this facies is about 
14 meters in thickness and known as Facies 1 
(Figure 2, Figure 3 and Figure 8). 
 
Delta Front 
 
The Delta front comprises thick claystone with an 
abundance of shell fossils. The structure wavy 
lamination was also found to indicate influence of 
tidal current. This delta front has 12 meters 

thickness and is shown as Facies 2 (Figure 2, Figure 
4, and Figure 8). 
 
Tidal Flat 
 
Repetition of claystone and siltstone also a structure 
of flaser, wavy and lenticular bedding was examined 
as a tidal flat deposit. The presence of coal upon it 
has become a transition from tidal flat to landward 
facies. Tidal flat has 7 meters of thickness and is 
shown as Facies 3 (Figure 2, Figure 5 and Figure 9). 
 
Interdistributary Bay 
 
Coal and claystone interbedded with coal is the 
characteristics of interdistributary bay facies. The 
sequences were deposited in the distal part of the 
facies. The repetition of claystone and coal was 
influenced by eustasy. The thickness of the outcrop 
is approximately up to 10 meters and is shown as 
Facies 4 (Figure 2, Figure 6, and Figure 10). 
 
Distributary Channel 
 
The Distributary channel was observed as a fining 
upwards and cross bedding sandstone with erosional 
base and iron oxide. This sandstone is dominated by 
coarse quartz and petrographically named as quartz 
arenite where the source is derived from continental 
rocks. The outcrop thickness is up to 15 meters and 
written as Facies 5 (Figure 2, Figure 7, and Figure 
11). 
 
Delta Plain 
 
Delta plain comprises of sandstone and coal 
associated with fluvial deposit. This sandstone 
deposit is believed to be a deposition environment of 
the Lower Muara Enim Formation. The outcrop is 
about 18 meters in thickness and is shown as Facies 
6 (Figure 2, Figure 7, and Figure 11). 
 
STRUCTURE CONFIGURATION 
 
The Merapi district area was controlled by Muara 
Enim Anticlinorium which was generated by plio-
pleistocene deformation (Pulunggono, 1992). The 
anticline and the syncline fold spread over the north 
to the south of the research area. During this phase, 
there was no sedimentation that occurred in the 
surrounding area. The local folds have a similar trend 
with the regional anticlinorium with axial fold E-W. 
 
PETROLEUM SYSTEM 
 
The assessment of hydrocarbon potential was 
combined between stratigraphy, structure and by 



 

reference to the existing wells. The existing well 
Arahan–1 and Banjarsari-1 by Pertamina 
(Courteney, et.al., 1990) (Figure 12) showed a total 
depth up to 1052 m penetrated into the Air Benakat 
Formation which is believed to be Lower Air 
Benakat sandstone. 
 
Reservoir 
 
The storage of hydrocarbons should meet the 
requirement which is that it must have good porosity. 
The shallow marine with associated deltaic facies 
sandstone of the Lower Air Benakat Formation has a 
capability to be a hydrocarbon reservoir. The 
porosity measurement of  sandstone has been 
classified into good porosity of up to 25 %. 
 
Seal 
 
Seal or cap rock is used to keep hydrocarbons 
underneath the surface. The rock should be 
impermeable to hold down the hydrocarbons. 
Claystone is a proper rock to take that role. The 12 
meters of Upper Air Benakat claystone in this area 
has a seal potential of keeping hydrocarbon in the 
Lower Air Benakat sandstone reservoir.  
 
Trap 
 
Anticline is a well known structural trap in petroleum 
systems. The Anticline of Suban Kladi, Banjar Sari 
and Tanjung Lontar (Figure 12) in the Merapi district 
acted as a structural trap for the Arahan-1 and 
Banjarsari-1 wells. These folds are a series of Muara 
Enim Anticlinorium. 
 
CONCLUSION 
 
The Merapi district area was built by a deltaic tidal 
influence environment during Middle Miocene until 
Late Miocene. There are six deltaic facies i.e (pro 
delta, delta front, tidal flat, interdistributary bay, 
distributary channel, and delta plain) that associated to 
a shallow marine and fluvial environment. Geology 
resources such as coal and petroleum were identified 
and are being explored and exploited. The reservoir 

and seal has been regconized based on their facies as 
one whole formation of the Air Benakat Formation 
while the trap is anticline series of Muara Enim 
Anticlinorium. Multiple deeper wells are needed to 
understand the distribution of the sand reservoir of the 
surrounding area and also to penetrate the basement as 
a new play for hydrocarbon exploration. 
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Figure 1 - Merapi District located in Lahat Regency where the black square is the main research area. 
 



 

 
 
Figure 2 - Composite stratigraphy of Air Benakat and Muara Enim Formation. The stratigraphy showing a 

sequece of sedimentation and it’s related facies through Late Neogene. 
 

 
 
 



 

 
 
Figure 3 - The outcrop of Pro Delta facies showing sandstone with shell fossils and present of bioturbation. 
 
 
 

 
 

Figure 4 - The outcrop of Delta Front with abundance of shell fossils. 
 



 

 
 

Figure 5 - Sandstone of tidal flat with wavy lamination. 
 

 

 
 
Figure 6 - The outcrop comprises of sandstone, claystone, shale, and coal as a pattern of Interdistributary Bay 

facies. 



 

 
 
 
 
 
 

 
 

Figure 7 - Coal mine in Merapi is recognized as a distributary channel and delta plain. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
 
 
 
 
 

 
 

Figure 8 - Block model of pro delta and delta front (Bhattacharya, 2006 (Modification)). 
 

 
 
Figure 9 - Block model of tidal flat (Nichols, 2009). The red square is the similiar model of the research area. 



 

 
 
 
 
 

 
 

Figure 10 - Block model of interdistributary bay (Nichols, 2009). 
 
 



 

 
Figure 11 - Block model of distributary channel and delta plain (Bhattacharya, 2006 (Modification)). 

 
 

 
 
Figure 12 - Line section of structural trap in research area (Courteney, 1990). The anticline such as Suban 

Kladi, Banjar Sari, and Tanjung Lontar were the main target of exploration. 


