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ABSTRACT 

Menggala Formation has been long recognized as high-quality oil bearing sand and favorable reservoir in 

Central Sumatera Basin (CSB). Regionally, this formation is unique in characteristic, distribution and has not been 

thoroughly evaluated during early exploration and development. This paper aims to explain elaborately the new 

stratigraphic feature and regional paleogeography model of Menggala Formation throughout Balam grabens by 

integrating cores, biostratigraphy, water salinity, well log and 2D seismic image to better understand regional 

stratigraphic play concept. Lower Menggala Formation in the northern Rokan Block has been identified as the large 

scale of fluvial channel system that deposited parallel with Paleogene border fault remnants during early post-rift 

phase (22-25 million years ago). The fluvial channel belt is characterized by 4 to 5 km width, thick multi stacking 

fluvial sequence in the north and gradually change into river mouth sediment in the south. These sediments 

accumulated in depression area and also proven as huge productive reservoir in many fields. The north-south 

trending channel axis and geo-bodies confirmed by paleo bathymetric zonation, water salinity and 2D seismic 

image. The new paleogeography model helps better understanding of the regional stratigraphic concept of Menggala 

Formation across Balam grabens. In addition, this conceptual model also leads to strengthen the future exploration 

and development play concept within study area in Rokan Block. 

Keywords: Rokan Block, Menggala Formation, fluvial channel system, paleogeography 

 

 

INTRODUCTION 

The area of study covers the Balam 

Graben, Central Sumatra Basin (CSB) which 

have 70 km length by 10 km width with NNW 

trending graben [1]. The Menggala Formation 

is part of Lower Sihapas Group deposited 

during early post rift. The Sihapas group 

generally characterized by thick sediment, 

with predominantly quartz sandstone, which is 

widely distributed across the CSB [2]. 

The Lower Menggala Formation as 

discussed in this paper was interpreted as a 

regional scale of massive fluvial systems 

drainage along Balam Graben remnant from 

the Malayan Shield and change into intertidal 

system to the south [3]. Thick Menggala 

fluvial sequence has been proven to contribute 

hydrocarbon accumulation in many fields, 

more than twenty oil fields have been 

discovered with approximately more than 4 

BBO oil in place in this sub-basin [1]. By 

incorporating more additional data in Balam 

Graben, further updates of paleogeography 

model can be developed.  

 

REGIONAL TECTONICS 

CSB is mostly associated with fault block 

compartmentalization, transtensional to 
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transpressional system, compressional folding 

and uplift [4]. The tectonostratigraphic events 

were grouped into four phases: 1) Pre-Rift 

Phase (F0) in Late Paleozoic to Mesozoic 

which formed the basin’s basement; 2) Syn-

Rift Phase (F1) in the Eocene to Oligocene 

during an extensional syn-rift regime; 3) Post-

Rift Phase (F2) in the Early to Middle Miocene 

with basin sagging regime; and 4) Uplifting 

and Inversion Phase (F3) in the Late Miocene 

to recent during a compressional regime [5]. 

The Balam graben has been divided into 3 

sub-grabens (Figure 1): North Balam Graben, 

Central Balam Graben and Rangau Graben [1]. 

The north Balam Graben has NW-SE trend 

bounded by Jakun border fault in the west and 

Antara Accomodation Zone (ANAZ) in the 

south. 

 
Figure 1. Tectonic framework of Balam Graben [1]. 

 

The northern graben actually linked to the 

Central Balam Graben through Jakun Fault. 

The central graben bounded by Balam-

Manggala Border Fault with N-S trend. This 

graben is also deeper compared to north Balam 

due to full graben system which involved 

ANAZ as north boundary during the earliest 

Post-Rift Phase (Late F1 to F2). This episode 

was characterized by depression and sagging 

north-south Paleogene border fault, 

reactivation of northwest trending right lateral 

strike slip (transpression /transtension) in the 

west of Bila Fault controlled the deposition of 

Menggala Formation (Figure 1). The South 

Balam Graben linked to Rangau Graben that 

was bounded by Menggala-Kopar 

Accomodation Zone (MKAZ) in the north and 

Manggala Border fault in the western border 

with NW-SE trending graben [1]. 

 

NEOGENE CSB STRATIGRAPHY 

In the early Post-Rift Phase (F2), the 

Lower Sihapas Group was deposited 

unconformably over the Pematang Group by 

the deposition of Menggala Formation, 

marking Neogene sedimentation in the basin. 

The Menggala deposition occurred during the 

Lower Early Miocene. This thick sandstone 

package characterized by fine to coarse grain 

sandstones with pebble conglomerates, local 

tuffaceous and coal horizons and subordinate 

shales of fluvial to deltaic origin [6]. The 

Lower Menggala Formation deposition 

happened only along the basin center, and it is 

not occurred in the basement high or high 

morphology. 

The Upper Sihapas Group deposition 

initiated and were dominated by marine 

sediments [6]. Bekasap and Bangko 

Formations were deposited, generally 

characterized by a thinning-upward sandstone 

package in a shallow marine environment. The 

number of sandstone layers recognized from 

different fields changes across the basin, which 
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probably reflects pronounced shifts of 

deposition in this low accommodation, distal 

shelf setting [7]. Seismic exploration in the 

center of the CSB later revealed that the Upper 

Sihapas Group represent a braided river system 

and delta [6]. Internally, individual reservoirs 

contain a variety of facies, including pebble 

conglomerate beds, sandstone with well-

preserved internal depositional stratification, 

intensely bioturbated intervals with variably 

restricted and open marine trace fossil suites, 

and glaucony-bearing sandstone. Menggala, 

Bekasap and Bangko Formation sandstones of 

the Sihapas Group are well known as the main 

reservoirs of many prolific oil fields in CSB 

[7]. 

Duri Formation was deposited 

conformably above the Bekasap Formation 

with the same character of the overlying 

formation. The Duri Formation sand is only 

distributed in the northern part of Rokan Block 

as sea level retreated to northeast direction [8]. 

The Telisa Formation was deposited 

conformably above the Sihapas Group with 

monotonous brownish grey and calcareous 

shale, thin glauconitic sandstones, siltstones, 

and limestones, deposited in an open marine 

environment, marking the maximum 

transgression [1,6,9]. This unit has a regional 

distribution over the entire CSB and represents 

further marine transgression with the reduction 

of the sedimentary source areas [6]. 

Petani Formation, which was deposited 

unconformably above the Telisa Formation. 

The base of Petani Formation marks the end of 

a long transgressive period in CSB [10]. This 

formation was deposited during the Uplifting 

and Inversion Phase (F3) as regional sag 

slowed down with regressive cycle which is 

characterized by greenish grey shales and 

intermittent sand interbeds [4] (Figure 2). 

 
Figure 2. Regional stratigraphy, tectonostratigraphic 

and the biostratigraphic zonation in CSB. The Menggala 

Formation is highlighted in red box [11]. 

 

DATA AND METHOD 

This following paragraph described 

methods that have been utilized and 

implemented in this study. Starting with A 

literature review of the latest publications and 

studies of paleogeography in the area of 

Sumatera, especially as related to Menggala 

Formation in Central Sumatera Basin. Follow 

by reconstructing regional chronostratigraphic 

framework by updating previous exploratory 

well marker picks based on biostratigraphic 

data (22 to 25.5 Ma) by [12] and extending the 

interpretation into 8 key fields in the Balam 

Graben including Bima Strat, Nella, Balam 

SE, Mangga, Menggala North, Menggala 

South, Jorang and Rokiri. Some key regional 

2D seismic sections in the Balam Graben also 

have been reviewed to identified geometry and 
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distribution of Menggala Channel. The 

existing depositional facies interpretation and 

biostratigraphy data in Balam Graben has been 

also integrated to strengthen the paleo-

bathymetry interpretation.  

 

Early Miocene Sumatra Paleogeography 

Tectonically, The Tertiary Basins in 

Sumatra lies on the western margin of 

Sundaland. The Sumatra Basins initially 

formed as back-arc basin by the emergence of 

the Barisan Mountains in the Late Oligocene. 

In the Earliest Miocene, the Mountains were 

restricted by sea and the regional sagging 

submergence the Barisan Mountain create 

deepening the fore arc and back arch basin. 

This also create embayment and narrow 

coastal morphology in Central Sumatera and 

opening sea to South Sumatera. Regional 

transgression also continued until Middle 

Miocene. The Barisan Mountains provided one 

of the sediment sources and the main 

provenance derive from Malayan shield [13]. 

Different stratrigraphic member of Sihapas 

Group have been recognized in southwest to 

northeast from Barisan Mountains [2]. 

In the Early Miocene, the river systems 

drainage from the uplands of the Malay 

Peninsula to the CSB [3]. These river systems 

deliver fluvial-deltaic influx that prograde into 

basin center of CSB [7,8,9]. CSB formed as a 

narrow seaway in the south and uplands in the 

northern area during Earliest Miocene [3,13], 

The CSB tend to shallower compared to the 

North and South Sumatra Basins. Sumatra 

paleogeography reconstruction shows 

bathymetric depth increasing to the North and 

South Sumatra Basins, which corresponds to 

extensive Miocene carbonate development in 

both basin [3,6]. In the CSB, in situ carbonate 

was not extensively growth due to high clastic 

sediment influx from the Malayan Shield and 

Barisan Mountains [2,3,6] (Figure 3). 

 
Figure 3. Sundaland paleogeography during the Early 

Miocene. Earliest Miocene (25 – 22 Ma) equivalent to 

Menggala time deposition [13]. 

 

Earliest Miocene of Menggala Fluvial 

Paleogeography in Balam Graben 

The regional paleogeography is built by 

the reconstruction of the ‘Lower’ Early 

Miocene Stage (22-25 Ma) which corresponds 

to the Menggala Formation deposition using 

integration core log facies, biostratigraphy and 

2D seismic. The Menggala formation is clearly 

identified in some field within Balam Graben; 

Pinang, Bima strat, Balam SE, Mangga 

Menggala North, Menggala South, and Jorang, 

which most of those fields located along the 

Balam Depocenter. Early (F2) phase is a 

transition of Paleogene rifting to Early 

Miocene Sagging that create depression, 

accommodation space in the basin center and 

erosion along border fault [1]. At this time, the 

Menggala Formation in the Balam Graben 

potentially formed as syntectonic sediment of 

fluvial system controlled by deformation of 

Jakun-Balam-Rangau border fault in the west, 

activation of Nella and Bila right lateral strike 

slip fault in the east, and low paleo-

morphology in between. The Bila-Nella fault 

also significantly control high and low 

morphology for Menggala deposition due to 

transpresion and transtension system. 
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In general, Balam Graben has been 

subdivided into 3 regions based on graben 

framework: 1) the North Balam Graben; 2) the 

Central Balam Graben; and 3) the Rangau 

Graben [14]. This sub regions will help to 

illustrate how paleoenvironment and its 

geometry changes throughout the depositional 

and tectonic regions which will be discussed 

further in following paragraphs. 

Menggala Formation in North Balam 

Graben has been observed from Northern 

Bima-Strat and Pinang area. Biostratigrapy 

data confirmed that Menggala sand is barren of 

foram. Existence of pollen data (e.g. S. 

moriformis) distinctively indicate that this 

formation deposited in terrestrial to supratidal 

environment that linked to fluvial system. The 

formation water salinity ranges from 800 to 

1200 ppm and also confirm freshwater 

environment. The fluvial channel belt and 

incised valley system can be clearly observed 

from NE-SW Regional seismic section. The 

channel belt width was predicted 2-3 km with 

individual stacking channel across the belt. 

The channel belt is slightly narrow and getting 

wider heading to southern basin. The 

Menggala Formation in the northern area have 

excellent sand quality and proven for 

productive reservoir in Pinang field. 

In Central Balam Graben, Menggala 

Formation is observed in Balam SE, Mangga 

and Menggala North area. 2D Seismic section 

and well data indicated this formation is 

thicker and wider compared to the North 

Balam Graben. In this area, the Menggala main 

channel belt is very well developed in the west 

of Bila Fault due to depression during 

transition of late F1 to early F2 tectonic phase. 

In the eastern side of Bila fault the sand 

formation was not deposited, as it can be 

observed in some wells in the eastern part of 

Balam SE. The channel belt complex is 

predicted getting wider (approximately 4-5 

km) with gross thickness over 270 ft that 

thinning and pinch out to the border fault, high 

morphology and continue distributed to 

Mangga and Menggala North area. 

Biostratigraphy information still confirm the 

barren of planktonic foram and slightly appear 

benthonic foram in Central Balam Graben 

which strongly indicate fluvial has been 

influenced by intertidal environment. Water 

salinity showing increase from north (1400 

ppm) to the south area (1800 ppm) that 

indicates transition from freshwater to 

brackish environment. These Menggala 

channels has proven to contribute significant 

oil production and stratigraphic play target in 

this area (Figure 4). 

The South Balam Graben tectonically 

linked to Rangau Graben [1]. In the southern 

Balam Graben, The Menggala sand can be 

recognized from Menggala South, Ubi-Sikladi 

and Jorang field. The existence of bentonic 

foram (S.cf.delpix, S.cf.ciperoensis, 

Z.cf.bujigatus) and slightly calcareous content 

from core data indicate the Menggala channel 

has been transformed into intertidal 

environment as estuary river mouth with tidal 

channel, tidal bar and tidal flat facies. This is 

also confirmed by formation water salinity 

ranges from 1800 to 2000 ppm indicate the 

brackish environment. The channel shape has 

not clearly identified from seismic image due 

to change of depositional setting. The sand 

width has been estimate distributed up to 10 

km to the west and east following the 

migration of estuary. In this area, the 

Menggala sand also proven as productive 

reservoir in those observation field. 
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Figure 4. Menggala Paleogeography interpretation overlain by tectonic framework, updated and modified from [1] 

(left), the channel belt complex has been recognized by several 2D seismic crossing Balam Graben, yellow dash 

horizon is Top Menggala Fm and orange dash horizon is SB 25.5 equivalent to top Pematang Fm (right). 

 

 

RESULT AND DISCUSSION  

The Menggala paleogeography model has 

improved current understanding and given the 

insight of the depositional model in the earliest 

post rift phase in corresponding to the reservoir 

geometry, new play type and reservoir quality 

within existing fields in the Balam Graben. 

The tectonostratigraphy of the Balam Graben 

has been better explain in the previous study 

[1]. However, it has not elaborated the detail 

paleogeography of early post rift of Menggala 

Formation. The study also mentions about the 

transition time from rifting to Early Miocene 

sagging with wrenching fault during F2 period 

that creating accommodation space for 

Menggala deposition that supported the 

current interpretation. 

The new paleogeography model of 

Menggala Formation also helps to provide 

better explanation for Menggala stratigraphic 

play, physical reservoir characteristics, 

reservoir quality and its lateral distribution 

observed in the existing field. Several 

additional detailed observations have been 

useful for shaping exploration plan, 

delineating area with potential stratigraphic 

play, identify sweet spots for future wells, as 

well as to answer some post drill questions and 

reasoning of good and less successful wells in 

the past.  
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CONCLUSIONS 

The Earliest Miocene of Balam Graben 

interpreted as a terrestrial in northern basin, 

that gradually change to marine embayment 

with high shoreline curvature and open sea 

setting in the south. General depositional 

system of the Earliest post rift in Balam 

Graben is interpreted as fluvial system to 

estuary intertidal environment that controlled 

by Late Oligocene morphology and Paleogene 

structural remnants. The fluvial channel shape 

has been well recognized along western Bila 

Fault from the northern and central area with 

channel width 2 to 3 km (channel belt 3-4 km), 

in the southern area the channel shape was 

getting wider and unrecognized very well due 

to change of depositional environment to 

estuary system. Biostratigraphy data confirm 

that barren of foram in the northern field area 

and shallow marine foram appear in southern 

area, that indicate change of depositional 

environment. Formation water salinity and 

calcareous content from core data has 

validated the paleogeographic interpretations. 

Fresh water salinity and non-calcareous 

mineral content from core data were observed 

in the northern graben, meanwhile brackish 

water salinity and calcareous content has been 

recognized from central to south of graben. 

Generally, the increase of salinity and 

calcareous content from north to the south 

direction align with depositional setting. 

Menggala Formation has proven to produce 

significant hydrocarbon in the Central and 

Southern Balam Graben. Current 

understanding of new paleogeography model, 

combined with analog data from existing field 

will guide to find new exploration play type 

concept, i.e. new opportunity along Bila Fault. 

Current 2D seismic image is unable to clearly 

visualize and illustrate the full geometry of 

Menggala channel and structure along Bila 

fault. This paleogeography model can help to 

guide further 3D seismic acquisition program 

in Balam Graben.  
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