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Happy New Year 2019! 
 
The editorial team of Berita 
Sedimentologi wish you have 
a healthy, happy and more 
successes in your career and 
everything you are working on 
in this year.  
 
We begin 2019 by publishing 
Berita Sedimentologi No. 42, 
which contains two extended 
abstracts from FOSI’s recent 
3rd Regional Seminar in 
Yogyakarta, Indonesia. As 
you´re probably aware, the 
regional seminar was a 
collaborative event between 
FOSI and Gadjah Mada 
University, and it was also co-
hosted by IAS and SEPM. The 
seminar took place on the 5th-
6th September 2018 and was 

attended by participants from 
various countries. A short 
report on this seminar is also 
included in this volume. 
 
On organizational changes, I 
would like to announce that 
Rahmat Utomo, our layout 
editor has resigned recently 
and he has been replaced by 
Ms. Ragil Pratiwi (Patra Nusa 
Data). Rahmat was a very 
important part of Berita 
Sedimentologi delivery team, 
working patiently to produce 
each Berita Sedimentologi 
volume for the last couple of 
years. Also joining us in the 
editorial team is Maradona 
Mansyur (BEICIP Franlab), 
who is now based in Kuala 
Lumpur, Malaysia. 
 

FOSI team has planned to 
organize various field trips, 
evening discussions and 
workshops during 2019. 
Among the plans are core 
workshop and carbonate field 
trip to the Thousand Islands 
(Kep. Seribu). Invitation to 
participate will be announced 
in the near future. We’re 
counting on you to make the 
events successful. Until then, 
we hope you find Berita 
Sedimentologi No. 42 useful to 
you. 
 
Regards, 
Minarwan 
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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 three 

international conferences in 1999, 
2001 and the most recently in 

2018. 

 

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.  
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HOW DID CHANNEL SYSTEMS SURVIVE HIGH SEA LEVEL 

PERIODS? NEW SEDIMENTOLOGICAL INSIGHTS FROM 

OUTCROP, MODERN ANALOGUE AND SUBSURFACE DATA IN 

THE LOWER KUTAI BASIN, E. KALIMANTAN 
 

Erlangga Septama1, Pambudi Suseno2, Chandra Mustopa EP2, Gilang Nuansa2, Febri Iswanto2,  

Rizky Andi2 
 

1Pertamina UTC, 2Pertamina EP  
 

 

ABSTRACT 
 

It is generally assumed that fluvial depositions reached their peak in low sea level conditions and 
that high sea levels were generally considered as a period of neglected breaks in sedimentation and 
thus were ordinarily interpreted to be associated with an abandonment phase. In contrast, our 
recent findings from outcrop and subsurface data in the Lower Kutai Basin, East Kalimantan has 

revealed a complex response in the channel-fill development stages within relatively high sea level 
periods (either authigenic or allogenic factors). Evidence has shown that some channels certainly 
“survived” the abandonment period.  

A three km detailed transect was measured through several road cuts and coal mines in the 
Samarinda Anticlinorium area. The well log, FMI, pressure analysis and core petrographic analyses 
permit an assessment of the subsurface pattern. The integrated biostratigraphy data (foraminifera, 
nanno-plankton and palynology) are used to synthesize the regional marker. This study also 
benefitted from unmanned aerial vehicle (UAV) mapping, which created a high resolution (1-3 cm 
precision) 3D digital outcrop model (DOM). To complete the final perspective view, the recent channel 
deposits in the Mahakam Delta and Balikpapan bay are also used as a comparative model. These 
entire measurements and intensive amount of information are synthesized into the integrated 
geological model. 

We identify three typical depositional models of highstand channels due to their specific responses 
at the channel upper boundary, namely: i) drowned fluvial channel, ii) backfilled/keep-up channel 

and iii) fluvial channel to shoreface rejuvenation. This study also reveals new insights about the 
sedimentary processes and facies geometries in the Lower Kutai basin. This unique phenomenon 
was affected by (a) a large tidal prism area that covers the entire delta systems and (b) a short (40-
45 km.) fluvial to shelf sedimentation conduits, combined with (c) relatively high sedimentation 
fluxes. This type of sand has been long overlooked and currently become recognized as a new 
bypassed oil reservoir. This new insight is noteworthy toward the re-assessment of the geological 
model. 

Keywords: transgressive channel, analog study, Mahakam Delta, drone 

 

INTRODUCTION 

 

The Mahakam delta is a notable example of a 
mixed tide and river dominated delta (Galloway, 

1975, Allen, 1979, Storm et al., 2005, Boyd et al., 

1992, Husein and Lambiase, 2013). The modern 

Mahakam delta system is considered as a low 

wave-energy, mixed tidal (semi-diurnal tidal with 
mean range of 1.2 meters and maximum 

amplitude of 2.8 meters) and fluvial (average river 

discharge of 8x106 Mm3/yr) dominated delta 

(Combaz and De Matharel, 1978, Allen, et al., 

1979). The early studies by Allen et al., 1976, Allen 

and Mercier, 1988, state that this delta delivers 
significant terrigenous material into the tide 

dominated coastal area, thus the interplay between 

the fluvial and tidal processes are essential to 

determine the final facies product.  

 
 

 

The delta system drains a total catchment area of 

75,000 km2, with a 2,000 km2 area manifested as 

the sub-aerial delta (Gastaldo et al., 1993, Cibaj, 

2014). The late Quaternary stratigraphy study in 
the shelf records the high cycle of relative sea-level 

changes; demonstrated in the fast interplay 

between the fluvio-deltaic and shallow marine 

sedimentation processes (Roberts and Sydow, 

2003). The studies of the recent depositional 
system (Gastaldo, et al., 1993, Storms et al., 2005, 

Husein and Lambiase, 2013, Riadi and Lambiase, 

2015) shows that in the present time, the fluvial 

discharge is several times smaller than in the past 

and the delta is nearing abandonment by 

dominant tidal and wave processes. The specific 
conditions which have shown the overall interplay 

between river, tide and wave action are also 

common and observed elsewhere in many age 

periods such as in Mesoarchean Moodies Group in 
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South Africa (Eriksson et al., 2006), Cretaceous 

McMurray Formation in Canada (Musial et al., 

2012) and Tertiary Taishu Group, Southwestern 

Japan (Nakajo, 1998).  

 

Our study characterizes the facies and 
stratigraphy of the shallow marine and deltaic 

sequence from outcrops around the Sangasanga, 

Samarinda and Semberah areas and compares 

them with the subsurface data and modern 

depositional processes. This field study is required 
to fill the knowledge gap about the detailed 

succession and stratigraphic stacking pattern, 

geometry and sandstone reservoir heterogeneity. 

Our study aimed to see the similarity between 

surface and subsurface data and to find a typical 

succession that is distinguishable in the 
subsurface for a better reservoir geometry 

prediction. 

 

The Sangasanga Field has been producing for more 

than 120 years. The field development was 

commenced by the drilling of LSE-01 well in 1897  
by Dutch BPM. This oilfield could be considered as 

one of the oldest fields in the South East Asia, 

however the significant remaining reserves in 

Balikpapan Formation are confined in the deltaic- 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

shallow marine facies, thus a detailed facies 

association recognition and correlation is needed 

to settle yet-to-find additional reserves in 

previously overlooked oil zones. 

 

BASIN SETTING  
 

The study area is located in the onshore area of the 

lower Kutai Basin (Figure 1). The basin is an open 
embayment facing eastward to the Makassar 

Strait, bordered by the suture of the early Tertiary 

Makassar strait rifting the Central Kalimantan 

High to the northwest, by the Adang Flexure and 

Paternoster platform and Meratus Mountains to 
the south and the Mangkalihat High and 

Sangkulirang Fault to the north (Figure 1). The 

basin was formed initially by rifting in the Middle 

Eocene and subsequently filled by syn-rift 

sedimentation as well as carbonate until early 

Miocene. 
 

This succession was folded and created the 

Samarinda anticlinorium (Figure 2), which became 

the paleotopography for the younger fluvio-deltaic 

sub-sequence of the Kutai Basin (Tanean et al., 
1996). The Mahakam River has started to incise - 

 

 

 

 

 
 

 

 

 

 
 

 

 

 

 

 
 

 

 

 

 

 
 

 

 

 

 
 

 

 

 

 

 
 

 

 

 

Figure 1. The regional overview of the Lower Kutai Basin area (after Moss and Chambers, 1999) 
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the Anticlinorium ridge since Middle Miocene, 
which created successive delta progradation 

towards the east (Allen and Chambers, 1998). 

 

For a decade, the structural development in the 

Kutai Basin has been receiving detailed reviews by 

many researchers, which has resulted in many 
published hypotheses (Satyana et. al. 1999), 

including amongst others vertical diapirism 

(Biantoro et al., 1992) gravitational gliding due to 

the eastward basin compensational subsidence 

and Kuching vertical uplift (to the west) (Ott, 1987, 
 

 

 

 

 

 

 
 

 

 

 

 
 

 

 

 

 

 
 

 

 

 

 

 
 

 

 

 

 
 

 

 

 

 

 
 

 

 

 

 
 

 

 

 

 

 
 

 

 

 

and McClay et al., 2000). Other tectonic 
movements were: inversion by regional wrenching 

(Biantoro et al.,1992), detachment folds over 

inverted structures (Chambers and Daley, 1995) 

and inverted delta growth-fault system (Ferguson 

and McClay, 1997).  

 
Recent studies including ours have believed that 

the Northeast-Southwest oriented faults are the 

major fault that was constructed by the inverted 

delta growth fault system. This fault system 

becomes a major compartmentalizer, which 
separated the Samarinda Anticlinorium into 

Figure 2. Major anticlinal ridges in Lower Kutai Basin with an inferred hydrocarbon accumulation area, 
green and purple: oil red: gas (after Ramdhan and Goulty, 2010) 
 



Berita Sedimentologi [Pick the date] 

 

Number 42 –January 2019 

 
Page 8 of 53 

  

 

several parallel anticlinal or synclinal blocks 

(Figure 2).  

 

Stratigraphically, the hydrocarbon-prolific 

sandstone units are belonging to Mentawir-

Gelingsih Formation, a member of the Balikpapan 
Group. It consists of predominantly quartz 

sandstone, conglomerate, silty claystone and shale 

with intercalations of thin limestone and coal. The 

maximum thickness of the sediment to the east of 

the basin is 14 km, whereas the average thickness 
in the tertiary paleo-delta elsewhere is 

approximately 9 km. (Rose and Hartono, 1978, 

Allen and Chamber, 1998).  

 

The oldest sediment was deposited on during the 

Middle Eocene, starting with an extensional rift 
phase associated with the initial spreading in the 

Makassar Strait. Deposition of the The deltaic 

sequence started in Early Miocene, continuously 

prograding toward the East with an average 

thickness of 3.5 km. 

 
 

DATA AND METHODS 

 

A detailed sedimentological section along roughly 

three kilometers transect was measured through 
several road cuts and coal mine sites. The 

depositional dip from cross laminated layers was 

recorded wherever possible for each section. The 

trace fossils, which are noticeable in Palaran, 

Semberah and Sangasanga outcrop were 

photographed to aid detailed identification and 
quantification. These locations of the measured 

stratigraphy and samples collected are saved in 

GPS in sub-meter accuracy and wherever possible 

were correlated to their subsurface equivalent 

layers by using either seismic data or published 
biostratigraphy markers (Marshall et. Al., 2015, 

Rösler et al., 2015 and Santodomingo et. al., 

2015).  

 

Integrated biostratigraphic data (foraminifera, 

nanno-plankton and palynology) from cutting, 
cores and sidewall cores were used to synthesize 

the regional marker. In delta-plain and upper delta 

front environments, the presence of the calcareous 

fossils demonstrates marine invasion and they are 

flooding surface indicators. There are several key 
fossils for environmental indicators such as: 

Trochammina sp., Miliammina sp., the pollen of Z. 
ramonae, Florschuetzia sp., Cassuarina sp., 
Cephalomapa and Sapotaceae for delta plain 

environment and Dinoflagellate for delta front 

environment (BATM Trisakti, 2013). 

 
The 3D drone photogrammetry, photography and 

photomosaic of the outcrops were taken to capture 

and identify the size and geometry of the 

depositional elements. Core data were acquired 

from two wells and recovered some 30 metres of 

mixed sandstone, siltstone and shale sediments. 

The 3D CT scan of the core slabs was also acquired 

to see the internal character of cores. Standard 

wireline logs data are were used for correlation and 

formation micro-imager (FMI) was then used to 

identify sedimentary structures and the presence 
of the bioturbation in subsurface. These entire 

measurements and vast amount of information 

were integrated into the geological model. 

 

 
OUTCROPS OBSERVATION, RESULTS AND 

INTERPRETATION 

 

The outcrop observation, visual characterization of 

core and well correlation show similarities and are 

comparable in lateral variability, succession, 
inferred geometry and scale. These characters can 

be considered to be unique to the proto-Mahakam 

delta and cannot be found elsewhere in the other 

deltaic systems. Generally, the stratigraphic 

succession could be subdivided into three main 

characters.  The following are some key examples 
referred to their type locations (Figure 3). 

 

Stadion Utama Palaran 

 

The Stadion Utama Palaran is located on the 
southern side of the modern Mahakam river 

(Samarinda Seberang area). The 250 m. dip-

parallel outcrop is exposed on both sides of the 

main access towards the Stadion Utama Palaran. 

The outcrop displays several repetitions of what is 

inferred as coarsening-up parasequences and 
present a clear observation of the facies changes 

from the fluvial dominated upper delta plain to the 

strongly tidal influenced lower delta plain and 

delta front (Figure 4a and 4b). This outcrop 

provides an excellent opportunity to learn about 
the ideal deltaic succession without any noticeable 

external controls on the depositional architecture, 

including morphology, biogenic and oceanographic 

aspects in the lower distributary and delta front 

area. This outcrop is slightly older than the 

Serravallian age (13.82-11.62 Ma) based on the 
limestone dating at the top of the sequence (Rösler 

et al., 2015; Santodomingo et al., 2015). 

 

The deltaic succession in the lower part shows a 

sharp-based contact typical of the erosional 
boundary (rip up clast, lag deposit); followed by 

channel filled deposit comprising of coarse to 

medium grained sandstone with trough cross-

bedding that gradually changes into high angle to 

low angle planar cross-bedding (Figure 4b). This 

change suggests decrease of bedload capacity; and 
possibly indicates flow deceleration as the channel 

abandonment phase began. Bioturbation (Skolithos 

and Ophiomorpa) intensifies upwards and the top 

of channel is capped by a more tidally influenced 

deposit. A thin and sulphuric coal deposit is 

present with locally intercalated thin lenticular 
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oyster bed; interpreted as a peat beach deposit. 

Significantly, this deposit marked a local 

transgressive event specific to this paleo-drainage 

area (Figure 4c).  

  

The coarsening and thickening-upward sequence 
with various magnitude of tidal and probable wave 

control is present, typical of the progradational 

delta front deposit, depending on the local 

environment during the sedimentation (Figure 4d). 

This last sequence is interpreted as occurring in 
the highstand sea level periods. This entire 

succession is repeated for at least two semi-full 

cycles within the entire total length of Stadion 

Utama Outcrop.  

 

Simpang Makroman 
 

The Simpang Makroman outcrop is located in the 

exit way of the Lana Harita mining site in Simpang 

Makroman and exposed for more than 40 meters 

along strike and can be divided into two facies 

units. The lower unit consists of alternating thin 
siltstone and sandstone with well-preserved flaser  

 

 

 

 
 

 

 

 

 

 
 

 

 

 

 
 

 

 

 

 

 
 

 

 

 

 
 

 

 

 

 

 
 

 

 

 

 
 

and wavy structures, which gradually changes into 

interbedded sandstone in organic mudstone 

(Figure 5). This unit is intensively bioturbated with 

dominant burrows by Ophiomorpha, Skolithos, 
Phycosiphon and some Diplocraterion. In the 

middle part, the unit is scoured and cross-cut by 

1.2 m. thick medium to very fine sandstone. 
 

The sandstone shows wedge bed geometry, finning 

upward succession and seems to be devoid from 

bioturbation except in several spots where 

Ophiomorpha is observed. A calcareous, fine to 

medium bioclastic and fossiliferous sandstone is 
found in the middle of the channel. This clastic 

carbonate is possibly occurring in the distal reach 

of the reef encrusting area, thus suggesting a clear 

seawater environment with minimum bedload 

reaching the sea. The channel is fining-upward 
with visible current ripples and climbing ripples in 

the upper part of the channel.  

 

Based on the ichnofacies and the physical 

proximity to the marine environment and also the 

increase of marine influence upwards, this channel  
 

 

 

 

 
 

 

 

 

 

 
 

 

 

 

 
 

 

 

 

 

 
 

 

 

 

 

 
 

 

 

 

 
 

 

 

 

 Figure 3. Index map shows the location of objects discussed in this study (square = modern deposits,   
circle = outcrops and triangle = subsurface data (map created from Google Earth) 
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was interpreted as back-filled tidal channel 

deposited during the early transgression. In North 

Kutai Lama (NKL), oil is produced from this type of 

sandstone (C groups) with a typical serrated and 

spiky log character, Pertamina EP nicknamed as 

“Hidung Petruk” log (Figure 6). The uppermost - 
 

 

 

 

 

 
 

 

 

 

 
 

 

 

 

 

 
 

 

 

 

 

 
 

 

 

 

 
 

 

 

 

 

 
 

 

 

 

 
 

 

 

 

 

 
 

 

 

 

 
 

 

 

 

 

succession of the outcrop was cut by thick sandy 

deposit which consist of medium to fine grained 

sandstone with trough cross lamination to planar 

cross lamination. This sandy interval has a sharp 

basal contact suggesting that the tidal sequence is 

eroded and partly cannibalized by the upper 
shoreface succession.   

 

 

 

 
 

 

 

 

 

 
 

 

 

 

 

 
 

 

 

Figure 4. (a) aerial view of the outcrop at stadion Utama Palaran stadium shows a repetition of the 
deltaic parasequences (b) The vertical succession is showing a succession that interpreted as lowstand 
fluvial channel-fill into the transgressive and highstand shallow marine deposit. (c) The coquina bed in the 
thin coal layer indicates a transgressive delta front deposit. (d) The oscillation wave ripple sediment on in 
the upper interval shows a gradual change from a litoral littoral environment into a shallower marine. 
deposit. Coordinates: 512349.03 m E, 9935280.49 m S, (see Figure 3 for the outcrop location).   
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Figure 5. (a) The succession of tidal channel in Simpang Makroman outcrop shows an intercalated 
thin limestone in the bottom part of the channel. This limestone occurrence suggests the retrogradation 

of the carbonate during subsequent fine sand deposition suggesting of backfill type. sedimentation. (b) 
Aerial drone view showing an (inset: of the measured stratigraphic section (c) the cross section view of 
the exposure shows the geometry of the channel (yellow dotted line). Coordinates: 518422 m E, 
9943987 m S, (see Figure 3 for the outcrop location). 

Mahkota Dua Bridge 

 

The Mahkota dua bridge outcrop exposes 70 

m. along strike that shows a transverse 

section of the typical lower delta plain to delta 

front sequence interpreted as mixed sand and 
mud tidal flat crosscut by a distributary 

channel (Figure 7). The lower section is 

intensively burrowed by Ophiomorpha. The 

typical tidal characters such as alternations of 

flaser, wavy and lenticular sedimentary 

structures are present as a carbonaceous 
material in the sand and shale laminae. At the 

base of the sand, armored mud balls are also 

locally present, possibly as a product of 

reciprocal transport of eroded masses of clay 

in the intervening wave and tidal zone. The 
sand is interpreted as tidal channel sand. 

 

The coal deposits found in the upper part of 

the sand are sulphuric and high in clay - 

 

Content (high impurity) which suggest an 

estuarine coal origin. The upper part is 

distributary channel fill, with coarse sand to 

pebble grain sized material. The presence of a 

paleosol (ancient soil deposit rich in oxide) 

and rootlets at the base of the channel 
suggest that the tidal flat has been exposed 

sub-aerially before being cannibalized by the 

channel. In the upper part, the facies 

gradually changes into a non-deltaic sequence 

marked by fine to medium grained sandstone 
with 0.4-0.7 m. thick with erosional bases and 

clear oscillation ripple and hummocky cross 

stratification on the top. Both upper and lower 

shoreface are present in the outcrop. This 

characteristic shows rapid subsidence 

between the deltaic and shallow marine 
cycles.   

 



Berita Sedimentologi [Pick the date] 

 

Number 42 –January 2019 

 
Page 12 of 53 

  

 

 

 

 

 

 

 
 

 

 

 

 
 

 

 

 

 

 
 

 

 

 

 

 
 

 

 

 

 
 

 

 

 

 

 
 

 

 

 

 
 

 

 

 

Modern Deposit Analog 

 
Three sand lobes deposits clustered in the 

southern isthmus of the Balikpapan Bay are 

possible analogs for the abandoned lobe and 

backfilled channel deposits. Several small rivers 

and streams have delivered sediment that extends 
6 km from the river mouth. The sand bodies are 

elongated toward the east, 600 – 1000 m wide and 

1000-1500 m long with an average thickness of 

40-60 cm. for individual packages. The sand is fine 

to medium grained, with coarsening up pattern; 

sprinkled with coral thallus in the upper zone. The 
lobe front is gently inclined (1-20 slope) and 

becoming a patchy substratum of symbiotic coral 

colonies consisting of many species such as 

Acropora sp, Isopora sp, Meandrina sp, and 
Turbinaria sp; all are living within 3-8 m sea water 

depth (Figure 8). 

 

 

 

 

 

 
 

 

 

 

 
 

 

 

 

 

 
 

 

 

 

 

 
 

 

 

 

 
 

 

 

 

 

 
 

 

 

 

 
 

 

 

 

This colony is a micro-environment that is unique 

and, considering its close proximity to the active 
river system, can only be found in Balikpapan Bay.  

This coral symbiotic growth is possible due to the 

partial barrier created by the sand lobe bodies that 

restrict the hypopycnal flow toward open marine. 

Mud suspension accumulated on the landward 
direction becoming a clay plug that is sometimes 

effective in isolating the channel from the lobes 

(Figure 9 and 10). 

 

Based on the sonar profiling, the channels in the 

lobe upstream are possibly still active and 
retrograde, creating backfilled channel systems. 

During the intervening periods, the sub-aerially 

exposed area of the lobes seems to be strongly 

reworked by the mix of tidal and wave forces. Ling- 

 
 

 

Figure 6. Type log of the backfilled tidal channel, the spiky character in the bottom part of the channel is a 
thin limestone layer. These log characteristics are often qualitatively and quantitatively overlooked and are 
considered as a non-attractive interval, although actually produce a fair amount of the hydrocarbons.   
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uoid to crescentic-shaped current ripples are 

common and occur both in landward and seaward 

slopes. This deposit is considered as analogous to 

the Simpang Makroman outcrop and to the- 

 

 
 

 

 

 

 
 

 

 

 

 

 
 

 

 

 

 

 
 

 

 

 

 
 

 

 

 

 

 
 

 

 

 

 
 

 

 

 

 

 
 

 

 

 

 
 

 

 

 

 

 
 

 

 

 

 
 

subsurface mid Miocene reservoir sand (C-03 sand 

group) although the modern deposut complexes 

are expected to be several factors smaller.  

 

 

 
 

 

 

 

 
 

 

 

 

 

 
 

 

 

 

 

 
 

 

 

 

 
 

 

 

 

 

 
 

 

 

 

 
 

 

 

 

 

 
 

 

 

 

 
 

 

 

 

 

 
 

 

 

 

 
 

Figure 7. a) The Mahkota dua bridge outcrop shows a parallel strike exposure of the delta front to lower delta 
plain sequence which is rapidly subsiding by the shallow marine deposit. b) The hummocky cross 
stratification suggests a storm beds at the lower shoreface environment appear on the top of the succession. c) 
Armored mud balls at the base of the sand are interpreted as a product of intervening between wave and tidal 

force. d) The intensive Ophiomorpha burrow at the lower sand unit suggest the depositional in a tidal environment. 

Coordinates: 516590.58 m E, 9940196.88 m S, see Figure 3 for the outcrop location. 
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Figure 8. a) A cluster of sand lobes in the southern isthmus of Balikpapan Bay (Google Earth 
image). The minimum distance to the present river mouth is 6 kilometers suggesting a significant 
sea level rise during the depositional period, b) a coral colony on the lobes front, and c) the sub-
aerially exposure area of the sand lobes during the low tide consist of fine to medium grained 
sand with scattered coral thallus. Coordinates: 475337.13 m E, 9846559.47 m S, see Figure 3 for 
the location.  
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Figure 9. Idealized cartoon section of the abandoned lobes and backfilled channel deposit based on the 
modern analogue in the Balikpapan Bay. SL = Sea Level. Coordinates: 465976.40 m E, 9844878.07 m S, see 
Figure 3 for the location 

 

Figure 10. The simplify cartoon of evolution of the abandoned lobes in the Balikpapan Bay, left: the river was 
normally flow and deliver terrigenous sediment (yellow) during the low sea level period. Middle: during the 
high sea level period the sand lobes deposition was terminated. The relief of the sand mound creates the 
barrier thus enable coral growth on the lee side of the slope. In the landward direction, the river is start to 
backfill toward upstream. Right: the coastal longshore current reworked the coral thallus into a barrier ridge 

with a North-South elongation. 
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Subsurface Data Analog 

 

The similar facies characteristics of the backfilled 

channel and abandoned lobe deposits were also 

found in well logs correlation in the eastern flank 

of the North Kutai Lama (NKL) structure. The well 
correlation shows a variation from the thick and 

blocky characters on the west to the thinner 

coarsening up or finning up sandstones in the east 

(Figure 11 and 12).  Prior to this analog study, we 

have assumed that the sand bodies are not 
connected due to their dissimilar log characters. 

However, the well test, oil production and pressure 

monitoring data shows that these sand bodies are 

at least partially connected. The thick and blocky 

succession in the west represents distributary or 

backfilled channels whereas the thin sandstones 
represent either abandoned lobes or tidal channels 

to seaward. The backfilled channel sandstone is 

often characterized by low resistivity phenomenon 

(e.g. below 10 ohm-m); this is possibly due to the 

intensive burrowing that introduced mud into the 

sand body. These burrows in the high energy 
channel-filled sandstones are common and 

observed in outcrop, such as in Stadion Utama 

Palaran (see Figure 4) and probably has a similar 

genesis to the low resistivity channel sandstone 

reservoirs in the Attaka Field (Trevena et al. 2003).  
 

Well correlation also demonstrates that lateral 

facies variation strongly influenced the quality of 

the reservoir sand. Special core analysis (SCAL) 

shows that the presence of carbonaceous material 

decreases reservoir permeability, thus although the 
sand porosity is generally increasing toward the 

east, the reservoir permeability tends to be 

decreasing, probably due to the presence of the 

tidal origin shale laminae and carbonaceous 

material (e.g. leaves and wood fragments) (Figure 
13). This sandstone group age is constrained by 

biostratigraphic marker Ammonia elphidium 
suggests the deposition of ancient proto-Mahakam 

delta system began during middle Miocene age. 

 

 
Reservoir Geometry 

  

In general, three major reservoir geometries have 

been identified, including: (1) backfilled 

distributary, (2) channel-filled, abandoned lobes or 

(3) mouth bar and tidal channel-filled (correlation 
in Figure 11 and 12 and geological model in Figure 

14).  The backfilled distributary channel filled sand 

generally shows amalgamated, fining -upward or 

cylindrical shape sequences. Individual sand units 

from 8 to 15 m. thick channel fill sequences, 
bounded with the remarkable basalt conglomerate 

at the bottom. The sandstone is generally medium 

to coarse-grained and internally displays trough or 

planar cross-stratification in 30-45 cm. thick bed-

sets. Planar cross stratification occurs in the upper 

part of the sand unit with lesser frequency. Paleo-

current orientations determined from trough cross 

stratification are generally unidirectional and 

indicate a predominantly south-south east trend. 

In the upper part of the sand unit, the sequence 

shows a finning upward trend, with the medium to 

fine grained sandstone into mud dominated 
deposits. Strong tidal signals such as thin mud 

drape, flaser, wavy and lenticular laminae are 

present in the upper mud unit. Mudstone 

interbedding up to 50 cm thick is commonly silty 

to sandy and shows thin lamination, lenticular or 
wavy. The degree of the bioturbation intensifies 

upward. Paleocurrent orientation determined from 

trough cross-stratification is generally 

unidirectional and indicate a predominantly south-

southeast trend. 

 
The abandoned mouth-bar deposit is represented 

by thin to medium thick sand (45- 150 cm) and 

mostly shows gradational evolution rather than 

erosional appearance in the basal unit. The 

sandstone is very fine to medium in size, passes 

downward into structure-less clay and silt. The 
succession is showing an interbedded mudstone 

and sandstone; where the sandstone is increasing 

in thickness with a gradual change from mud 

dominated into sand dominated upward. The 

burrow is present anywhere and intensifies in the 
top 10 cm of the succession.  Mud drape, ripple 

cross lamination and planar cross lamination are 

common and ubiquitous. In some abandoned bars 

carbonate streaks are also present as an 

intercalation in the sandstone bed-set. Comparison 

with modern deposits shows that this facies is 
laterally continuous for 2-4 kilometers and 

sometimes forms a coalesced bar complex.  

 

The tidal channel appears as fining upward 

sequence with relatively thin to medium sand fill 
thickness (2-4 meters). Cross lamination, flaser, 

lenticular and wavy sedimentary structures are 

common.  The lower boundary is usually marked 

by an erosional surface and locally, by spherical, 

armoured balls. Paleo-current orientations 

determined from trough cross stratification are 
generally multi-directional depending on the 

channel orientation and preserved tidal ebb and 

flood direction. Subsurface data shows that the 

thin carbonate streaks are is sometimes present as 

an intercalation in the near base or middle interval 
of the channel. 

 

DISCUSSION 

 

The Palaran, Makroman and Mahkota dua bridge 

outcrops seem to be suitable analogues for a 
transgressive channel model. The Sea level rise 

tends to create entrapment in the shelf area. The 

high sediment influx forced the sedimentation to 

coalesce backward creating retrograde channeling. 

Some rivers continuously flowed during the 
maximum high sea level periods, thus the deposits  
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Figure 11. 4th order sequence stratigraphy correlation of wells focused on the A. elphidium marker, the 
bypassed oils are mostly found within the transgressive package interval (see Figure 14 for the position of 
wells). 

 

Figure 12. West to East cross section through C-03 reservoir in structural (above) and flattened (below) view 
in the North Kutai Lama field. Noted the gradual change from blocky high resistivity logs character in the West 
to thinner bell shaped logs with low resistivity in the East. Logs shown are gamma ray, resistivity, density 
and neutron. Top marker is A. elphidium horizon. Position of wells are shown in Figure 14 
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Figure 13. Core plug from Southern Sangasanga well shows decrease in permeability due to the presence 
of carbonaceous material. Both core plugs have an almost similar porosity value.      

 

Figure 14. The static model of C-03 sand with the lateral facies variation (see Figure 3 for the field location 
and Figures 11 and 12 for the wells cross section) 
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are transported alongshore and in some cases re-

deposited as shallow marine deposits such as 

upper to lower shoreface. The modern example of 

the backfill channel has been found in Balikpapan 

Bay. The example shows an active channel system 

which is shifted backward, meanwhile the distal 
area of the channel was inactive leaving seawater 

sufficiently clear to enable the growth of coral 

reefs.  

 

The most important difference between the current 
model with the other classic fluvio-deltaic model 

(e.g. Mississippi, Ganga-Brahmaputra and Orinoco 

Delta) is the rapid cyclicity between terrigenous 

flux and marine input. The sequence found in 

outcrop shows a complete cycle of terrigenous or 

fluvial deposit; gradually changing to a tidal or 
estuarine one followed by marine deposits. The - 

 

 

 

 

 
 

 

 

 

 
 

 

 

 

 

 
 

 

 

 

 
 

 

 

 

 

 
 

 

 

 

 
 

 

 

 

 

 
 

 

 

 

 
 

succession is often very thin being only 25 and 

even in more extreme case is only 15 m. or less. 

Gradation non-from calcareous to calcareous shale 

is often observed but sometimes negligible due to 

the stronger terrigenous signal.  

 
The insight from the comparable modern 

Mahakam delta system shows that with only 40 

km long from head of facies to the shelf and 55 km 

wide, Mahakam could be considered as a “dwarf 

delta”. This factor accounts for the fluvial, tidal 
and wave interactions in a spatially constrained 

net depositional area. The rapid and short distance 

river flow and channel avulsion also accounts for 

the variation in onshore sediment storage and 

marine sediment input. In the light of this new 

finding, the new modified depositional sequence 
based model should be applied to the reservoir 

development strategy. 

Figure 15. Idealized depositional sequence of fluvial-deltaic cycle in Mahakam based on their response to 
the mixed tidal and wave influence. (1) normal (2) backfilled channel (3) drowned channel and (4) channel to 
shoreface rejuvenation. Abbreviations: PCS= planar cross stratification, TCS, trough cross stratification, 
HCS= hummocky cross stratification OS=oscillation ripple, FL= Flaser, SF= shell fragment, BIO= 
bioturbation. DP = Delta Plain, DF = Delta front. 
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CONCLUSION 

 

The fluvial to shelf sediment transport in the 

Mahakam delta is rapidly shifting between each 

distributary system, thus creating unique 

processes in terms of the systems tract succession. 
Our observations in outcrop and subsurface 

confirms that along-strike, the cycle between 

terrestrial and marine deposits (e.g. carbonate 

input) are highly divergent. Therefore, in this area, 

the sequence stratigraphic correlations should be 
carefully constrained by their corresponding paleo-

drainage system. 

 

Outcrops and modern deposits show evidence that 

deltaic channels sometimes do survive in extreme 

high sea level conditions. We propose three new 
genetic depositional sequences of transgressive 

channel due to their specific characters at the 

channel upper boundary, namely: i) drowned 

fluvial channel, ii) backfilled/keep-up channel and 

iii) channel to shoreface rejuvenation (Figure 15). 

These unique phenomena are likely caused by (a) 
low slope gradient of the delta plain area that 

creates a large tidal prism area that covers the 

entire delta systems, from delta front through the 

head of deltaic facies, (b) a relatively short (40-45 

km.) fluvial to shelf sedimentation conduits 
combined with (c) relatively high precipitation and 

sedimentation fluxes. This new insight could be 

used for the re-assessment of the geological model.  

 

The present study has enriched our knowledge on 

various type of transgressive or highstand sand 
deposits geometry which has been long concealed. 

This study contributes data and ideas to improve 

field production through identification of additional 

bypassed oil reserves.  
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INTRODUCTION AND OVERVIEW 
 

Malaysia’s three oil-producing regions are: (1) Malay Basin, (2) Sarawak Basin, (3) Sabah Basin (Figure 1). 

Though, basin evolutions differ somewhat, the petroleum systems remain broadly similar.  Other than 

Central Luconia, which is distinctively a carbonate gas province, the other provinces are characterised by 

accumulations of oil and gas found within Neogene clastic reservoirs (Figure 2). HC charge was derived 
principally from a Type III coaly source rock (SR) e.g., (i) in-situ pure coal and/or impure shaly coal, (ii) 

transported coaly clasts/fragments in channel lag deposits, (iii) finely-dispersed detritus, and also, 

commonly as coaly laminae/bands, mostly in marine deposits.   

 

 

MALAYSIA’S CLASTIC PETROLEUM SYSTEMS  
 

Traditionally, it has been a long-held belief that, of 

the 3 end members (Type I, II, and III), the land 

plant derived Type III coaly SR is, by far, the most 

predominantly gas-prone (van Krevelan, 1950).  
Therefore, the role of coal as a viable source for oil 

has been a lengthy and contentious debate. But, in 

the context of Malaysian clastic petroleum 

systems, the presumably gas-prone Type III coaly 

SR could not explain for the large oil 

accumulations.   
 

The bulk of so-called Tapis crude in the Malay 

Basin is sourced largely from post-rift Group I and 

H coals (Madon et al., 2004, and 2006) (Figure 3). 

In the Sarawak Basin, coal and coaly shale seem to 

be the main SR for the oil, especially in the 
offshore Balingian Province and the highly prolific 

West Baram Delta. Biomarker fingerprints of oils 

from the Balingian offshore fields were 

geochemically typed to underlying Cycle I-III coals 

(Madon et al., 1999). Hakimi and Wan Hasiah 
(2012) reported that Nyalau Fm. coals (Cycle I-III 

equivalent) from onshore Balingian Province are 

rich in liptinite (>35%), and possess good liquid 

HC-generation potential, supported by high 

Hydrogen Index (HI 350-510).   

 
SR in the Sabah Basin occurs more as 

disseminated terrigenous organic matter (OM) in 

mudstone, but also commonly as coaly-

carbonaceous laminae/bands within silty 

sandstone that was dispersed by fluvio-deltaic 
systems into the marine setting. The SR, though 

lacking in richness (TOC 1-1.5%), was 

compensated by good OM preservation from rapid 

sedimentation/burial coupled with a relatively 

thick cumulative succession. Moreover, SR as 

TOC-enriched laminae in siltstone-sandstone 

favoured efficient expulsion. Geochemical and 
fingerprint studies of Sabah oils reaffirmed the link 

to a typically Type III/II coaly SR (Madon et al., 

1999).      

 

Bearing some local facies variation, crude oils from 

Sabah-Sarawak are also mostly light and volatile, 
often verging on condensates, characteristically 

sweet, somewhat waxy, very typical of land plant 

origin, much alike the premium-grade crude from 

Malay Basin (Figure 4). It is noteworthy that 

Malaysian oils, grouped as Tapis grade, fetches the 

highest price in the international market, due to its 
highest gasoline content per barrel of crude.  

 

 

LINK BETWEEN COAL AND OIL - HISTORICAL 

BACKGROUND  
 

MacGregor (1994) and Todd et al. (1997) 

highlighted that the first link between oil and 

terrigenous organic matter was made by Hedberg 

(1968), that, high-wax and low-sulphur oils are 

commonly associated with non-marine, often coal-
bearing strata. Oil-prone sequences have been 

recognised as key SR in the SE Asian -   
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Figure 1.  Malaysia’s 3 HC-producing basins - (1) Malay Basin, (2) Sarawak Basin, (3) Sabah Basin 
(Madon et al., 1999). 
 

Figure 2.  Major tectonic events & petroleum systems of SE Asia, Australia & New Zealand.  NB:  the 
relatively very young (Cenozoic) petroleum systems of SE Asia in general, & largely Neogene for C. Luconia, 
Circum-Borneo (inclusive NW Borneo) & Malay basin (Oil & Gas Journal website). 
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Figure 3.  The two active source rocks in Malay Basin – (i) syn-rift lacustrine shale (Group L & K) 
mainly in South Malay Basin, (ii) coal/coaly shale (Group I & H) largely in the Greater Malay 
Basin (Madon et. al. 2004).  

 

Figure 4.  Malaysia’s premium Tapis crude - world’s most expensive crude.  Typically, light (43-
45o API), exceptionally low-sulphur (0.04%), high gasoline/bbl (US EIA / Energy Info Admin. 
website, 2012). 
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Region, including Australia and New Zealand, a 

unique feature of coals from this part of the world 

(Fleet and Scott, 1992). In the Gippsland Basin of 

SE Australia, maximum oil generation was 

reported to derive from coals with high content of 
perhydrous vitrinite (Moore et al., 1992).   

 

SE ASIAN COALS AS PETROLEUM SOURCE 

ROCKS 

Davis et al. (2007) carried out an extensive study 
on oil-generation potential of Tertiary coals from 

western Indonesia (Figure 5) whereby >500 

samples across 14 basins were analysed. The key 

findings are: (i) Tertiary coals have a remarkable 

range of petroleum potential, (ii) the most 

hydrogen-rich coals, with concomitant high-ash 
content, deposited in submerged mires, are most 

oil-prone; (iii) equally H-rich coals, but with low-

ash, deposited in raised mires, tend to be more 

gas-prone; (iv) the favourable type of vitrinite 

(detrovitrinite) is more important than the liptinite 
content; (v) the greater the degree of degradation, 

the greater the petroleum potential; (vi) degree of 

degradation is controlled by water table relative to 

surface of the peat; (vii) climate, depositional 

environment or tectonic setting are unlikely to 

significantly influence on degree of degradation. 
Sykes (2001) reported that paralic coals, originated 

from mangrove swamps, influenced by seawater, 

commonly associated with increased sulphur, may 

also enrich the H-content in the vitrinite.   

Hence, according to Petersen and Rosenberg 

(2000), an in-depth understanding of local 
environmental factors that control HI and the types 

of vitrinite of coals during peat-forming process is 

crucial towards establishing distribution of oil-

prone coaly SR from more gas-prone facies. Such 

additional info to fine-tune SR input in basin 
modelling work may enhance the confidence level 

in charge prediction by highlighting oil sweet spots 

towards improved exploration success rates in 

wildcats drilling. 

 

MODERN SWAMPS AND PEATLANDS AS 
ANALOGUES 

 

Climatic condition in equatorial SE Asia is thought 

to remain largely unchanged since Oligocene. 

Therefore, the study of modern tropical swamps 
and peatlands, as precursors to coal deposits, may 

improve prediction on HC-generation potential of 

coaly SR. Distribution of present-day peatlands is 

broadly influenced by: (i) high rainfall (Figure 6), 

and (ii) low-lying coastal plains, especially in 

Borneo and Sumatra, where large tracts of coastal 

swamps occur (Figure 7) (after Wosten et al., 

2008).   

 

In the NW Borneo, extensive peat swamps along 

lower coastal plains of modern Baram Delta were 
studied e.g. by Anderson (1964), Anderson and 

Muller (1975), Esterle (1990), Esterle and Ferm 

(1994), (Figs. 8 and 9). Raised mires up to 20m 

thick were recorded.  Rapid delta growth was 

estimated at ca. 10m/year (Sandal, 1996).  
 

CONDITIONS FOR PEAT DEVELOPMENT  

 

For peat to form, biomass (OM) production must 

exceed its chemical breakdown. Peats have a wide 

range in degree of decomposition. Kurbatov (1968) 
quoted: “Formation of peat is a relatively short 

biochemical process under influence of aerobic 

microorganisms in surface layers of the deposits 

during periods of low subsoil water. As the peat, 

formed in peat-producing layer, becomes subjected 
to anaerobic conditions in deeper layers, it is 

preserved and shows comparatively little change 

with time”. Therefore, the presence of either 

aerobic or anaerobic conditions decides whether 

any biomass will accumulate and in what form. 

Distinction is made between more aerated 
(oxygenated) forest peats, thus more decomposed, 

and peats formed under swampy conditions, with 

strongly anaerobic conditions. In forest peat, lignin 

and carbohydrates appear to be completely 

decomposed so it generally has a low content of 

such organic compounds, a precursor to thin, 
laterally more continuous and high-ash sapropelic 

oil-prone (Type III/II) coal. Whereas under 

submerged swamp conditions, peats are 

characterised by high contents of cutin and 

presence of much unaltered lignin and cellulose, 
precursors to thick, more localised, and very low-

sulphur and low-ash humic gas-prone (Type III) 

coals.   

 

Most tropical peats develop in low-lying coastal 

swamps (anaerobic conditions) that prevents 
microbiological activity needed for chemical 

breakdown of OM. This largely accounts for 

accumulation of partly decomposed biomass in the 

form of peat. The anaerobic conditions are created 

by a specific hydro-topography, whether marsh, 
swamp, bog or mire, whence the properties depend 

on many environmental factors, including climate, 

landform, local geology and hydrology, but all (of 

the peat’s depositional condition - Ed) have severe 

toxicity; others e.g. mangrove swamps have high-

sulphur and sodium which may reduce oxidation. 
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Figure 5.  Major coal deposits of SE Asia.  Most of the coals are found in Sumatra & Borneo 
(Davies et al., 2007). 

 

Figure 6.  Rainfall distribution in Borneo & Sumatra where most of SE Asian peatlands are 
found.  Rainfall has a significant impact on peat growth. (Source: Wikipedia website, 2018). 
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Figure 7.  Major peat areas (in red) in the Malay-Indonesian Archipelago (Wosten at al., 2008).  

 

Figure 8.  Peak swamp deposits in Sarawak, NW Borneo.  The modern Baram Delta peat swamps is 
located within the brown box (Forest Dept. of Sarawak website, 2018). 
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Figure 9.  Peat swamps of modern Baram Delta (Anderson & Muller, 1975). 
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PEAT STAGES DEVELOPMENT 

 

According to Moore & Bellamy (1974), peat growth 

is initiated if water balance at a site is 

characterised by the equation: 

 
Inflow = Outflow + Retention 

 

Modifying it for climatic factor: 

 

Inflow + Precipitation = Outflow + 
Evapotranspiration + Retention 

 

Peat growth starts within the retention volume, 

with peat acting as an inert body, displacing its 

own volume of water. Peat accumulated in the 

initial depression is primary peat (Figure 10). As 
peat accumulates beyond level at which water is 

drained from the basin, it no longer acts as an 

inert mass but as an active reservoir holding a 

volume of water against drainage. Development of 

primary peats reduces surface retention of the 
reservoir. Secondary peats develop beyond confines 

of the basin or depression (Figure 10). Tertiary 

peats develop above the physical limits of 

groundwater, the peat itself acting as a reservoir 

holding a volume of water by capillary forces above 

the level of main regional groundwater table 
(Figure 10). This reservoir forms a perched water-

table fed only by rain. 

 

 
Figure 10.  Profile of a ridge raised mire (Moore & 
Bellamy, 1974).  The height of the component 
copulas depends in part on the area of the mire & in 
part on the climate. 

In tropical and monsoon climates, 

evapotranspiration is usually too great to cause 

development of secondary and ands, unless there 
is excessive rainfall, well distributed over the year, 

combined with favourable topography, with a 

complete lack of drainage, giving continuous wet 

conditions. Such conditions are found in coastal 

lowlands surrounding Sunda Flats (i.e. Lower 

coastal plains surrounding present-day Sunda 
landmass around Malaysia & Indonesia - ed). 

Topography is invariably basin-shaped within 

natural drainage blocked by natural barriers.   

 

Most modern tropical peats are <10,000 years old; 

SE Asian coastal peats generally <6,000 (Andriesse 

1974; Driessen 1977). Sarawak peat (dated on 
14C) indicates a maximum 4,300-5,400 (Anderson, 

1964; Esterle, 1990). This coincided with melting 

of ice at beginning of Holocene resulting in marked 

sea level changes, which affected low-lying coastal 

regions, changing depositional behaviour of rivers, 

particularly in estuaries & deltas. 
 

Quantity & nature of peat accumulating in a 

depression are very much related to depositional 

behaviour of streams affecting the depression. If, 

e.g., streams change their silt load, say seasonally, 
or there were other longer-term fluctuations, OM 

are contaminated with mineral deposits (shaly 

coal). Changes in stream bed can also influence 

actual site where mineral deposits accumulated 

(mud bands/intercalations). Types of vegetation 

and characteristics of developing peat depends 
strongly on nature of the water feeding the 

ecosystem.   

 

Figure 11 depicts various stages distinguishable in 

peat swamp development (Moore and Bellamy, 

1974), based on studies of mire ecosystems by 

Kulczynski (1949). As already indicated, the flow of 

water is extremely important for the type of peat 

developing, since changes in water-flow signifies 

change from one stage to another. 

 

Stage 1.  Initial deposition of peat - 2 alternative 

conditions to inflowing water: (i) a large flow of 

water brings sediment from outside. This, coupled 

with a slow rate of peat formation due to strong 
oxygenation through large influx of water, results 

in production of a heavy sinking peat, and water 

flow is concentrated near the surface, (ii) a small 

water flow and less material is added from outside, 

so, with a faster rate of peat growth, a light, 

floating peat (gyttja) is produced and water flows 
below a floating mat. 

Stage 2.  Accumulation of peat tends to canalize 

the main flow of water within the basin, leaving 

some areas (hatched) subjected to effects of moving 
groundwater during periods of excessive flow only. 

Two alternatives are recognized: (i) whole peat 

mass inundated, (ii) peat mass not inundated and 

floats. 

Stage 3.  Continuing vertical and horizontal peat 

growth causes the largest part of basin above 

influence of inflow. Water supply mainly restricted 

to rainfall directly on swamp surface with some 

seepage from surrounding areas. Only those areas 
immediately lying along main drainage tracts 
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within the swamp may show a slow continuous 

flow. 

Stage 4.  Continuing peat growth leaves most of 

swamp unaffected by moving water but inundation 
occurs when water-table in basin rises from heavy 

rainfall. 

Stage 5.  Peat surface risen, no longer affected by 

seasonal groundwater fluctuations. By this mature 
stage, a large part of the domed peat is above 

surface of the surrounding flood plains (Andersen, 

1964). Even a slight morphologic elevation can 

dramatically reduce ash due to sediment bypass 

and clay flocculation around the margins (Esterle 
and Ferm, 1994). Dome-shaped peat surface 

possesses its own perched water table fed by rain. 

 
Figure 11.  Model of the succession of mire types 
(Moore & Bellamy, 1974). 
 
Stages (1-3) fed to some degree by water from 

surrounding areas results in topogenous peat, 

precursor to oil-prone coal. Late stages (4-5) with 

almost all minerals available recycled within the 

ecosystem, results in ombrogenous peat, precursor 

to gas-prone coal. 

Andriesse (1974) observed such successive stages 

(Figure 11) in deep peat swamps development in 

coastal areas based on field info in the Sarawak 

Lowlands of Anderson and Muller (1975) whereby 
development of primary, secondary and ands can 

be recognized, and a division can be made into 

topogenous and ombrogenous stages. Anderson 

(1964) also provided evidences of former islands of 

low elevation now completely covered by And 

deposits. 

Figure 11 illustrates that in a strong depositional 

environment, as is often found in a monsoonal 

climate, the evenly-spread accumulating mineral 

deposits will slowly raise the floor of the basin & 

prevents complete blockage of drainage. In such 

cases peat development is either absent or found 
only in small depressions when favourable hydro-

topographic conditions are present. 

Many peat deposits in tropical areas show in cross-

sections the various stages described. Bottom 
layers have rich plant species because of generally 

richer nutrients than overlying layers. Generally, 

there is a gradual impoverishment in mineral 

content of the peat, particularly in major elements 

(Ca, Mg, K & P). Therefore, depth of the peat is an 
important indicator of fertility. Type of the peat, 

whether topogenous or ombrogenous, indicates the 

expected fertility. 

 

RATES OF PEAT ACCUMULATION 

Climate plays a decisive role in dynamics of 

processes involved, e.g., in tropics, greatest rate of 

build-up of silt barriers in rivers. Also, much larger 

amounts of water generally pass through tropical 

systems (rainfall >4,000 mm/year). 

Forest-type peats dominate in SE Asian tropical 

lowlands. The deepest layers of Sarawak forest 
peat (4,300 years old) accumulated at a rate of 

1m/214 years (Anderson.1964); 1m/333 years 

(3,900 years old), but 1m/455 years in last 2,300 

years. Vertical succession in coastal lowlands is 

commonly characterised by mangrove species 

followed by transitional, brackish water 
communities in later stages & evolve to freshwater 

swamp communities & finally replaced by a 

poor Shorea albida monostand on ombrogenous 

raised peat domes. 

In the coastal lowlands of wet tropical belt, 

although forest peat predominates, there are 

exceptions because the type of peat also depends 

on development stages, site characteristics and 

climate. This shows that the degree of degradation 
is controlled by water table relative to surface of 

the peat. Degradation increases oil-generation 

potential.  

SUMMARY 

Oil-prone Tertiary coals are recognised as key SR 

throughout SE Asia, a unique characteristic of 

coals from this part of the world, e.g., the bulk of 
oils from NW Borneo & Malay Basin were 

geochemically-typed to coaly SR. During peat 
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development stages, environmental factors that 

control HI & types of vitrinite, have direct 

implications on whether the coals tend to be more 

oil-prone or gas-prone. Changes in water flow 

signifies progression from one stage to another.  

SE Asian coals possess a wide range of petroleum 

potential. The most oil-prone are high-ash & H-

rich coals deposited in low-lying swamps within 

initial depressions (topogenous peat). Low-ash but 

equally H-rich coals, deposited in raised mires 
(ombrogenous peat) tend to be gas-prone. The 

favourable type of vitrinite (detrovitrinite) is more 

important than liptinite amount. Increased 

sulphur in paralic coals from mangrove swamps 

may also enrich H-content in the vitrinite.  

Large tracts of coastal Sunda Flats, especially in 

Borneo & Sumatra, typically started as submerged 

mineral-rich mangrove swamps, followed by 

transitional brackish-water peat, that gradually 
evolved into freshwater forest-type peat, but still 

subjected to frequent flooding. Finally, the mature 

peat is risen above seasonal flood levels, replaced 

by mineral-impoverished peat domes, fed solely by 

rain. Decomposition in either aerobic or anaerobic 
conditions determines if peat will accumulate & in 

what form? Higher degradation occurs during the 

earlier peat development stages in “submerged” & 

anaerobic forest-type peat than the later stages of 

more aerobic raised peat. This shows that the 

degree of degradation is controlled by water table 
relative to surface of the peat. Degradation 

increases oil-generation potential. 

Therefore, earlier-formed low-lying forest peats, 

often inundated by floods, tends to result in oil-
prone (Type III/II) coals; whereas later-formed 

raised peat domes, risen above seasonal flood 

levels, result in gas-prone (Type III) coals. This 

intimate link between peat development stages to 

either oil-prone or gas-prone coals does indeed 
reaffirm the general notion in geology that “The 

Present is the Key to the Past”!  
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ABSTRACT 

 
Biak Basin is located offshore to the immediate west and southwest of Biak Island. The basin 
contains up to 7,000m thick of sediments, which may be thermally mature to generate hydrocarbon 
if source rocks are present. The stratigraphy of the Biak Basin is generally dominated by carbonate 

sequences of Early to Late Neogene. The basin was drowned during the Oligocene, which could have 
led to source rock accumulation during this period. Then, carbonate platform facies were deposited 
massively above and can be of potential reservoir. The Neogene carbonates consist of two 
depositional sequences, namely Early Neogene sequence that contains Wainukendi, Wafordori, and 
Napisendi Formations; and Late Neogene sequence that contains Korem and Wardo Formations. A 
Late Miocene unconformity separates the two carbonate sequences. 
 
Reservoir rock potential of the Neogene carbonates has been evaluated by using quantitative 
parameters. Based on the evaluation, grainstone interbedded crystal limestone from the Napisendi 
Fm members has porosity ranging from 8.84% – 29.5% which can be categorized as good to special. 
Porosity types of the rock vary from intercrystalline, intracrystalline, and fracturing to vuggy. 
Secondary porosity occurred due to diagenetic rocks processes such as compacting, cementing, 
dissolution and dolomitization. 

 

Keywords: Biak basin, Neogene carbonate sediments, porosity 
 

 

INTRODUCTION 

 

The Biak Island is one of the outer islands located 

to the north of mainland Papua (Figure 1). This 
island is a high area in the northern part of Biak 

Basin and is dominated by massive deposition of 

carbonate sediments. Tectonic development of the 

Biak basin began in the Paleogene, as a result of a 

collision between northern part of the Australian 

Continental Plate and the Island arc (Dewey and 
Bird, 1970; Milsom et al., 1992; Hall, 2002; Cloos 

et al., 2005). The existence of three hiatus in the 

Biak Island is caused by changes in sea level 

which becomes evidences of intense sediment 

deposition in that area (Gold, 2014). Changes in 
the depositional environment have both positive 

and negative effects on the diagenesis processes of 

rock, which in turn had greatly affected the 

formation of rock porosity. 

 

REGIONAL GEOLOGY 
 

According to Hehanussa et al. (1989) and 

Tjiptasmara and Saefudin (2005), the 

morphogenesis of the Biak Island is an elevated 

island which is dominated by carbonate rocks. The  

 

carbonate rocks consist of porous coral limestone 

and limestones which cover almost the whole 

Island. Thus, it made the task to identify the type 

of rocks that lies beneath it very difficult. In 

addition, the presence of oceanic crusts found in 
East Biak has made the stratigraphic conditions in 

Biak Island and the surrounding areas more 

complex. Based on field observations, there are 

seven lithological units that were found in that 

area. The seven lithological units, from old to 

young order, are: 

1. Metamorphic Rock Unit: This rock unit, which 

consists of phyllite, schist, and gneiss, is found 

in the southern part of Supiori Island. This 

unit has foliated texture with very intense 

joints and is filled with quartz veins (Figure 2). 
The quartz grains has an alignment pattern of 

flat minerals. Thus, it can be interpreted that 

the genesis of these rocks is clastic 

sedimentary rocks found on continental plates. 

Masria et al. (1981) stated that this unit is the 

bedrock of the Korido Formation. 

2. Mafic and Ultramafic Igneous Rock Unit: This 

rock unit consists of peridotite, serpentinite 

and basalt (Figure 3). The thin section of the – 
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Figure 2. Basement outcrop (Korido Fm) which shows intensive structure and foliation among granular and 

flat minerals. Thin section shows alignment minerals. 

 
3. Volcanic Rock Unit: This rock unit is found 

adjacent to ultramafic and mafic igneous 

outcrops. This unit consists of breccia and 

tuff. The components of breccia are <2 mm in 

size with sub-angular shape and silica cement 

(Figure 4). The thin section of this unit shows 
mineral quartz as the dominant rock fragment 

(30%) which is then interpreted as the result of 

volcanic activity on the continental plate. 

Masria et al. (1981) stated that this unit belong 

to the Auwewa Formation. 

 

Figure 1. Biak Basin Map and Straigraphic regional of Biak from Masria et al. (1981) and Gold (2014) 

 

serpentinite shows a typical mesh texture 

which is evidence of the serpentinization 

process. The existence of basalt was 
considered to be oceanic crust evidence. 

In the thin section of this outcrop, a 

diabasic texture with plagioclase that 

surrounded the olivine could be seen. 

Masria et al. (1981) stated that this unit 

belongs to the Auwewa Formation. 
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Figure 3. Basement outcrop (Auwewa Fm) which shows peridotite and intensively weathered serpentinite. 
Thin section show diabassic texture of basalt (A and B) and mesh texture of serpentinite (C and D).  

Figure 4. Basement outcrop (Auwewa Fm) which shows high oxidation. Thin section shows quartz as the 
main rock fragment in breccia. 

 

Figure 5. Limestone with interbedded conglomerate outcrop (Wainukendi/Wafordori Fm). Thin section 
shows rock fragment in conglomerate that consist of basaltic, limestone and fossil. 
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4. Calcareous Sandstone Unit: This rock unit 

consists of calcareous sandstone, limestone, 

boundstone-grainstone (Dunham, 1962), with 

the insertion of crystal limestone. Furthermore, 

the interbedded layers of bioclastic-packstone 
and massive conglomerate could be found at 

the bottom. The bioclast grains in the 

limestone are dominated by large forams, 

gastropods, fragments of mollusc shell and 

some parts of algae and coral. Conglomerates 
consist of gneiss, schist, limestone, and 

gastropod shells, matrix of sandy limestones, 

and carbonate cement. The thickness of the 

limestone and conglomerate alternating layers 

was more than 80 meters. The presence of 

terrigenous clastic that has experienced drifted 
downslope, reef rudstone and bioclastic 

packstone (Figure 5) indicates that the 

deposition has happened in the facies belt - 

foreslope (Wilson, 1975). Micropaleontology 

analysis shows an Early Miocene age and was 
deposited in Upper – Lower Bathyal zone. 

Masria et al. (1981) stated that this unit 

belongs to the Wainukendi / Wafordori 

Formation. 

5. Reef Limestone Unit: This unit consists of 

grainstone and boundstone (Dunham, 1962). 

The bioclasts of the limestone is dominated by 

both tabular and domal coral in which shelled 

fossils with the size of >1 cm were found 

(Figure 6). The thin section and SEM Imaging - 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

of this unit showed grain-supported texture, 

algae bioclasts and large foraminifera that 

showed interparticles and moldic porosities 

(Figure 7). The thickness of this outcrop has 

reached 30 meters. The presence of head coral, 

coquina, and bioclastic grainstone indicates 
that the deposition happened in the facies belt, 

platform margin reef facies (Wilson, 1975). 

Micropaleontology analysis shows Middle 

Miocene age and was deposited in Outer Neritic 

– Lower Bathyal zone. 

6. Calcareous Siltstone Unit: This unit consists of 

calcareous siltstone and claystone, with the 

insertion of chalky packstone (Dunham, 1962) 

and is rich in foraminifera (Figure 8). The thin 
section shows the dominance of small 

foraminifera in a grain size. The results of the 

quantitative micropaleontological analysis 

shows Late Miocene – Early Pliocene age and 

the depositional environment gradually moves 

from the Lower Bathyal – Outer Neritic zone 
(Table 1). Masria et al. (1981) stated that this 

unit belongs to the Korem/ Wardo Formation. 

7. Coral Limestone Unit: This rock unit consists 
of coral and chalky limestones (Figure 9). The 

limestone has a relatively coarse texture, grain 

size of <1mm. It consists of coral and algae 

fragments and has good porosity, hardness, 

open fabric and intergranular porosity (Figure 

10). Masria et al. (1981) stated that this unit 

belongs to the Mokmer Formation. 

 

 

 
 

 

 

 

 
 

 

 

 

 

 
 

 

 

 

 
 

 

 

 

 

 
 

 

Table 1. Microplaeontology analysis of Korem/Wardo Formation in the North Biak 
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SEDIMENT DEPOSITION OF THE BIAK ISLAND 

 

The stratigraphy of the Biak Island is generally 

dominated by massive carbonate sediment 
deposition. There were at least two regional events 

in the Neogene that affected the carbonate 

deposition sequence in the Biak Island (Figure 11). 

The first event occurred in the Early Miocene when 

interbedded carbonate and conglomerate were 
deposited at the bottom. The thickness of the 

conglomerate outcrops is more than 50 meters. It 

explains the sudden land subsidence that 

happened due to a significant rise in the sea level 

which resulted in a change of the depositional 

sedimentary environment to foreslope (Wilson, 
1975), namely Wainukendi/Wafordori Formation. 

Furthermore, the depositional environment 

becomes shallower until it reaches the platform 

margin reef facies (Wilson, 1975), namely the 

Napisendi Formation in the Middle Miocene. The 

 

 

 

 
 

 

 

 

 
 

 

 

 

 

 
 

 

 

 

 
 

 

 

 

 

 
 

 

 

 

 

 
 

 

 

 

 
 

 

form was growing massively at the time (Figures 

11, 1-3). 

 

The second event was estimated to occur in the 
Late Miocene-Pliocene when clastic carbonate 

(marl) were deposited. These fine clastic carbonate 

are rich in foraminifera and with the insertion of 

packstone. Its depositional facies happened on the 

slope to the platform margin reef (Wilson, 1975). At 
this time, regional subsidence of the Biak Island is 

thought to happen which has changed the 

environment into deep water. It was evidenced by 

marl outcrops with the thickness of more than 50 

meters that was found in the North Biak. The 

discovery of leaf fossils on the outcrops was 
considered to be the evidence of land subsidence 

that happened in the Middle Miocene-Late 

Miocene. The results of microplaeontological 

analysis shows shallowing depositional changes to- 

Figure 6. Limestone with insertion of crystal limestone (Napisendi Fm) and gastropods as grain. Thin section 
shows bioclast such as algae and foraminifera (A and B) and coral limestone. 

 

Figure 7. SEM Imaging shows calcite as massive mineral that are rounded and anhedral. These images 
show intercrystalline and intracrystalline porosity. 
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younger sediments. Furthermore, the presence of 

massive limestone with the dominance of limestone 

corals was interpreted as the indication of 

shallowing environment. Lifting is currently 

thought to happen on the Biak Island (Saragih, 

2018). This prediction was supported by massive 
carbonate terrace morphology found in the East 

Biak (Figure 11, 4-5). 

 

 

POROSITY OF ROCKS 
 

Porosity analysis was carried out on the rock 

samples in Biak Island as one step to identify the 

potential reservoir rocks of Biak Basin. A 

quantitative porosity analysis was carried out to 

calculate the pores in rock which was then 
compared to the volume of the rock. There were 14 

samples of rocks that were analyzed. The samples 

consisted of: 5 rock samples from the Mokmer 

Formation, 6 rock samples from the Wardo 

Formation, 2 rock samples from the Napisendi 
Formation and 1 rock sample from the Wainukendi 

Formation (Table 2). 

 

 

 

 
 

 

 

 

 

 
 

 

 

 

 
 

 

 

 

 

 
 

 

 

 

 
 

 

 

 

 

 
 

 

 

 

The results of porosity analysis shows two rock 

formations have reservoir rock potential. 

Grainstone with the insertion of crystal limestone 

which belongs to the Napisendi Formation fall into 

good to special category with the porosity that 

range from 8.84% to 29.5%. Based on microscopic 
observations and SEM Imaging, the porosities 

found in this formation were intercrystalline, 

intracrystalline, fracture and some parts showing 

vuggy (Figure 7). The secondary porosity occurred 

due to the diagenetic processes such as 
compaction, cementation, dissolution and 

dolomitization. 

 

Coral limestone in the Mokmer Formation was 

identified as potential reservoir rocks in the Biak 

Basin. The results of the rock samples analysis 
shows the rocks porosity that range from 4.88% to 

37.39%. Thus, the rocks in this formation fall into 

good to special porosity category. Based on the 

microscopic analysis and SEM Imaging, the 

porosities found in this formation were generally 
intergranular and intercrystalline porosities (Figure 

10). The secondary porosity occurred due to the 

diagenetic processes such as compaction and 

cementation. 

1 BK15A Limestone Fm. Mokmer East Biak 16.67 2.28

2 BK15B Limestone Fm. Mokmer East Biak 24.10 2.07

3 BK16 Limestone Fm. Mokmer East Biak 8.42 2.39

4 BK25A Limestone Fm. Mokmer East Biak 24.12 2.19

5 BK28 Limestone Fm. Mokmer East Biak 37.39 1.96

6 BK36 Limestone Fm. Wardo West Biak 22.87 2.06

7 BK40 Limestone Fm. Wardo West Biak 17.95 2.20

8 BK62 Limestone Fm. Wainukendi North Biak 6.20 2.33

9 BK20_P2-1 Limestone Fm. Wardo North Biak 29.37 2.10

10 BK20_P2-8 Limestone Fm. Wardo North Biak 31.85 2.02

11 BK18 Limestone Fm. Wardo North Biak 4.88 2.56

12 BK20 Limestone Fm. Wardo North Biak 8.24 2.39

13 17 BK 93 A Limestone Fm. Napisendi North Supiori 29.58 -

14 17 BK 94 C Limestone Fm. Napisendi North Supiori 24.49 -

Density          

(gr/cm3)
No Rock sample Lithology Formation Location

Porosity                  

(% )

Table 2. Quantitative measurements of porosity of rock samples from the Biak Island 
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Figure 8. Calcareous Silstone (Korem/Wardo Formation) in waterfall located at North Biak as an indication 
of fault structure. Leaf fossils are indication of terrestrial material.  

 

Figure 9. Coral Limestone (Mokmer Formation) with highly weathered. Some places show chalky limestone 
highly weathered. 
 

Figure 10. SEM Imaging shows the texture of coral limestone. The images show two kinds of porosity were 
observed, which are intergranular and intragranular. 
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Figure 11. Illustrated sedimentation in the Biak Island from Tertiary to Recent (modified from Wilson, 1975) 
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CONCLUSION 

 

The Biak Basin is a frontier basin located in the 

north of Papua with potential reservoir rock from 

carbonate sediments of Neogene age. Potential 

reservoir rocks found in the Biak Basin are within 
the Napisendi and Mokmer Formations. Based on 

the results of quantitative analysis, the porosities 

in those formations fall into good to special 

porosity category. The types of porosity found are 

intercrystalline, intracrystalline, fracture porosity 
and some parts showing vuggy porosity. The 

secondary porosity generally formed was caused by 

diagenetic process such as compaction, 

cementation, dissolution and dolomitization in 

both formations. 
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Obituary: Prof. S. George 

Pemberton, Ph.D., P.Geol., 

F.R.S.C. 
 

 
 

On August 4, 2018, the geological community 
mourned the passing of Prof. Stuart George 

Pemberton. Professor Pemberton was most well-

known for his remarkable contributions in 

ichnology that brought Canada to host the world-

leading ichnological community. He received a 
BSc (Honours) in Geology at Queen’s University 

in Kingston, Ontario (1972) and a MSc (1976) 

and Ph.D. (1979) in Geology at McMaster 

University in Hamilton, Ontario. 
 

Professor Pemberton’s scientific accomplishments 

peaked during his career at the University of 

Alberta, Canada, where he started as an 

Associate Professor in 1984 and later advanced 
to Professor in 1987. He had since mentored 

countless students and industry trainees in 

Canada and other 30 countries around the globe, 

from Algeria to Venezuela. Until today, his 

famous trace fossils atlas has been widely used 

by researchers in core facilities across the world. 
 

Among Professor Pemberton’s most notable 

achievements were introducing ichnological 
analyses from 2-D views in cores, integrating 

ichnofossils and facies models, characterizing 

omission suites and substrate-dependent 

ichnofacies for the interpretation of sequence 

stratigraphic surfaces in cores, recognizing the 
impacts of ichnofossils to the reservoir porosity 

and permeability distribution, expanding and 

characterizing the ichnofacies concept, and 

developing the brackish water ichnological model, 

which all emerged in Alberta, Canada. 
 

His legacy also includes the journal Ichnos – an 

international journal of the International 

Ichnological Association published by Taylor and 
Francis – that was co-founded with Dr. Robert W. 

Frey. His undisputed expertise had led to 

numerous national to international awards; 

several of them being Geological Association of 

Canada’s Logan Medal (GAC’s highest honour) in 
2013 and Society for Sedimentary Geology’s 

Twenhofel Medal (SEPM’s highest honour) for his 

contributions to sedimentary geology that is to be 

awarded in 2019. 

 

Contributions to Indonesia 
 

In Indonesia, Professor Pemberton had 

collaborative works with Arco Indonesia and 

Talisman Indonesia in the ‘90s. He produced 

several in-house publications on the Wiriagar 
Deep Field cores in Irian Jaya and co-authored 

several other publications on the Upper 

Cibulakan Formation and the Talang Akar 

Formation in offshore NW Java as well as the 

Paciran members in offshore Bali. Professor 
Pemberton also evaluated cores from Abadi Field, 

in Masela PSC. Possibly there are more 

unpublished report he prepared related to cores 

from Indonesia. Until his latest periods of 

teaching at the University of Alberta, these works 

were still featured in his teaching materials, 
along with his stories on Indonesian socio- and 

geopolitical events that he still memorized and 

eagerly shared to his students of various 

nationalities. 
 

Prof. Pemberton is very excited when Berita 

Sedimentologi editors invited him to submit a 

paper. In 2003 he contributed a paper in Berita 

Sedimentologi #18, titled “The use of trace fossils 
in delineating and interpreting stratigraphic 

discontinuities. James A. MacEachern and 

Murray K. Gingras are the co-authors of this 

paper. Since then FOSI tied a very good network 

with him. 

 

The above photo and excerpt were edited by Nabilah 
Adani from original excerpts published by Society for 
Sedimentary Geology (source: here), Canadian Society 
of Petroleum Geologists, and Earth and Atmospheric 
Sciences Department of the University of Alberta 

(source: here), written by Murray K. Gingras, James A. 
MacEachern, and Michael J. Ranger. 

https://www.sepm.org/CM_Files/Inmemory/George%20Pemberton%20Tribute.pdf
https://www.ualberta.ca/earth-sciences/about-the-department/george-pemberton
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REPORT ON THE 

GEOLOGICAL FIELD TRIP 
TO MAHAKAM DELTA AND 

BALIKPAPAN BAY (AUGUST 
31ST TO SEPTEMBER 4TH, 

2018), ORGANIZED BY FOSI-
IAS-SEPM AS PART OF 

REGIONAL SEMINAR: PAST 
& PRESENT 

SEDIMENTATION IN 

TROPICAL REGION 

Report by Tri Handayani 

Overview 

The Mahakam Delta and Balikpapan Bay Field 

Trip was held on August 31st to September 4th, 
2018 and lead by Dr. Erlangga Septama (G&G 

Advisor for Pertamina EP asset 5 at that time). 

Pertamina EP Asset 5 has carried out several 

fieldworks in the Mahakam Delta, Balikpapan 

Bay and surrounding area since 2013 to improve 

the understanding of subsurface reservoir 
geometry, internal architecture and potential 

sand connectivity in a less constrained style (e.g. 

surface outcrop vs. core or wireline log data). The 

study, as also our field trip; aimed to characterize 

the facies and stratigraphy of the deltaic 
sequence from outcrops and correlates them to 

the subsurface data in Sangasanga Field. This 

field based study is required to fill the knowledge 

gap due to the scarcity of the subsurface data in 

the existing oilfields.  

 

 
Figure 1. The pre-fieldtrip presentation and 
evening discussion 

Day 1, Friday August 31, 2018, Arrival and 

preface 

Prior to the trip commencement, participants 

were prepared with a guidebook and an opening 

presentation about subjects covered to pertaining 
what we will examine during the field trip, what 

is expected by the participants and several 

discussions over soto betawi and coffee and last 

but not least the safety briefing and overview of 

potential hazards during the field trip.  
 

Day 2, Saturday September 1st, 2018, Boat 

trip around Balikpapan Bay 

 

Our first day of field trip started by trip across 

the Balikpapan Bay using traditional long boat, 
where we head up to the first stop-site in the 

Pulau Balang approximately 17 kilometers 

northwest of Balikpapan City. All the way up to 

Pulau Balang we try to spot pesut (Irrawady 

dolphin, Orcaella brevirostris) by possibly 
sighting of their dorsal fin out of the water 

surface. Unfortunately there are no pesut 

encounter during that day, maybe because their 

population is declining into critically endanger 

species, less than 100 species remaining in the 

entire Balikpapan Bay and they are actively 
migrate inside and out of the bay.  

 

Pulau Balang outcrop locality is a location type 

for Pulau Balang Formation (Tmpb in geology 

map). This stop-site is located in the middle of 
the Balikpapan Bay. In these localities we have 

visited two major exposures namely Pulau Balang 

Kecil and Pulau Balang Besar. Both exposures 

are northeast-southwest oriented and comprises 

of 1 hectares (33 x 320 meters) and 160 hectares 

(890 x 1800 meters) area respectively. The 
outcrops in Pulau Balang Besar mostly located 

on the northwest side of the island; most of the 

outcrop ridges are densely vegetated. The outcrop 

structurally lies on the western flank of the 

Samarinda anticlinorium and is steeply dipping 
(30-400) toward northwest. The purposes of the 

visit to this stop-site are to learn about the 

typical succession of the slope channel deposit, 

interpret the ancient slope setting via paleo-

current measurement, and discuss about the 

possibility of this particular package as a a next 
exploration target in the subsurface Paleogene 

reservoir. The discussion about whether this 

outcrop is mistakenly interpreted as a deepwater 

deposit or not is also sparked by Dr. Guntoro and 

result in the further recommendation to elaborate 
the biostratigraphy data. 

 

Second stop-site is at is located in Tanjung 

Jenebora, about 2 hours boat trip from Pulau 
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Balang complex, to study the modern deposit 
side bar.  This stop-site actually is a contingency 

stop as a replacement for the Pulau Gusung 

stop-site that unreachable that day due to the 

rough wave. In this stop-site we are discussed 

about the construction of the side bar, whether 
the tidal and current or the terrigenous 

sedimentation took a major effect on the 

depositional. It turns out from the ripple mark 

direction and the fact that the rivers in 

Balikpapan Bay are mainly intermittent and no 

longer simultaneously deliver the medium 
grained sediment, we have assumed that the tidal 

effect is more dominant factor. To see the 

complete 3D profile of the bar deposit we also 

trenching perpendicular to the sedimentation 

direction. During the excavation, much to our - 
 

 

 

 

 

 
 

 

 

 

 
 

 

 

 

 

 
 

 

 

 

 

 
 

 

 

 

 
 

 

 

 

 

 
 

 

 

 

 
 

 

 

amazement, we found the remains of Cheetos 
plastic wrap that has been buried for more than 

20 cm, explained of how rapid the sedimentation 

processes took place.    

 

On the way back to Balikpapan City, we stop by 
to see bekantan (Proboscis monkey, Nasalis 

larvatus) colony in the primary mangrove forest 

in the one of the estuary area through tidal 

channel passage in Graha Indah complex.  All 

the way down the forest canopy, those of us in 

the boat were entertained by the appearance of 
these funny looking monkeys in the river side 

and also the tale about the alpha male bekantan 

rumored by the ‘ekowisata’ guide.  

 

 
 

 

 

 

 

 
 

 

 

 

 
 

 

 

 

 

 
 

 

 

 

 

 
 

 

 

 

 
 

 

 

 

 

 
 

 
Figure 2. Balikpapan Bay activities, September 1st, 2018 
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Day 3, Sunday, September 2nd, 2018, Modern 

Mahakam Delta 

 
The focus of the second day is studying modern 
sedimentation in Mahakam Delta. All 

participants crossed the Mahakam Delta on a 

seatruck to the south-eastern promontory of 

distributary channel, through Sei Meriam, 

Tanjung Bukang area and Pulau Datuk, from 
head of facies through small distributary channel 

passage. Participants investigate the nature of 

the Mahakam Delta in situ through some 

observation such as the observation of vegetation 

change along the rivers, from lowland 

heterogenous forest to monospecific Nypa and 
Mangrove species, the morphology of channel 

and water depth using echo-sounder, the water- 

 

 

 
 

 

 

 

 

 
 

 

 

 

 
 

 

 

 

 

 
 

 

 

 

 
 

 

 

 

 

 
 

 

 

 

 
 

 

 

 

 

 

salinity using conductivity meter measurement, 
sedimentary grab sample in several channel 

sections (e.g. Sei Meriam, on the way to Tanjung 

Bukang and Pulau Datuk area) to observed its 

grain size, and on the distal end of the Mahakam 

delta plain, participants jump to the sub-aerial 
exposed mouth bar and do the sample coring in 

the mouth bar. Participants examined the 

sedimentary structures and textures that can be 

seen in the mouth bar and discussed about its 

process and mechanism. The main objectives of 

this second day cruise is to understand the 
geometry of the channel and the sediment 

deposit associate with particular facies and 

compare them with the ancient deposit from 

outcrops; and observe the sedimentation process 

on the modern delta system, including the tidal 
prism, hydrodynamic lift effect, and modern 

surficial sedimentary structures.  

Figure 3. Modern Mahakam Delta activities, September 2nd, 2018 
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Day 4, Monday, September 3rd, 2018 Examine 
the complete system, from fluvial to 

deepwater outcrop around Samarinda 

 

The final leg of this trip was spent in Samarinda 

City, studying the impressive ancient 
sedimentary deltaic units in four main outcrop 

complexes. The Stadion Utama is located in the 

Samarinda seberang area (southern side of 

Mahakam River). The 250 meters dip parallel 

outcrop is exposed on both sides of the main 

access toward the Stadion Utama Palaran. The 
outcrop display several repetition of deltaic 

parasequences and present a clear view of the 

deltaic facies changes from the fluvial dominated 

upper delta plain, to the strongly tidal influenced 

lower delta plain and delta front. This outcrop 
provides excellent opportunity to learn about the 

ideal deltaic succession without any significant 

erosional disturbance and also to observe various 

external controls on the depositional 

architecture, included morphology, biogenic and 

oceanographic aspect in the lower distributary 
and delta front area. 

 

The succession at Palaran City Housing exposes 

a 120 meters thick dip view of a meandering 

fluvial point bar which is overlying the delta front 
mouthbar deposit (total succession is 

approximately 150 meters). This outcrop is 

interpreted as a fully terrigenous depositional 

system although in the middle and upper section 

seems to be characterized by a specific intertidal 

burrow. This terrigenous deposit is interpreted as 
a part of a large and  extensive fluvio-deltaic 

depositional system that extend relatively west to 

east in the main belt of ancient Mahakam River 

system. Several phases of channel growth and 

abandonment are observed in the outcrop. The 

medium to large size lateral accretion and 
sedimentary structure such as trough cross 

bedding, planar cross bedding and current ripple 

is observed in the upper section of the outcrop. 

 

In the third stop site we observed the Gunung 
Batuputih quarry from the distance. The 

carbonate platform and build up is inferred to be 

growth along the structural paleo-high ridge 

adjacent to the shelf break. In the eastern extend 

of the outcrop, shallow marine to the shelf break 

stratigraphic succession is observed and could be 
clearly visible as a paleo-landscape if observed 

from hills west of the Gunung Batuputih. The 

slump feature, limestone debris and boulder in 

Green Palm residence suggest the slope 

depositional settings. The outcrop consists of 
thick (more than 100 meters) shale deposit, with 

locally thin silt and sand ribbons. The large 

carbonate boulder is interpreted to be deposited 

as a mass transport deposit delivered directly 
from the shelf break to the deepwater basin.  

  

The mud volcano is interpreted to be occurred in 

the prodelta to the outer shelf environment as a 

result of the loading effect of the overburden from 
thick sediment. The mud-flow mostly travels 

along the weak zone such as thrusting zone or 

anticlinal crest. The mud volcano in Batuputih 

has dated equivalent to the Early Miocene (N6), 

with benthic foraminfera typical to the bathyal 

paleo-environment, thus represent the oldest and 
the deepest depositional system compared to the 

entire stratigraphic succession in our study area 

The trip to mudvolcano was also complement 

with the visit to current ripple mark outcrop in 

the side-road of the North Samarinda ring road. 
The approximately 4 meters high outcrop exhibit 

an excellent and well preserved ripple marks, 

primarily sinuous to linguoid shaped ripple 

appear as a tongue like projections point to the 

current direction. In this stop-site, participants 

are tried to compare one that they have observed 
yesterday in the modern mouthbar deposit. 

 

Finally, we are concluded our trip in Grand 

Taman Sari Kalan circuit outcrops. This outcrop 

exposes an ideal succession of fluvial-deltaic in 
the lower part to marine deposit in the upper 

part. This outcrop is a good example of the fast 

changing depositional environment and could 

become a “miniature laboratory” that represents 

the entire sites we had visit during the last 2 

days (minus the deepwater system). In this 
outcrop we did a small exercise on the 

stratigraphic measuring section, sequence 

stratigraphy and system tract. In order to ease 

the learning processes, we are using the high 

resolution landscape photography of the outcrop 

where participants could draw and overlay their 
idea of interpretation on it. The trip was closed by 

wrap up presentation and discussion to review 

and conclude the whole section we visited during 

this three days.  

Day 5, Tuesday, September 4th 2018 

The group hit the road back to Balikpapan City 

and finally flew to Yogyakarta and attends the 

FOSI-IAS-SEPM as part of Regional Seminar: 

Past & Present Sedimentation in Tropical Region. 

FOSI-IAS-SEPM would like to thank to the trip 

leaders Dr. Erlangga Septama, and all 
participants for their enthusiasm, shared 

expertise and initiation of scientific discussions 

which sometimes lasted through the night. 

Finally, feel free to visit FOSI-IAGI website to 

know more about our activities. 
(www.iagi.or.id/fosi/). 

http://www.iagi.or.id/fosi/
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Figure 4. Ancient Delta outcrops in Samarinda City, September 3rd, 2018 

 
Disclaimer: the information present in this report is not confidential and summarized accordingly.  Please 
find the associated field trip guidebook for more detailed information about each visited sites. 
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SEMINAR REPORT 

FOSI-IAS-SEPM REGIONAL SEMINAR: PAST AND PRESENT 
SEDIMENTATION IN TROPICAL REGION 

 
Report by: Barry Majeed Hartono, Ahmad Najili 
 

Tropical sedimentations are unique. The “unique” 

term that given for tropical sedimentation is 

because that this sedimentation is affected by 

climates, vegetation, and high rate of weathering. 

The understanding of recent and modern tropical 
sedimentation can be used to study the 

sedimentation happened in the past. So studies 

about tropical sedimentation hopefully could help 

and improve the understanding of oil and gas 

exploration or coal exploration. 
 

FOSI 3rd Regional Seminar was held first 

September in Grha Sabha Pramana (UGM 

Conference Centre) Yogyakarta, Indonesia. 

Indonesian Sedimentologist Forum (FOSI) 

together with International Sedimentologist 
Association (IAS) and Society of Sedimentary 

Geology (SEPM) organized the joint Seminar. This 

Seminar was held also as a follow up from lecture 

(FOSI special meeting) in 2016 that was given by 

Prof. Poppe de Boer (Utrecht University) and Ir. 
Herman Darman (FOSI) in Gadjah Mada 

University (UGM). 

 

 

 

 
 

 

 

 

 
 

 

 

 

 

 
 

 

 

 

 
 

 

 

 

 

 
 

This joint Seminar was intended to be a media for 

geoscientist and researchers to share their 

experience, research, and knowledge in order to 

improve the understanding of the tropical 

sedimentation, especially in SE Asia. The 
Seminar initial activity of the Seminar on 

September 5th was oral presentations followed by 

coffee break and poster presentations over the 

next day. 17 posters were presented and 12 talks 

giving a total of 29 contributions. In this 
Seminar, there were also 9 keynote addresses. 

 

The first keynote address was given by Dr. Eko 

Yulianto from Indonesian Institute of Sciences 

(LIPI) and titled “Interdisciplinary Study of The 

South Java Giant Tsunami”. Dr. Yulianto use 
historical records from Babad Tanah Jawa (The 

Book of Java Land) and many possible 

documents to relate The South Java Giant 

Earthquakes and Tsunamis. From the historical 

records, the possible year that tsunami happened 
in historical records are in ~1600 AD. Combined 

with tectonic studies, the possibilities tsunami  
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Figure 1. Keynote 

speakers in the 
first day of the 
Seminar; From 
above: 1) Dr. J.T. 
Van Gorsel (above 
left); 2) Dr. Eko 
Yulianto (above 
right); 3) Dr. 
Charlie Wu (left 
below); and 4) Dr. 
Moyra Wilson (right 
below) (Geoweek 
Documentation, 
2018). 
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occurred are in the southern of Java. The 
problem is discovering the tsunami traps. 

Satellite image was used to determining the 

tsunamis traps. After the tsunamis traps have 

been determined, the evidence of the tsunamis 

must to be found. Dr. Yulianto use plant 
fragments and imbricated conglomerate as the 

evidence of paleotsunami. Samples were taken 

from paleotsunami layer to be examined for its 

foraminifera assemblage. Dr. Yulianto use the 

juvenile foraminifera found in the foraminifera 

assemblage as paleotsunami indicator. The 
reason he use the juvenile foraminifera because it 

is found abundance and undamaged. 

 

The second keynote address was given by Dr. J.T 

van Gorsel from Geoscience Research and titled 
“Depositional Environments of the Indonesian 

Region: When is the Present not the Key to the 

Past?”. Dr. van Gorsel addressed the difference 

between present and past sedimentation in 

Indonesia. The difference is known from the 

present day environment and past Indonesia 
environment. The climates are the main factor 

that differs present-days and past sedimentation. 

From Dr. van Gorsel explanation, at least there 

are 3 conclusions that can be considered. First, 

Modern depositional environment are not always 
a good analogues for deposits from cooler or 

warmer climate periods. Sedimentary record in 

Indonesia probably formed in a different 

condition with the present-days sedimentation. 

Second, modern reefs are probably good 

analogues for the widespread coral-rich Late 
Oligocene-Early Miocene reefal buildups of 

Indonesia. Finally, modern deltas are probably 

good analogues for shelfal deltaic deposits in the 

transgresive parts of Cenozoic rift-basins. 

 

The third was presented by Dr. Charlie Wu from 
University of Indonesia. In this talk, Dr. Wu 

discuss about geostatistics. He gave us 

knowledge about big data issues, geostatistical 

reservoir modelling steps, issues in the 

geostatistical methods, and another options aside 
from traditional geostatistical methods. The most 

important thing from the discussion is 

geostatistical methods only tool to provide models 

of equal probability. We must back to our basics 

and use our geological concept when using 

geostatistics methods, especially when the data is 
limited. 

 

The last keynote address in the first day of the 

Seminar was given by Dr. Moyra Wilson from 

University of  Western Australia and titled with 
“Tropical Carbonate Systems and Reservoir of SE 

Asia”. Dr. Wilson mainly discuss about 

carbonates sedimentation in Paleogene and 

Neogene in SE Asia. The discussion is very 
interesting and very important to understand 

because almost half of SE Asia’s hydrocarbon 

reserves are contained in carbonates. Dr. Wilson 

compared Paleogene carbonates with Neogene 

carbonates from its depositional and its 
diagenetic conditions. Paleogene carbonates in 

SE Asia characterized by foraminifera 

domination, subsiding environment,  and 

unaffected by meteoric leaching. Neogene 

cabonates are characterized by coral domination, 

reefal buildups forming isolated platform and 
repeated subaerial exposure caused by SE Asia 

active Neogene compression. . This condition 

resulting secondary porosities all occurred in 

Neogene carbonates. The conclusion that can be 

take from the discussion is the evaluation of 
variability in SE Asia carbonate reservoirs 

provides much needed data as the hydrocarbon 

industry focuses on improving recovery from 

existing fields and exploring for new reserves. 

 

On the second day of the Seminar, there were five 
keynotes addresses, and four paper and eight 

posters to be presented. The first keynote address 

in the second day was given by Dr. Kim-Kiat Liaw 

from University of Technology, Petronas and 

titled “Coaly Petroleum Source Rock in Malaysia”. 
Dr. Liaw discuss about Type III coaly source rock 

that predominantly gas prone as the source rock 

of three Malaysia’s petroleum provinces. This 

Type III gas prone source rock could not explain 

the distribution of large oil accumulation. For 

example in the Malay Basin, the oil is sourced 
from coaly shale. In Sabah and Sarawak Basin, 

oil has already correlated geochemically to coaly 

source rocks. Therefore, understanding the 

environmental factors that control hydrogen 

index (HI) in the peat forming process is crucial 

to establish the distribution of oil prone coaly 
source rock. Dr. Liaw explained that peat usually 

started off as floating mires. The early immature 

stage of peat development is the precursor to 

Type III coal development. By the time the peat 

reach the mature stage by evolving into dome-
shape raised bog. Domed peat bogs are the origin 

of Type III gas prone which tend to be thick more 

localized. The understanding of the relationships 

between immature peat and mature in peat 

forming process and the petroleum generating 

potential of the resultant coal, reaffirms the 
notion that “The Present is indeed the Key to the 

Past”. 

 

The second keynote address in the second day 

was given by Dr. Meor Hakif Amir Hassan from 
University of Malaya and titled “Miocene 

Mangrove-tidal Flat Deposits From The Nyalau 

Formation of Sarawak, Malaysia”. Dr. Hassan 
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mainly talking about the sedimentology of 
ancient mangrove deposits in Early Miocene 

Nyalau Formation, Sarawak. 

 

The third keynote addresses in the second day 

was presented by Dr. John Warren from 
Chulalongkorn University and titled 

“Globigerinoid Reservoir in Mundu Formation”. 

 

Dr. Warren discusses about two well sites in 

Southern Madura. Dr. Warrren compared this 

three well sites in two different Hareas, area A 
and area B. The area A are characterized by well- 

 

 

 

sorted sand, abundance of Ophiomorpha trace 
fossils and internalites deposits while area B are 

characterized by finer grained, poor  sorted sand, 

and more cementation process. By comparing 

well 1, well2, and well 3, minimal diagenetic 

occurred in well 1 and well 2. One thing that we 

can take from the statement above is 
cementation degrade quality, so well 3 have a 

poor quality as a reservoir. Dr. Warren explained 

that this Globigerinoid is intenalites deposits that 

deposited by internal waves that produced from 

Lombok Straits. 

 

 

 

 
 
 
 
 
 

Figure 2. Five keynote speakers in the second day of the Seminar; From above: 1) Dr. Kim-Kiat Liaw (above 
left); 2) Dr. Meor Hakif Amir Hassan (above middle); 3) Dr. John Warren (above left); 4) Dr. Sandip Roy (left 
below); and 5) Dr. Ludvig van Lowemark (right below) (Geoweek Documentation, 2018). 
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The next keynote address was given by Dr. 

Sandip Kumar Roy from Directorate General of 

Hydrocarbon, India and titled “Impact of 

latitudinal Variations in Tropical Sedimentation: 

Case Study from Andaman Basin. Dr. Roy 
explained that the depositional environment in 

fluvial, shallow marine, and deep marine setting 

in sedimentary basin of tropical latitude are 

influenced by weathering, river discharge, 

monsoonal climate, cyclones, earthquake, 

Tsunamis, and climatic variances. Dr. Roy 
choose Andaman Basin, a convergent margin 

basin in the tropics, as the case study because 

this basin has been influenced by the above 

factors, especially cyclones, earthquake and 

Tsunamis that left their imprint in the 
sedimentation history. In the present day tropical 

cyclones often hit Andaman island. Located near 

the plate boundary of Indian and Eurasian Plate 

frequent earthquake occurred in Andaman Basin. 

This major earthquake and Tsunamis have left 

significant imprints in the basin sedimentary 
record. The imprints represented by soft 

sedimentary structure that have been found in 

Paleogene and Neogene rock record. For example, 

in 2004 the earthquake occurred near Banda 

Aceh lead to Tsunamis, which damaged shoreline 
in the form of corals and other rocks being 

washed into the beach as well as back wash fans, 

and creation of new beaches and upliftment of 

some islands.  

 

The last keynote address in the last day of the 
Seminar was given by Dr. Ludvig Lowemark from 

National Taiwan University and titled 

“Zoophycos: an Amazing Trace Fossil with Some 

Serious Implications to Quarternary 

Paleoclimatology”. Dr. Lowemark explained the 
general characteristic of Zoophycos. He explained 

that Zoophycos has been found in sediment since 

Phanerozoic Eon. Zoophycos evolved towards a 

more complex morphology and adaption to new 

environments corresponds to general shifts and 

changes in the ocean’s biogeochemical cycles and 
the evolution of new groups of organisms over the 

Phanerozoic Eon. From Dr. Lowemark 

explanations it can be concluded that the 

Zoophycos trace fossil represents an adaption to 

an environment where food arrives to the sea 
floor in pulses as a response to seasonal changes 

in currents and wind patterns. 

 

All of the keynotes speakers have already give 

their presentations in the Seminar day. Actually, 

between the keynotes session there are coffee 
breaks for half an hour. In the coffee break, the 

participants can discuss about the presentations 

that have already given by the keynotes speakers 

or the participants can visit the poster display. 

There also seven papers that must to be 

presented oral between the keynotes session in 

the first day and four papers in the second day of 

the Seminars. These papers generally discuss 

about comparison between recent sedimentation 
and ancient sedimentation in SE Asia, especially 

in Indonesia. Studies varied from stratigraphy 

analysis to 2D flume experiment. Papers about 

fossils and ichnofossils also presented in the 

Seminar. Not to be forgot, there were poster 

presentations in the first day and second day of 
the Seminar. This session have duration for 25 

minutes with nine posters presented in the first 

day and eight papers in the second day. These 

posters are also relevance with modern and 

ancient sedimentation in SE Asia.  

Figure 3. Keynote speakers, and paper and 
poster presenters (above). Discussion among the 
participant during poster session (Geoweek 
documentation, 2018). 
 
 

The Seminar was interesting because the 

Seminar focus on transdiciplinarity and 
sedimentology studies by specialist from other 

areas. Another interesting aspect of the Seminar 

is this Seminar is attended by 57 peoples from 

Indonesia and its surrounding countries. From 

57 participants, Thirty-four participants from 

academic institution, 14 participants from the 
industries, include 3 participants from P.T. 

Geoservices (main sponsors), and 9 participants 

from civil services. This Seminar allowed all 

participants from different background, different 

experience, and different area to share their 
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nowledge. Two research topics were proposed for 

next FOSI Seminar and to the network of 

professionals. These topics are: 

1. Stratigraphy and reservoir sedimentology for 

enhanced oil recovery (EOR). 
2. Sedimentology for development of 

unconventional energy. 

 

 

 

 
 

 

 

 

 
 

 

 

 

 

 
 

 

 

 

 
 

 

 

 

 

 
 

 

 

 

 
 

 

 

 

 

 
 

 

 

 

 
 

 

 

 

 

 
 

 

 

 

The outcome of the FOSI-IAS-SEPM Regional 

Seminar is the edition of a special issue of the 

Berita Sedimentologi featuring keynote papers 

presented during two days of the Seminar. 

 
 

 

 

 

 

 

 
 
 

Figure 4. All participant of the seminar 
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