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ABSTRACT

The Paleogene synrift sediments in North West Java Basin area are viable and
prolific petroleum plays and the exploration of the reservoir within these lacustrine strata
likely be a source of future reserve additions, especially in Jatibarang Subbasin. However,
they are exceptionally risky and still moderately understood in terms of their quality,
extent, and connectivity. This study utilizes an extensive database: 22 wells, 216.408 m
core, palynology-biostratigraphy data, 36 2D seismic lines (456 Km), 850 Km? 3D seismic
cube WR H[DPLQH OLQNV EHWZHHQ WKH VWUXFW XH EO VHLXYR/OX W
sedimentary fill architecture, which ultimately reveals the nature of Paleogene
hydrocarbon systems in the Jatibarang Subbasin.

The Jatibarang Subbasin was formed by the transtensional motion, started as a
narrower compartmentalized basin in the Early Eo-Oligocene, turned as a wider
depocenter in the Late Oligocene as the trantension angle is increased. The study defines
environments of deposition across the basin that include: (a) alluvial fan and fan delta
which is located proximal to border faults, turned distally as (b) braided river system (BRS)
which is aligned subparallel +parallel with the splay fault, (c) fluvial plain, and (d) turbidite
lacustrine. Poor reservoir facies and ineffective seal are two petroleum system elements
that found to correspond with the dry wells in the study area. The distal fan facies tend to
create poor reservoir facies due to the high frequency of the sand/shale intercalation and
the simple shear deformation in the transtensional system creates topography inequality
at the end of the rifting period, which consequents the diversity of maximum flooding

events during the early post-rift and impacting the different quality of sealing facies.



The understandings from this study conclude that the Jatibarang Subbasin still
hold several remaining potentials, including future field development and exploration. The
understanding about seal inequality across the basin, detail sedimentology variation and
specific dimension, as well as a different order of structural orientation, are then found to
be extremely helpful in revealing the future reservoir target, trapping integrity and future

prospects in this basin
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CHAPTER 1

INTRODUCTION

1.1 Research Background

The development of new deeper-target petroleum plays have long been discussed
in the South East Asiaregion p(DV\ RLOY LQ SUROLILF EaNAMaQIMURXQG !
such as in the Sumatra-Java back arc basins, the Malay basins and the basins around
Borneo are slowly depleting, resulting in a declining rate of production from existing fields.
Meanwhile, new discoveries have fairly insignificant (Darman, 2016). As a response
towards the current trend, there is strong support among the regions geoscientists to look
for additional reserves in the older, deeper stratigraphic sections. This study of the
Paleogene of the Jatibarang Sub-basin of Indonesia is one such attempt.

Production in many of the basins of northwest Java is from Neogene strata,
however the Paleogene synrift fluvio-lacustrine rocks as well have proven to be viable
and prolific petroleum plays in many of these basins (Noble et al., 1997, Armia, 2017)
(Fig. 1.1). Unfortunately, due to synchronous interaction of tectonics and deposition,
reservoir distribution in these Paleogene rocks is highly complex (Sihombing et al., 2016).
This study is an attempt to unravel the relationship between structural evolution of one

such basin and the synchronous development of reservoirs.

1.2 Objectives and Purpose
The main objective of this study is to examine links between the structural evolution

of the ULIW EDVLQV DQ Raledgkre-ageDsédiQenthry fill architecture of the



Jatibarang Sub-basin of the North West Java Basin. Some points to be highlighted as the
result of study are: (a) the influence of border faults in providing sediment to the basin,
(b) the influence of cross-faults or splays in sediment distribution and routing beyond the
border faults, and (c) the influence of regional stresses on depocenter migration and
accommodation distribution WKURXJKRXW WKH HYROXWLRQ RI WKH EDVL
This study will be a first to integrate bio-stratigraphic data to strengthen and validate
the stratigraphic framework in the Jaitabarang Basin. The chrono-stratigraphic framework
that resulted from this integration of data will provide methods to produce a more accurate
understanding of the basin's form and fill history. Such knowledge will provide a much-
improved understanding of the temporal and spatial changes in the basin's
paleogeography. In addition, the study is aimed to provide additional insights to
comprehend the contributing factors to the success and failure of various wells throughout

the basin, and to propose future exploration and development directions.

1.3 Study Area and Interval

The study area is geographically located in the offshore North West Java Sea,
West Java Province, Indonesia. Geologically, it is situated in Jatibarang Sub-basin, the
most eastern part of the offshore North West Java Basin (Figure 1.1 and 1.2). This study
will be focused on the Talangakar and Jatibarang Formation, which are defined as the

syn-rift deposits of the Jatibarang Sub-basin.
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Figure 1.1 +The distribution of sedimentary basins in Indonesia (modified after Sujanto, 1997, cited in Netherwood, 2000)
with the status of the basin noted. The red box denotes the location of NW Java Basin and individual blue lines are the
location of major modern-day rivers. The thick blue lines mark nation boundaries and Wallace lines is the separator line
between eastern and western Indonesia region.
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Figure 1.2 +The basement time structure map of North West Java Sub-basins (modified
after Noble et al., 1997). The basement depth increases as the area approaches the OO
fault (red hachures). The study area is shown by the presence of the red box. The solid
light blue indicates the modern offshore areas. Brown lines indicate the regional strike-
slip faults.



1.4 Data Set and Methods

The methods employed in this study include (1) sedimentologic analysis and facies
interpretation of core samples, (2) well-log correlation with palyno-biostratigraphy
guidance, and (3) 2D and 3D seismic interpretation as well as seismic facies and seismic
geomorphology of the targeted intervals. Certainly, there is no previous studies have
utilized the volume and variety of data that this study does for a comprehensive look at
the issue of linkages between structure and sedimentology in western Indonesian rift
basins.

This study utilizes 22 wells that penetrate the synrift section of the Jatibarang Sub-
basin (Figure 1.3). In detall, this includes: 10 cored wells, (715 ft in total). One well D2,
has continuous biostratigraphy on the well and six wells have randomly selected
biostratigraphic points (Wells C1, C2, C3, C5, E1 and E4). Thirty lines of 2D seismic data
(456.3 Km) and 850 Km? of 3D seismic data are also used in this study (Figure 1.4). In
addition, most of the wells are also completed with individual checkshot data, which is
utilized in the well-to-seismic tie process.

A regional biostratigraphy study in the NW Java Basin has been conducted by
Noon et al., (1993) and ultimately resulted in Noon's well received palynomorph bio-
zonation of the NW Java Basin. This bio-zonation provides a biostratigraphy framework
within which to integrate log, core and seismic data to define facies, facies associations
and depositional zones that can be carried throughout the basin as an integrated
sequence stratigraphic framework.

Ten seismic horizons are interpreted and are used in delineating seismic events

for seismic interpretation (Figure 3.1). Structure maps are generated on these horizons,



as well as isochron, horizon and 3D seismic-based interval attribute maps. The resultant
integrated analysis is then used to produce new paleogeographic maps of the basin and

assess the influence of structure on reservoir and seal distributions.

/7710 ft of core from 10 wells

Core ——— Depositional Sedimentary Packages
Environment

Bios
Basin’s Form ___ Basin’s Fill Paleogeography
Well Processes Processes Interpretation
Logs
\_ 22 Wells across the basin
Mud log and side well core
Potential
Structure
Seismic
Horizons

\— 36 2D lines (456 Km) and 1 cube 3D seismic (850 Km2)

Figure 1.3 +The methodology diagram which portrays the types of data used, then
integrated to achieve the goal of the study.
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Figure 1.4 - Data availability across the study area.

1.5 Previous Work
This first publication about this basin comes from Adnan et al., (1991) who
explained about the tectonic evolution of the basin and the development of strike-slip
deformation along the basin-bounding fault. Dorojatun et al., (1996) integrated 3D
seismic dDWD FRUH DQG ORJV WR LPSURYH XQGHUVWDQGLQ
heterogeneity. The study revealed the presence of syn-rift deposits with coarse grain
sediment along the bounding fault. +RZHYHU 'RURMDWXQTV ZRUN RQO\ LQI
encompassed by the 3D seismic survey of this study, which is located in the middle part

of the basin (Figure 1.5.).
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CHAPTER 2

REGIONAL GEOLOGY

2.1 Basin Physiography

North West Java Basin is defined as part of the Western Indonesia back arc basin
as it is, present day, expanding behind the volcanic arc of Java and Sumatra Island. The
North West Java Basin is situated at the southern end of the Sunda Craton, formed by
rocky assemblages associated with the active margin of a plate convergence in the
Cretaceous (Aveliansyah et al., 2016). The NW Java Basin extends for 40.000 km? and
is comprised of a group of north-to-south or northwest-to-southeast oriented Sub-basins
that span both onshore and offshore settings (Figure 1.2). The Jatibarang Sub-basin is

one of these offshore Sub-basins.

2.2 Tectonic Evolution

The tectonic evolution of North West Java Basin begin in Upper Cretaceous when
most basement was formed in most areas, as the consequence of multiple plate
amalgamations from Gondwana, Eurasia and the Australia plate (Hall, 1995). Oblique
subduction through time is interpreted as the major tectonic influence (see Figure 2.1)
and consequently initiated half grabens and formed various sub-basins in North West
Java Basin area. (Asikin et al., 2003; Sribudiyani et al., 2003; Hall, 2009).

Unlike the other sub-basins with more northward axis orientations, the major fault
orientation in the Jatibarang Subbasin is NW £SE (Figure 1.2). This orientation is likely

to have been formed in the beginning of the regional oblique subduction, which indicates



an older deformation history in the Jatibarang compare to other sub-basins in the region
(see Figure 2.1.A and Figure 2.1.B).

During the oblique subduction in Paleogene, a series of volcanic arcs were formed
along the Java Islands and deposited thick volcaniclastic sequences. The local names for
this volcanoclastic deposit was the Jatibarang Formation in the NW Java Basin, and Old
Andesit Formation (OAF) in Eastern Java region. The Lower Talangakar Formation,
overlying the Jatibarang Formation, were terrestrial sediments shed from the surrounding
highlands into the rift basin. These rifts contained several lakes during this time whose
lacustrine deposits later acted as petroleum source units (Figure 2.2).

In Oligo-Miocene time, the existing oblique subduction in the North West Java
Basin became influenced by counter clockwise rotation as the Australian continent moved
northward and pushed the southeastern tip of Eurasia plate (known as Sundaland) in to
counterclockwise motion (Figure 2.1.C). By Oligo-Miocene time, extension was
essentially complete in the North West Java area and the sub-basins were initiating the
sagging phase of their development. Relative sea level rose and deposited the Upper
Talangakar Formation (transitional-marine), the Baturaja Formation (carbonate build up
and platform), and the Upper Cibulakan Formation (transitional-marine, Hall, 2009, see
Figure 2.2).

Pliocene to the recent, the basin has been dominated by volcanism and the roll-
back subduction processes has been ongoing (Hall, 2009). During this time, a regional
regression limited sediment supply to the Jaitabarang Sub-basin and produced the
Cisubuh Formation. This formation was deposited while compression occurred due to

modern subduction zone that parallels Java Island (also see Figure 2.2).
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2.3 Regional Stratigraphy

Numerous publications on the general stratigraphy of the North West Java Basin
exist (Suherman et al.,1986, Sinclair et al.,1995, and Ryacudu and Bachtiar, 1999). The
efforts have resulted in codification of formation names that are currently in use, such as
Basement (Cretaceous *Paleocene), Jatibarang Formation (Eocene zEarly Oligocene),
Lower Cibulakan and Upper Cibulakan that ranges from Late Oligocene to Middle
Miocene (Talangakar, Baturaja, Massive, Main, Pre-parigi), Parigi Formation (Late
Miocene), and Cisubuh Formation (Late Miocene zrecent). This study is focused on the
interval between the Top of Jatibarang Formation (Top Volcanic) and the Top of
Talangakar (Figure 2.2 and Figure 3.1).

The latest stratigraphic chart of the NW Java basin that was made and modified by
Aveliansyah et al., (2016) mentioned the presence of several pra-tertiary unit called the
Pre-Talangakar Formation (see Figure 2.2). This formation consists of carbonate build-
ups and volcanic beds. In the Jatibarang Subbasin, the presence of foot-wall derived
sediment along the border fault is intercalated with finer sediment from the Lower

Talangkakar Formation and the volcanic units from the Jatibarang Formation (Figure 2.2).

2.3.1 Basement

The basement rock of North West Java Basin is dominated by metamorphic rocks
(schist, gneiss) with several localized volcanic intrusions (granite, phorphiritic
microgranite) and some limestones (Aveliansyah et al, 2016). The youngest basement,
an intrusive rock sitting on metamorphic rocks, is situated in the Tangerang High (age
57.8 £ 3.5 Ma). An intrusive rock on a metamorphic sequence is also found in the eastern

part of the Jatibarang area (65.3 +3.9 Ma). An older basement (metamorphic argillite) is
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found in the Pamanukan area where the age is estimated to be around 213 + 11 Ma

(Sinclair et al., 1995).

2.3.2 Jatibarang Formation

The Jatibarang Formation was deposited in the Late Eocene to Early Oligocene. It
is mainly composed of pyroclastic and extrusive volcanic rocks (Figure 2.2). The genesis
of this formation is poorly understood (Sinclair et al., 1995). More recently, Clement and
Hall (2007) suggest that this formation is a product of volcanic processes originating in
the Jatibarang area. However, little evidence exists that this basin experienced any intra-
continental rifting which might produce such volcanism. Furthermore, findings at the
Arjawinangun well (Figure 2.3), suggest a provenance for the Jatibarang Formation lies

to the south (Aveliansyah et al., 2016) during the Late Eocene to Early Oligocene.

2.3.3 Talangakar Formation

The nature of the stratigraphic transition from the Jatibarang Formation to the Lower
Talangakar (Early Oligocene to Lower [?] Late Oligocene) is quite unclear (Sinclair et al.,
1995 and Aveliansyah et al., 2016). In this study, the Lower Talangakar is defined by its
complete lack of volcanic material. It varies in character from coarser fluvial-alluvial
material, to finer lacustrine sediments. Noon et al., (1993) utilized biostratigraphic data to
date the units of the Talangakar in the basin to confirm an Early to Late Oligocene age
for these units, effectively redefining them as part of the Lower Talangakar Formation.

The Lower Talangakar shows a gradational contact with what is named as the Upper
Talangakar (Late Oligocene, Figure 2.2), a unit which contains more coaly lithologies and
a shallower marine-influenced lithofacies assemblage. Examples of increasing marine

influence in this unit include deltaic shale, carbonate stringers, carbonate and highly
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carbonate cemented sandstone and units with an abundance of carbonate stringers

(Sinclair et al., 1995 and Aveliansyah et al., 2016).

2.3.4 Baturaja Formation (Lower Cibulakan)

The Baturaja Formation (Early Miocene) overlies the Talangakar Formation and
dominantly consists of limestone. These units are believing to mark stratigraphically a
major sagging event and increase in relative sea level in the basin (Figure 2.2). Several
additional lithologies are also found in this formation, including glauconitic claystone, marl
and dolomite, which also suggest a deepening of marine waters. Shallow marine
(approximately 65 m water depth) is interpreted as the major depositional environment of
the Baturaja Formation based on the occurrence of Spiroclycpeus sp and domination of

massive limestones (Sinclair et al., 1995).

2.3.5 Main and Massive Formation (also called as Upper Cibulakan)

This Formation (Early Miocene to Middle Miocene) consists of several members,
that include the Massive Sandstone, the Main Sandstone, the Pre-Parigi, and the Upper
Cibulakan Limestone, respectively from oldest to youngest (see Figure 2.2). The XQLW {V
name comes from thick massive sandstones which intercalated with claystone and
limestone. This formation reflects a basin wide increase of sediment supply, immediately
following the deposition of the Baturaja Carbonate. Thickness of this formation varies from
1000 feet in the north area of West Java and to over 3000 feet in the southern part of

West Java (Sinclair et al., 1995).
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2.3.6 Parigi Formation

The lithology of Parigi Formation is dominated by limestone and intercalated with
dolomite, arenaceous limestone and argillaceous limestone. It was deposited in a shallow
marine environment (inner middle neritic) and the foraminifera fossils indicate the age

to be Late Middle Miocene to Early Late Miocene (Sinclair et al., 1995).

2.3.7 Cisubuh Formation

Cisubuh Formation consists of claystone which intercalates with sandstone and
limestone. The age of this formation is considered to be Late Miocene to Plio-Pleistocene
(based on Arpandi and Patmosukismo,1975, see Figure 2.2). The thickness of this
formation is up to 2500 feet in the southern regions of West Java, but the formation thins
in the northern part of West Java. This formation is unconformably overlain by
Quaternary-age deposits, which consist of unconsolidated gravel, sand and clays

(Sinclair et al., 1995).

2.4 Petroleum System Overview

Successful hydrocarbon discovery in the Jatibarang Sub-basin requires all elements
of the hydrocarbon system, including reservoir, source, trap and timing and migration to
create a positive scenario for hydrocarbon pooling. Exploration success in the basin, in
the past several decades, has been mixed (Figure 2.4), with early efforts focusing on the
near-border-fault areas, which were believed to be the lowest risk targets (Figure 2.5).
More recent efforts have explored the basin center area (D1 and D2 well), which
successfully discovered hydrocarbons (Figure 2.5 and 5.1).

Effective reservoirs are almost ubiquitous in the basin, being found in all formations

(Figure 2.4). Lithologies range from coarse conglomerates to silty sands and carbonates.
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Porosities and permeabilities range in sandstones from 7-28%, 500 + 1000 mbD,
respectively and in carbonates from 31 £36%, and 100 £1000 mD, respectively. Products
range from biogenic and thermogenic gas to 34 +40 API oil with most of the shallower
stratigraphic reservoirs filled by biogenic gas, and the deeper reservoirs are filled with a
mixture of oil and thermogenic gas (Pertamina, 1996, Noble et al., 1997, Bishop, 2000).

In the Jatibarang Sub-basin, most of the hydrocarbons (both oil and gas) are found
in the reservoirs of the Lower Talangakar Formation. Traps at this level are fault block
closures and seals across bounding faults are marine shales of the Upper Talangakar
Formation. In addition, structural highs on the up-thrown footwall block of the basin
bounding fault (Figure 2.5) are filled by migration across the fault and into these traps
(Adnan et al., 1991).

In terms of source rock, Noble et al., (1997) mentioned several types of source rock
that might be present in North West Java Basin (Figure 2.4), including, Oligocene
lacustrine shale (oil prone), Oligo-Miocene fluvio-deltaic coal (gas prone) and Mio-
Pliocene marine claystone (mostly formed as biogenic gas). Sub-basins of the North West
Java Basin are dominated by fluvio-deltaic and marine claystone source rock (Noble et
al., 1997), however the source rock of Jatibarang Subbasin is mostly composed of
lacustrine shale. This source rock, part of the Lower Talangakar Formation, is interpreted

WR KDYH EHHQ GHSRVLWHG GXULQJ ODWH V\QULIW VWDJHV R
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CHAPTER 3

%%$6,116 ) ABION PROCESSES

The purpose of this chapter is to outline the forming history of the Jatibarang
Subbasin, based on analysis of the structural elements, structural configuration and
WHFWRQLF HYROXWLRQ 7KH UHVXOWLQJ REVHUYDWORQV UH
be used to assess accomodation development through time and its impact on
stratigraphic elements in the study area.

2D and 3D seismic data are used in this chapter. Ten seismic markers are picked
WKURXJKRXW WKH EDVLQYYV HQWLUH VB&dd bf Warigi B@rBatianE VHFWLF
Main Sandstone, Top of Baturaja Formation, Top of Talangakar Formation, Top of Synrift,
SB2, SB3, SB4, Top of Jatibarang (Volcanic), and Basement (see Figure 3.5t0 3.9) . The
D2 well, which contains complete logging suites, core, cutting and biostratigraphic data
(Figure 4.15) was used to assist with border fault to deep basin correlations and to confirm
the nature of interval lithology and sedimentology. The correlation between seismic
events and the well-picked stratigraphic markers is shown in Figure 3.1.

As the quality of seismic resolution decreased in the deeper stratigraphy, the
basement marker is not clearly visible. This degradation of seismic quality in the deep
basin, means that the basement marker is only picked in the footwall strata along the
eastern and southern parts of the study area. Top Basement horizon picks were
extrapolated on seismic sections (Figures 3.5 to 3.9), into the more basinal areas using

the regional time basement map from Noble et al., (1997, Figure 3.2) as a guide.
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Figure 3.2 tModified regional time basement map from Noble et al., (1997), showing the

border fault systems in the study area with their individual name (adapted from Ryacudu

and Bachtiar, 1999). The long reddish lines showing the regional faults. Previous
LOQWHUSUHWDWLRQ DVVXPHV WKHVH UHJLRQD ODMVMIHPHOW YWR E
depth in study area is estimated to be around 2.0 £3.0 ms.

23



Seismic horizons were interpreted using a detailed 10 x 10 grid of crosslines and
inlines, allowing capture of smaller faults and interpretation of detailed paleo-topography.
The majority of the study area in the basin is covered only by 2D seismic. However, 3D
seismic data in the middle regions of the basin enable a much more detailed analysis of
the structure (see Figure 3.2). The availability of higher density data results in the mapping
of a higher density of faulting in this area. These faults are shown as black polygons on
the time strucWXUH PDS ZKHUH WKH ZLGWK RI HDFK SRO\VJRQ UHSL
complete analysis on each mapped horizon is shown in Appendix A. Five time-structure

maps from the synrift interval are shown in Figure 3.10 to Figure 3.15.

Basement

Figure 3.3 xThe left chart showing the 3-dimensional view of the interpreted faults in the

study area (n = 181 faults). The right chart showing the terminologies that are used in the

study area based on Wu et al., 2012 D 3%RUGHU )DXOW’" ZKLFK LV ORFDYV
side, E 36LGHZDOO )DXOW" ZKLFK LV ORFDWHG DW WKH 6( SDU\
which is situated in the basinal area.
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3.1 Structural Configuration and Variability

181 faults are interpreted in the study area. Since most the available seismic
sections only have interpretable imaging down to -3500 ms, several major faults are
projected (dashed lines) to depth (Figures 3.5 to 3.9). This structural evaluation interprets
a negative flower structure at depth that is associated with a setting of strike-slip extension
or transtensional deformation in the study area.

The study area appears to be highly faulted, showing both extensional and oblique
extensional faults (Figure 3.5 to Figure 3.9, Appendix A). Compressional faults are
absent, and the faults at the synrift level appear to link with overlying, younger growth
faults. Faults in the study area are basically categorized as: (1) basin border faults, (2)
cross basin faults or splay faults and (3) side-wall faults (Figure 3.3), where each of them
is distinguished based on their unique strike orientation and their development through
time (Figure 3.17 and Figure 3.18). The relationship between D IDXOW{V VWULNH DQG
length through time is illustrated by the radial plots that are shown together with the
specific surface in Figures 3.10 to 3.15 (Appendix A). However, these plots only illustrate
fault dimensions and strike orientations. Rose diagrams of fault orientation frequency

JLIXUH DUH D PHDQV WR IXUWKHpattéthV XDOL]H WKH EDVLC

3.1.1 Border Fault and Side-wall Fault

A single major border fault is documented in the basin. This border fault, also known
in this basin as the bounding fault is defined as the master fault segment that separates
the depression zone (the pull apart area) with the basement, acting as the principal
displacement zone (PDZ) in the basin. This border fault is linked with a transverse system

of oblique-extensional fault, ZKLFK DUH WHUPHG ZDV O TE DDVAQW L WK DSWHG
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et al., 2012). The border fault is found to be consistently oriented NW +SE (ranges N
292°E +N 302°E, Figure 3.18). The side-wall fault, which is approximately perpendicular
to the Border Fault, are consistently oriented from NE +SW (ranges N 13°E +N 15°E,
see Figure 3.18).

The border fault and side-wall faults at all horizons are found to be consistently
segmented (en-échelon), and each segment varies from <2 km +13.5 km (see Figure
3.17). The discontinuity of this segmented border fault and side-wall fault in the synrift
section forms a series of relay ramps that may potentially act as the sediment gateways
into the basin. In addition, a previous regional time basement map by Noble et al., (1997)
interprets these three types of faults as continuously extending across the entire basin
(Figure 3.2). Ryacudu and Bachtiar (1999) elaborated that the north and south border
fault systems have different names. The northern border fault system is known as the OO

Fault; while the southern border fault system is known as Brebes Fault (see Figure 3.2).

3.1.2 Splay Fault

Splay faults, also known as cross basin faults are defined as a series of en-échelon
strike-slip faults that are situated in the middle of the basin. Strike orientation of cross-
basin faults initiated at N 28°E +N 31°E during Miocene (fault orientation shows at Figure
3.18). By Oligocene time, these faults had rotated to an orientation of N 22°E +N 24°E in
Oligocene and by Eocene-Oligocene time (Top of Jatibarang horizon) these faults were
displaying a much more north-south oriented strike at N 15°E.

Although splay faults can be found across the entire study area, we have taken data
on these faults exclusively from the 3D seismic area to minimize uncertainty in our

guantitative measurements of this fault family. Figure 3.17 showing splay fault lengths
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and frequencies at all surfaces. Anomalously long faults (4.5 +7.5 Km) are present in the
basin, but comprise less than 3% of faults, at all horizons.

Splay faults on post-rift surfaces show the following proportional class distribution:
the < 1.5 Km faults range from 45 £57%, and the 1.5 +3 Km faults range from 25 +38%
of the splay fault population (Figure 3.17, Appendix A.1 to A.4) In contrast, the synrift
surfaces are dominated by smaller, <1.5 Km long faults (64 +70% of the population). The
1.5 £3 Km long faults vary 16 +22%, or nearly a third less than frequencies seen on the
post-rift surfaces (Figure 3.17, Appendix A.5 to A.9).

Splay faults are VXJIJHVWHG WR FUHDWH 3V KsRU#eéasigbendD FUR V V
geometries as they widen, allowing the fault zone to straighten. These type of faults are
better developed in transtensional pull-apart basins (Wu et al., 2012). Both post-rift and
synrift surfaces in this basin show decreasing numbers of faults as fault lengths increase,
suggesting that smaller segments truly are merging over time to form larger segments.
In this subbasin, the predominant length of splay faults is less than 3 Km (~70 to 80%)

and only 12 +20 % of splay faults are greater than 3 Km.

3.1.3 Growth Fault
The plot of strike and length of all faults in Figure 3.16 show that all the post-rift
faults exhibit a similar strike direction with WKH V\QULIWYfV IDXOWV 7KLV REVI
the possibility of growth faults in the shallower section as continuation of the existing
deeper faults. In addition, the heave at the post-rift interval tends to be less in width, which
is probably as the consequence of minor extension such as growth fault (see Appendix

A, Figure 3.10 to Figure 3.15).
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Figure 3.2. The left chart showing the original composite seismic lines with interpreted seismic horizons & faults, while the right
chart showing the interpreted section schematically. Since the available seismic section only penetrates until -3500 ms, several
SURMHFWLRQV RQ WKH EDVLQYYVY PDMRU IDXOWV DUH VKRKZ2QHKMAWHDE S KYY DREHOGDR KFQ

QHIJDWLYH GLYHUJHQW IORZHU VWUXFWXUH $ VHWIKHVERIV\E@MNHMBUHCconSe@iY V DUH |
to the development of depression in this section. The basement and volcanic unit here are schematically drawn since the
seismic resolution decreases downward.
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Figure 3.6 xChart showing the composite seismic section of B- %
Figure 3.2. The left chart showing the original composite seismic lines with interpreted seismic horizons & faults, while the right

chart showing the interpreted section schematically. A series of domino fault is found in the NW part but only creates minor and
local depression. Since the available seismic section only penetrates until -3500 ms, sHYHUDO SURMHFWLRQV RQ WK

faults are shown in dash lines and suggest a possible occurrence of a negative/divergent flower structure. The basement and
volcanic unit here are schematically drawn since the seismic resolution decreases downward.
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Figure 3.7 x£Chart showing the composite seismic section of C-& { 1: SE) and the location of this seismic line is shown in

Figure 3.2. In this composite section, all seismic data are sourced from the 2D lines. The left chart showing the original
composite seismic lines with interpreted seismic horizons & faults, while the right chart showing the interpreted section
schematically. The basement and volcanic unit here are schematically drawn because the seismic resolution decreases
downward. Since the available seismic section only penetrates until - PV VHYHUDO SURMHFWLRQV RQ WKH
are shown here by using dash lines which suggests a possible occurrence of negative/divergent flower structure.
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Figure 3.8 *Chart showing the composite seismic section of D-' DQQ Y( 6: ME) and the location of these seismic
lines are shown in Figure 3.2. In this sections, all seismic data are sourced from the 3D seismic. At each section, the left

chart showing the original composite seismic lines with interpreted seismic horizons & faults, while the right chart showing

the interpreted section schematically. The basement and volcanic unit here are schematically drawn because the seismic

resolution decreases downward. Due the limited seismic penetration, several significant faults are projected as dash lines,

which includes the border fault and the splay faults. The configuration between splay fault and border faultatD-'Yf VKR ZV D
bigger negative flower structure. The negative flower structure still exists at E-(f EXW UHODWLYHO\ LQ VPDOOHU

VHYHUDO EDVLQYV VSOD\ IDXOWYV
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Figure 3.9 + Chart showing the composite seismic section of F-)§ 1: S$E) that
represents the northern cluster. In this composite section, all seismic data are sourced
from the 2D lines. The location of this seismic line is shown in Figure 3.2. At each section,
the left chart showing the original composite seismic lines with interpreted seismic
horizons & faults, while the right chart showing the interpreted section schematically. The

basement and volcanic unit here are schematically drawn because the seismic resolution
decreases downward
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Figure 3.10 +Chart showing the time structure map of Top Talangakar Formation (Figure
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Figure 3.11 +Chart showing the time structure map of Top Synrift (Figure A) and the
UDGLDO SORW EHWZHHQ WKH IDXOWfV VWULNH DWW G CCHMNJ W K
SRO\JRQ DQG WKH ZLGWK RI WKLV SRO\JRQ UHSUHVHQW IDXO
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Figure 3.12 +Chart showing the time structure map of SB2 (Figure A) and the radial plot
EHWZHHQ WKH IDXOWYfV VWULNH DQG OHQJWKSRBDIARE mQG)D:
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Figure 3.13 +Chart showing the time structure map of SB3 (Figure A) and the radial plot
between the faulWwW{V VWULNH DQG OHQJWK )LIJXUH % )DXOWYV DUH
WKH ZLGWK RI WKLV SRO\UJRQ UHSUHVHQW IDXOWYV KHDYH

35



A " . ' B Fault Orientations (deg) and Fault Length (r)
Base,"&" N
Time Structure Map - SB4

Border Faults «. %0 @
SB4 & Basement 4 b
Elevation time [ms] 3 4 >
> y =
256, - R > 2
K o) o 3
3 = Faults (2D) "
— S y 210 2 w0
Sidewall Faults
Splay Faults (3D)
n =82
Contour Interval = 100 ms mmm— Border Fault o
| 10000m | . Splay Fault (3D Seismic)
= Splay Fault (2D Seismic
@ welis play.Feulk( )
W Sidewall Fault

Figure 3.14 +Chart showing the time structure map of SB4 (Figure A) and the radial plot
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Figure 3.15 +Chart showing the time structure map of Top Jatibarang (Figure A) and the
UDGLDO SORW EHWZHHQ WKH IDXOW fuvitsvave plotéetH aDlilack O HQ J W K
SRO\JRQ DQG WKH ZLGWK RI WKLV SRO\JRQ UHSUHVHQW IDXO
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Figure 3.16 +The plot of strike and length of all faults, all border faults and all side-wall faults from nine (9) surfaces. Most
of the fault typesare FRQVLVWHQWO\ RULHQWHG LQ D VLPLODU GLUHAWALRY IDKOW 8 MRW H(
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Figure 3.17 +Chart showing the evolution splay fault (3D), border fault and sidewall fault in term of fault length and fault
number (n). The number of splay fault at the post-rift interval shows smaller fault (<1.5 Km) range from 45 +57%, and the
medium (1.5 +3 Km) faults range from 25 +38% of the splay fault population. The synrift interval is dominated by smaller
fault (64 +70% of the population) and the medium fault (1.5 +3 Km) only takes 16 £22% of the population.
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Figure 3.18 +Chart showing URVH GLDJUDP RI WKH IDXOWYYV PDLQ VWULNH RULHQWDWIRRQ E
Early Oligocene to Late Miocene. The value of average strike at each plot is shown as a black line, n stands for the number
of faults that are included in the plot, and age determination here is based on the biostratigraphy data taken from well D2.
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3.2 Isochron Development

Isochron maps are a relative representation of sediment thickness within any

particular interval. The utility of isochron maps is to highlight any stratigraphic thickening

DQG WKLQQLQJ DFURVV WKH VWXG\ DUHD ZKLFK LOWMWWUDW
and highlight accommodation changes both spatially and temporally. Five isochron maps

are generated using all of the available data and include the following intervals: SB4 *

Top Jatibarang (Volcanic), SB3 +SB4, Top Synrift +SB3, Top Synrift +SB2, and Top

Talangakar +Top Synrift (Figures 3.19 to 3.23).

There are at several observations found common between all the maps. First, the
NW and the SE portions of the isochron maps show increased interval thicknesses when
compared to the central portions of the maps. The central portions of all isochron maps
show consistent southward interval thinning, and show the consistent presence of
several, smal- ORFDOL]J]HG LQWHUYDO WKLFNV DORQJ WKH EDVLQTYV
between thicker areas in the SW portion of the basin and the central portions of the basin
appear to parallel the splay fault orientations. In addition, localized thick mentioned above
also appear to parallel the splay faults in the basin.

In contrast to the temporal consistency accommodation in the SW and central
portions of the basin, the SE portion of the basin experiences changes in accommodation
(ie., thickness of strata) through time. The isochron map of SB4 + Top Jatibarang
(Volcanic) (Figure 3.23) shows the SW portions of the basin characterized by several
elongated thicks whose long axes lie parallel to splay fault strike. In contrast, the isochron
map of the immediately overlying SB3 to SB4 interval shows transition to a radial-shaped

sediment thick in this portion of the basin (Figure 3.22). In the overlying Top Synrift +
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SB3 time interval (Figure 3.21), the same radial-shaped thick remains prominent in the
SE portions of the basin with time thicknesses reaching ~ 390 ms.

The SB2 £SB3 interval isochore reveals this unit to be of limited spatial extent, with
its thickest area being in the central portions of the basin and the unit thinning to a 0 edge
toward the southeast (see Figure 3.5 to Figure 3.9). Individual seismic sections show thin
pinchout as well.

Sediments of the Top Talangakar +Top Synrift interval are deposited in the early
post-rift stage of basin development. At this stage, the extensional deformation
decreased, allowing more sediments outside the basin to fill accommodation available in

the basin.

3.3 Key Findings from Faults Orientation and Isochron Development

The integration between fault orientation observations and isochron mapping results
SURYLGHYV D XVHIXO PHDQV E\ ZKLFK WR X QG H UVOWDLPE® WHKE\ E
illustrating the role of tectonics in forming and influencing the fill of the basin.

Border faults and side-wall faults in the basin illustrate consistently similar
orientations, however the splay faults show temporal changes in orientation (Figure 3.18).
The evolution of splay faulting is illustrated in the isochron maps over time, as these splay
faults are essential in dividing and developing lows within the basin. The early rifting stage
shows more segmented thickening-thinning area (see Figure 3.23), compartmentalized
with + N 15°E of oriented splay fault. The value + N 15°E is taken from splay-fault average
trends at the Top Jatibarang (Volcanic) time structure map (Figure 3.15, Figure 3.18),
which may represent the early rifting stage. The late rifting stage shows bigger and thicker

depression zone (Figure 3.21) with + N 23°E oriented splay fault. The value + N 23°E is
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taken from the splay fault average trend at the Top of Synrift time structure map, which
represents the late rifting stage (Figure 3.11, Figure 3.18).

Another interesting point is that the intersection angle between the strike of the splay
fault and the border fault uniquely differ during the early and the late rifting stage. During
the early rifting stage this intersection angle is 75°, whereas during the late rifting stage
these faults show a near 90° intersection. Such high degree of intersection suggest that
the study area is deformed transtensionally (adapated from Wu et al., 2012), and the
increase of intersecting angles from 75° to 90° suggests an increase in the intensity of
transtensional deformation (adapted from Wu et al., 2012) (Figures 3.18 and 3.27). Such
changes may be the consequence of regional tectonic (see Figure 2.2) activity

overprinting the extension of this basin.

3.4 Forming Mechanism of Jatibarang Sub-basin

The understanding of pull-apart basin formation is often simplified into a pure strike-
slip motion, with limited attention paid to the transtensional elements (Wu et al., 2012).
The importance of such transtensional elements is documented in this study (Figure
3.25). The Jatibarang Sub-basin has been long structurally considered a simple rhombic
depression, developed by a major border fault system composed of the OO Fault and the

Brebes Fault (Figure 3.2, Noble et al., 1997).
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$YDLODEOH SXEOLFDWLRQV DERXW |-DaXi® Adhen BtFHaREKD QL V P\
1991, Noble et al., 1997, Ryacudu and Bachtiar, 1999, Armandita et al., 2011), fail to
recognize the existence of a negative flower structure in the basin, and thus have
overlooked or simplified how such structures might contribute to the depression. Mapping
DQG QRWLQJ WKH RULHQWDWLRQV RI WKH LIEWDDRAL QWK/H PHWHMH O
of this flower structure (Figures 3.5 to 3.8) in the following ways.

A good match is found between structural configuration in the study area and the
model that was introduced by Wu et al., 2012 (Figure 3.24). The border fault is often
segregated and forms a series of relay ramps. As a secondary impact, these relay ramps
may be beneficial in producing sediment gateways into the basin. These gateways will
be further discussed in chapter 4. The basin center does show a rhombic shape bounded
by both border and side-wall faults, however splay faults divide the basin center into two
sub-basins.

Transtensional pull-apart basins usually produce wider depocenters than the pure
strike-slip pull apart basins (Wu et al., 2012). The evolution of transtensional pull-apart
basins begins with the formation of a narrow basin between planar sub-vertical en
échelon faults. The later stage then developed the basin into a wider depocenter with
more partitioning by extensional and strike-slip faults (Figure 3.26).

In order to apply this aforementioned concept, a comparison between the Early
Oligocene isochron (SB4 +Top Jatibarang (Volcanic)) and Late Oligocene isochron (Top
Synrift +SB3) is made (see Figure 3.27). The Early Oligocene isochron shows a more
segmented and narrower compartmentalized basin-centered deposit, in comparison to

the Late Oligocene isochron which shows a wider and thicker basin-centered deposit.
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The intersection angles between the splay faults and border faults show a 15° increase
from the Early Oligocene to Late Oligocene. This increase in angle of intersection is
interpreted to be an indication of increasing transtension in the basin (See Figure 3.25
and Figure 3.27). Fault intersection angles associated with transtension range between

0 (Wu et al., 2012). The increase of this angle is suggested to contribute to the
development of a wider depocenter.

These findings suggest that sediments forming the aforementioned isochron (Figure
3.27) were not deposited in the very early stage of a transtensional basin evolution. The
splay faults were already present acting to partition the middle of the basin. This
partitioning does not occur in the early stage of basin formation (Figure 3.26), a timing
ZKLFK VXJJHVWYVY WKDW WKH HDUOLHU VWDJH RGWWLVLEIVAK

to Late Eocene time.

3.5 Regional Tectonic Implication
The regional tectonic model by Hall (1995) is used to place the study area in a
UHJLRQDO FRQWH[W )LJXUH ) LJ X U kodel, it is @obidusl BatR Q WK H
the oblique Paleogene-age subduction in the western portions of the basin initiated the
E DV L Q fafiohhe study area. Next, the dextral motion is suggested to be produced
as the oblique subduction that corresponds with Sundaland. During Early to Late
Miocene, the Australian plate moved northward and consequently pushed Sundaland and
rotated western Indonesia in a counter-clockwise motion. This rotation is interpreted to

have a major affect on the basin by rotating the whole area.
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Figure 3.19 +(A) Isochron map from the Top of Talangakar Formation to the Top of
Synrift. (B) Interpreted isochron map with highlighted thickening and thinning area. The
completion of synrift packages created negative topography in the depression area, which
allowed the post-rift sediment to be thickening at these depocenters.

Figure 3.20 +(A) Isochron map from the Top of Synrift to the SB2. (B) Interpreted isochron
map with highlighted thickening and thinning area. The contrast between thickening and
thinning area are essentially less. The thickening area are still found in the NW and SE
part and the middle part is still consistently thinning.
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Figure 3.21 %(A) Isochron map from the Top of Synrift to the SB3. (B) Interpreted isochron
map with highlighted thickening and thinning area. The SE part is significantly thickening
(~400 ms) and the NW part is still consistently thickening. Several localized thickening
are found at the middle part.

Figure 3.22 +(A) Isochron map from the SB3 to the SB4. (B) Interpreted isochron map
with highlighted thickening and thinning area. The SE part is thickening but the southward
part of this part is essentially thinning. The middle part is consistently thinning, and the
NW part is found to be thickening.
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Figure 3.23 £(A) Isochron map from SB4 to the Top of Jatibarang Formation (Top of
Volcanic). (B) Interpreted isochron map with highlighted thickening and thinning area. The
thickening and thinning area are interpreted to be compartmentalized, and the orientation
between eachregionaUH IRXQG WR EH UHODWLYHO\ SDUDOOHO ZLWK

Figure 3.24 +The schematic relationship between structural configuration at the study
area with the model proposed by Wu et al., (2012). Both study area and model are
FRQVLVWHG ZLWK GXDO GHSRFHQWHUV FURVV EDBWYY IDXO

partition and en-échelon border faults.
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Figure 3.25 +The general characteristic in a pull-apart basin with dextral side-stepping
fault system (Wu et al., 2012). (A) schHPDWLF PRGHO RI SXUH VWULNH VOL
DQG % WKH VFKHPDWLF PRGHO RI WUPQVWHQVLRQDO V\VWH

Figure 3.26 = Evolution of the transtensional pull-apart basin based on the physical
modelling by Wu et al., (2012). The early stage shows a narrow basin formed by series
of en-echelon bounding faults and the late stage shows wider basin with the development
of cross-basin fault (splay fault), partitioning the basin.
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Figure 3.27 zInterpretation on tectonic evolution of the study area during the Oligocene
based on the findings on structural orientation and isochron variability through the time.
A low angle transtension is interpreted to be started earlier and then increased as the
splay fault (black lines) started to be perpendicular with the border faults. Earlier pull-
apart deformation is interpreted occured earlier than Early Oligocene, presumably during
the Eocene when the Jatibarang volcanic was deposited. The value of 7° and 14° are
RQO\ DSSUR[LPDWLRQ WR LOOXVWUDWH WKH LQFUHDVLQJ RI
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Figure 3.28 +Modified tectonic reconstruction of Western Indonesia by Hall et al., (1995) from Mid - Late Eocene to Mid to
Late Miocene and its relationship with the forming history in the study area. (A) The deformation in the study area is
considered started earlier during the Eocene when the Jatibarang volcanic was deposited and oblique subduction occurred.
(B) Late stage development of the rift basin in the study area and (C) the location of the study area after Java Island got
rotated during the Miocene.
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CHAPTER 4

%$6,176 ING/PROCESSES

This chapter will discuss fill processes in the Jatibarang Sub-basin and their
LQIOXHQFH RQ WKH EDVLQ ILOOYYV VWUDWLIJUDSXWAQOGULDE
interpretations, stratigraphic sequence framework, log analysis and correlation and

seismic mapping are integrated to produce paleogeography maps of the basin.

4.1 Lithofacies Variability

The sedimentology analyses are based on available core (Figure 4.5). The analysis
begins with lithology and sedimentologic description of selected cores. These
descriptions form the foundation for interpreting facies, and facies associate with other
facies to result in an interpretation of the depositional environment.

A schematic cross section using cored wells is shown in Figure 4.5. Most of the core
samples are taken from the upper part of Lower Talangakar Formation, except for core
set 3 at the D2 well (Figure 4.9). In addition, one core set is taken from the Jatibarang
Formation (D2 core set 4, Figure 4.9). Core were tied to logs using the core-description
derived grain sizes and the gamma ray log signatures.

Utilizing five major lithologies (siltstone, sandstone, breccia, conglomerate and
volcanic rocks), bedding character, sedimentary structures and bedding contact nature,
18 lithofacies are described from core. Lithofacies include: massive siltstone (F1),
laminated siltstone (F2), carbonaceous siltstone (F3), massive sandstone (Ssl), Poorly
Sorted Sandstone (Ss2), Wavy, Ripple Laminated Sandstone (Ss3), Wavy Laminated

Sandstone with Organic Content (Ss4), Planar and Cross Stratified Sandstone (Ss5),
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Breccia (SsB1), Breccia with Organic Content (SsB2), Breccia with Syn-depositional
Structure (SsB3), Breccia with Planar Lamination and Imbrications (SsB4), Granule to
Pebble Conglomerate (SsC1), Granule to Pebble Conglomerate with Organic Content
(SsC2), Granule to Pebble Conglomerate with Syn-depositional Features (SsC3), Cobble
to Pebble Conglomerate (C4), Tuffaceous Siltstone (Fvl) and Pyroclastic (Fv2). The

detail characteristics of these lithofacies are described below.

4.1.1 Lithofacies from Siltstone

The Massive Siltstone (F1) is characterized by non-laminated, structureless
siltstone, and the color ranges from light to dark grey, light to dark brown, reddish brown,
and greenish brown. (Figures 4.1.a. 4.1.b, Appendix C.1, C.2). The floating subangular
clasts (quartz and reddish-grey lithic) are commonly found (Appendix C.2). The vertical,
subvertical bioturbation, are present, mostly as single occurrence and the length varies 1
- 4cm (Figure 4.1.a, Appendix C.1). The root zone is present and associates with several
irregular organic fragments (Appendix C.1.h).

The Laminated Siltstone (F2) is mainly characterized as siltstone with abundant
planar and wavy laminations (Figures 4.1.c to 4.1.f). The color ranges from medium-dark
grey or light grey with intense dark wavy lamination internal. At the D2 Core 3 (lacustrine
interval), organic clasts are found within the continuous wavy lamination succession, soft-
sediment deformation, wedge feature and starved ripple (Figures 4.1.e, 4.1.f, Appendix
C.4).

The Carbonaceous Siltstone (F3) is majorly composed by dark grey, dark brown, to
blackish laminated carbonaceous siltstone (Figure 4.1.g), and at some other samples,

this lithofacies is recognized as coal (Appendix C5). It is periodically intercalated with
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Massive Sandstone (Ssl) and Massive Siltstone (F1), and occasionally with coarser

sediment (Figure 4.1.9).

4.1.2 Lithofacies from Sandstone

The Massive Sandstone (Ssl) is composed by fine to very fine sandstone, mostly
structureless and the color ranges from light grey, medium grey and brownish grey (see
Figures 4.2.a, 4.2.b, Appendix C.6). The bioturbation (single, long, vertical to subvertical)
and root zone are also present (Figure 4.2.b).

The Poorly Sorted Sandstone (Ss2) is majorly composed by coarse poorly sorted
sandstone with granule to pebble size clasts (quartz, lithic and organic clasts, see Figure
4.2.c). The clasts are mostly found as angular to subangular, but several sub-rounded
clasts are also occasionally present. The color ranges from light grey to light brown
(Figure 4.2.c, Appendix C.7).

The Wavy, Ripple Laminated Sandstone (Ss3) is composed by very fine to fine
sandstone with wavy to ripple lamination (see red arrow at Figure 4.2.d). The color ranges
from light grey to light brown (Appendix C.8). Occasionally, the lamination associates with
several silt-clay lenses and occasional irregular organic laminations (Figure 4.2.d,
Appendix C.8).

The Wavy Laminated Sandstone with Organic Content (Ss4) is composed by fine
sandstone to coarse sandstone, associates with organic lamination both regular (see
Figure 4.2.e) or irregular (see Appendix C.9.d). The dimension of the organic content
varies from less than 1 cm to 2-3 cm and the color ranges from light grey to medium grey

(Appendix C.9).
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The Planar and Cross Stratified Sandstone (Ssb), it is composed by medium to very
coarse sandstone with planar strata, low angle cross strata and grain orientation or
imbrication (Figure 4.2.f). The grain shape is mostly found as angular to subangular, but
minor sub-rounded fragments are still present. The color is mostly light to medium grey
with several spot found as light brown, produced by the remaining oil staining (Appendix

C.10).

4.1.3 Lithofacies from Breccia

Breccia (SsB1), poorly sorted granule +pebble size unit, with very fine *coarse
sandstonethat DFW DV WKH UR F Rifwed4B\W, 4.B.p). VHe Eblor is mostly light
grey, fragments are dominated by angular to subangular granule - pebble, consisted of
quartz, grey lithic, clay clasts and organic clast (Figures 4.3.a, 4.3.b, Appendix C11).

The SsB1 is further diversified as (1) Breccia with Organic Content, (SsB2), (2)
Breccia with Syn-depositional Structure (SsB3), and (3) Breccia with Planar Lamination
and Imbrications (SsB4). The color of these three lithofacies are vary from light grey to
brownish grey (brownish = oil stain) and the grain fragments are majorly quartz and grey
lithic (see Figure 4.3, Appendix C.12 to C.14).

The organic filling inside the matrix of SsB2 is commonly found as a horizontal or
sub-horizontal continuous lamination (Figures 4.3.c, 4.3.d, Appendix C.12). The syn-
depositional structures at SsB3 are mostly slump and loading structure (Figures 4.3.e,
4.3.f, Appendix C.13). The planar lamination in SsB4 usually parallel to the granule size

grain imbrication (Figures 4.3.g, 4.3.h, Appendix C.14)
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4.1.4 Lithofacies from Conglomerate

Granule to Pebble Conglomerate (SsC1), the color varies from light to medium grey,
greenish grey and brownish grey and the fragments vary from grey and reddish lithic, clay
clast, quartz and andesite. This lithofacies is mostly matrix dominated, where the matrix
material mostly comes from siltstone, very fine sand to coarse sand (see Figure 4.4.a,
Appendix C.15).

The SsC1 is then diversified into two specific lithofacies: (1) Granule to Pebble
Conglomerate with Organic Content (SsC2) and (2) Granule to Pebble Conglomerate with
Syn-depositional Features (SsC3, see Figures 4.4.b to 4.4.d, Appendix C.16 to C.17).
The fragments of these three lithofacies are relatively similar, which mainly composed by
guartz and grey lithic. The colors are consistently light grey and some subangular grain
shape are still exist occasionally

The lithofacies C4 (Cobble to Pebble Conglomerate, Figure 4.4.e, Appendix C.18,
C.19) is established to distinguish the presence of coarser clasts on the conglomeratic
unit (mostly cobble and pebble). Clasts are mostly dominated by greenish, greyish and

reddish lithic clast, quartz clay clast and andesite

4.1.5 Lithofacies from Volcanic

There are only two volcanic lithofacies and they are called as Fvl and Fv2. The
Fvl (Tuffaceous Siltstone), is mainly composed by white to light grey tuffaceous siltstone
with abundant internal lamination (Figure 4.1.h). The Fv2 (Pyroclastic), is composed by
homogeneous pyroclastic unit, recognized as white to light grey, with no visual porosity
observed. Several pumice and grey lithic are found as fragments occasionally (see Figure

4.1.i, Appendix C.21)
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4.2 Facies Distribution and Percentage

Facies percentages were examined within a framework of key stratigraphic
surfaces to provide preliminary views about the depositional environment and to highlight
major depositional environment changes in the study area. Core data out of the SB3 *
top Synrift interval are only available at Well D2 in core set 3 (Top of Volcanic to SB4)
and core set 4 (Jatibarang Formation). There is no available core from the SB4 to SB3.
Based on the facies proportion, the Well D2 core set 3 is dominated by laminated
siltstones (99%, facies F2, see Figures 4.1.e to 4.1.f, Figure 4.9) and there is only a thin
layer of tuffaceous siltstone (9 cm, facies Fv1, see Figure 4.1.h). This same interval in the
Well D2 core set 4, is 100% extrusive pyroclastics (Fv2, Figure 4.1.i). Facies percentages
for each cored time interval are displayed together on the time structure maps (Figure

4.10 and Figure 4.11) and their temporal distributions are discussed below.

4.2.1 Near the Top of Synrift

Several core setsthatare VLW XDWHG QHDU WKH 37HFBuRK.BS&QMULIW" KR
Figure 4.10) show an abundance of massive siltstone (F1, 39%) and carbonaceous
siltstone (F3, 40%). The remaining lithofacies (total average 5%) are massive sandstone

(Ss1), poorly sorted sandstone (Ss2), and wavy zripple laminated sandstone (Ss3).

4.2.2 Above SB3

Several core are collected near the SB3 horizon (Figure 4.5 and Figure 4.11) and
the facies variability are more diverse here due to the active syn-tectonic deposition. The
facies percentage statistics show that carbonaceous siltstone (F2) decreases in this

interval significantly to 7% in average where the massive siltstone (F1) and laminated
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siltstone (F2) ranges between 12 +26 % in average. Breccia (SsB1l) is consistently
present in wells located near to the border fault area.

The carbonaceous siltstone (F3) is minorly found in A2, E1, and E8 (1-2% of the
facies in the corresponded wells). The massive siltstone (F1) comprises 44% of the facies
in the well A2, and each of the coarse-grained facies (sandstone, breccia, conglomerate)
range below 5%. In the well E8 and E1, the massive (F1) and laminated siltstone (F2)
comprises 20 £34% of the facies and the coarse-grained sediment (sandstone, breccia
and conglomerate) range above 50% of the facies. In addition, both Wells A2 and E8
show unique features, which are the syn-depositional structure in the breccia (SsB3) and
conglomerate (SsC3).

Another unique facies distribution is observed at D2 well. Unlike the other wells that
are located near the border fault, the D2 shows a relatively high proportion of cobbly +

pebbly conglomerate (C4, 22%) and planar-cross stratified sandstone (Ss5, 19%).

4.3 Facies Association (FA)

Facies association (FA) is defined as a group of sedimentary facies used to define
a particular sedimentary environment (Nichols, 2009). In order to establish a facies
association, several lithofacies are chosen and combined based on their uniqueness on
proportion, distribution and relative position in the basin. A distinct assemblage and
combination that can be used to infer a specific depositional environment then called as
a facies association (see Table 4.1, 4.2).

Facies association 1 (FA 1) found in the Well A2 core 1, Well C3, Well C1 core 1,
Well C2 core 1, Well C5 core 1 and 2, Well D2 core 1, and Well E4, appear mainly

stratigraphically situated near the Top of Synrift marker (Figure 4.10). FA 1 is distinctly
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recognizable due to the common abundance of carbonaceous siltstone (F3) and massive
siltstone (F1), with periodic interbeds of wavy, ripple-laminated sandstone (Ss3), massive
sandstone (Ss1), poorly sorted sandstone (Ss2) and thin breccia (SsB1).

Facies association 2 (FA 2) is stratigraphically situated above the SB3 marker
(Figure 4.11), and it is found in the Well A1, Well C1 core 2, Well C2 core 2 and 3, and
Well C5 core 3. FA 2 is distinctly recognizable due to the common abundance of immature
sedimentary facies such as breccia (SsB1, 30%) and poorly sorted sandstone (Ss2, 16%)
with carbonaceous siltstones (F3, 12%).

Facies association 3 (FA 3) is found in Well A2 core 2 to 4, Well E1 and Well E8
and is stratigraphically situated above the SB3 marker (Figure 4.11). FA 3 is distinctly
recognizable due to the presence of several syn-depositional features in immature
coarse-grained sediment (SsB3 and SsC3) and the presence of organic content inside
the coarse-grained sediment (SsC2 and SsB2). This FA is also recognized by the
domination of finer sediment (F1, up to 39%) that intercalate with the coarse-grained
sediment (sandstone, breccia and conglomerate).

J)DFLHVY DVVRFLDWLRQ )$ LV ORFDWHG LQ WKH EDVLQ
Figure 4.9 and Figure 4.11). This facies association is uniquely distinguished by the
presence of conglomerates (C4, 22%) and planar - cross stratified sandstones (Ss5, 19%)

The last two facies associations found in the basin are found in Well D2 core set 3
and core set 4. Core set 3 is interpreted as FA 5 and it is dominated by laminated siltstone
with an abundance of starved ripples and soft-sediment deformation. FA 6 is found in

Well D2 core set 4 and is composed of 100% extrusive pyroclastic (Fv2).
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4.4 Depositional Environment from Core Observations

Five primary depositonal environments can be identified in the study based on facies
(Table 4.1), facies associations (Table 4.2), and faunal assemblage and abundances
shown in Appendix C. These depositional environments include fluvial plain, fan delta,
alluvial fan, braided river, lacustrie gravity fed deep basin and eruptive volcanos.

In addition, since this study area was situated in the low latitude setting, the majority
of the depositional environment are majorly controlled by monsoonal influence throughout
time. The palynomorph are mainly tropical species, which are sourced from brackish

water, highly vegetated plain, and fresh water lacustrine.

4.4.1 Fluvial Plain

This depositional environment is inferred from by FA1 (Table 4.2), which is mainly
composed of facies carbonaceous siltstone (F3) and massive siltstone (F1, see Figure
4.6 and Figure 4.11). In addition, there are periodic interbeds of poorly sorted sandstone
(Ss2), thin sandstone breccias (SsB1) and some massive sandstones with roots (Ss1).

Biostratigraphically (Noon et al. 1993), this environment is dominated by
pteridophyte spores, which is defined as the vascular plant that usually lives in the lowland
area or fluvial plain. The notably frequent pteridophyte spores such as: Laevigatosporites
ovatus, Polypodiidites usmensis, Polypodiidites perverrucatus and Polypodiidites sp. A.
speciosum type, L. ouaras Dicolpopollis malesianus directly indicates Oligocene-age
fluvial plain environments. Angiosperm taxa, which is the family of low land flowering
plant/trees are also present but not as abundant as pteridophyte type. In addition,
Dipterocarpaceae type, which is the tropical low land rain forest tree, also occasionally

present (see Appendix D for complete biostratigraphy description).
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The presence of highly carbonaceous silts, poorly sorted sands and rooted sands,
along with the abundant of lowland vascular plant assemblages then conclude these
characteristics to be deposited in a fluvial plain setting. The term of fluvial plain is used to
accommodate a wide range of processes associated with rivers and streams, including
overbank coaly swamps and mires. Poor sorting of sands is indicative of flood deposited
units with rooting reflective of reestablishment of vegetation between floods.

The high proportion of carbonaceous siltstone (F3) confirms the change in
depositional environments into a transitional shore zone as the rift transitions from active
movement to a post-rift stage, as previously mentioned in the seismic sections (see
Figures 3.5 to 3.9). The presence of this change in several time equivalent core across

the area suggests this change was broad spread and synchronous across the rift.

4.4.2 Fan Delta

The fan delta (see Figure 4.8) is inferred from FA3 (Table 4.2, Figure 4.11), which
is mainly composed of immature coarse-grained sediment such as breccia (SsB1l),
breccia with planar lamination and imbrication (SsB4), and conglomerate (SsC1). In
addition, the syn-depositional features (SsB3 and SsC3), and irregular organic fill or
laminations (SsB2, SsC2) are also present here minorly. These coarse-grained lithofacies
are intercalated with massive siltstone (F1). A fresh water alga species, Pseudoschizaea
circula, is observed from facies F1 at the Well A2 core 2. In E1, Dipterocarpaceae type,
Blumeodendron type which are the low land tropical forest trees, present occasionally
(see Appendix D for complete biostratigraphy description).

The domination of coarse-grained sediment here suggests a short distance of

sediment transportation in an alluvial system. The presence of the syn-depositional
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features (slumps, soft-sediment deformation and flame structures) suggest proximity to
the body of water (lacustrine system). The slump structures in core from Well A2 and Well
E8, and soft-sediment deformation features in core from Well E1 strongly indicate slope-
related deposition around the subaqueous margins of a lacustrine setting (see Figures
4.3.e, 4.3.1, 4.4.c). In addition, the presence of flame structures in core from Well A2 (see
4.4.d) indicate rapid deposition of the coarse-grained sediments on top of the unlithified
water rich finer-grained muds around the lake margin or along the subaqueous shallow
lake margins. Such soft sediment deformation is common in fan deltas.

A fan delta is a coastal prism of sediments delivered by an alluvial-fan system and
deposited, mainly or entirely sub-aqueously, at the interface between the active fan and
a standing body of water. This definition also mentions that fan deltas should represent
the interaction between heavily sediment-laden alluvial-fan systems and marine or
lacustrine process (Nemec and Steel, 1988).

In term of vertical succession, the intercalation between finer facies (mostly F1)
and the coarse-grained material (both breccia and conglomerate) strongly suggests the
interaction between the lacustrine system and the fan itself. The presence of
Pseudoschizaea circula, fresh water alga (samples are from the Well A2 core 2) occurring
in these siltstones confirms them to be the product of a lacustrine system. In addition, the
presence of organic material (irregular, wavy organic lamination, organic clasts) inside
the coarse-grained sediments (SsC2 and SsB2, Figures 4.3.c, 4.3.d, 4.4.b) also suggest

interaction between the fan and the lacustrine system.
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4.4.3 Alluvial Fan

The alluvial fan (Figure 4.7) is carried from FA2 (Table 4.2, Figure 4.11),
characterized by immature sediments such as breccia (SsB1l) and poorly sorted
sandstone (Ss2). Several beds of carbonaceous siltstone (F3) are present. Based on
biostratigraphy samples at Wells C2 and C5, the palynoflora is dominantly pteridophyte
spores (low land vascular plant), frequent fungal spores and hyphae (Appendix D).

The domination of breccia (SsB1) and poorly sorted coarse sandstone (Ss2)
suggests a close proximity to the sediment source, which is reasonable owing to the close
distance between the border fault and these wells (Figure 4.11). Alluvial fans are defined
as occurring in subaerial settings, often with minor lacustrine influence, major fluvial
influence and subaerial debris-flow processes, which is confirmed in our study by the
presence of carbonaceous siltstone in this setting. Faunal and floral data in these deposits
suggests that the deposition took place in an alluvial plain setting. Frequent fungal spores
and hyphae indicate alluvial plain sediments which have been subjected to post-

depositional exposure, often due to seasonal drying.

4.4.4 Braided River

This depositional environment is carried from FA4 (Table 4.2, Figure 4.11) and
occurs extensively in the Well D2 core 2. It is mainly composed of conglomerates (C4)
and planar zcross stratified sandstones (Ss5). Massive siltstone (F1) and carbonaceous
siltstone (F3) are also occasionally present.

Based on the facies distribution, it is obvious that the prevalence of coarse, sub-
rounded clasts of conglomerate suggest a slightly further distance of transport than seen

in other facies associations. The presence of cross strata and planar strata in sands are
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indicative of deposits from a well-developed river system, suggesting deposition in a distal
fluvial system or in braided rivers. In addition, the occasional presence of massive
siltstone (F1) and carbonaceous siltstone (F3) suggests that these rivers have some

associated fluvial plains.

4.4.5 Lacustrine Turbidite

This depositional environment is represented by the FA 5 (Table 4.2), which is
mostly dark carbonaceous siltstone with abundant fine sand and clay sediment lenses,
wavy to planar laminations, deformed layers and starved ripple (Figure 4.9). The localized
occurrence of freshwater algae sample, Pediastrum algae, is an evidence for deposition
in, or input from a lacustrine environment (Appendix D).

The presence of starved ripple, minor calcareous layer, clay = sand lenses
together with some deformed layer suggests gravity flows into a deep lacustrine basin. A
facies model from Caineng et al., (2012), shown in Figure 4.12, shows a distribution of
facies assemblages that may several similarities with Well D2 set 3 core. The core set is
located within a thick sequence of lacustrine shale (see the log of D2 at Figures 4.5 and
4.9), which then strongly supports this interpretation. These are lacustrine turbidite

deposits.

4.4.6 Volcanic (Jatibarang Formation)
This deposit is the oldest unit in this study (Late Eocene to Early Oligocene), and
is well represented by FA 6 (Table 4.2). The lithology in this core is mostly dominated by

grey, massive and tight pyroclastic volcanic deposits (Figure 4.9).
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Table 4.1 £The summary of lithofacies. The right side of the table showing the relative percentage of each facies at each
facies association (Figure 4.6 to Figure 4.9). Abbreviation =C: common (>10% of the thickness), R: rare (<10% of the

Lithology FA1 FA2 FA3 FA4 FAS FAG6

Massive Siltstone ‘- C
Laminated Siltstone R R

Carbonaceous Siltstone
Massive Sandstone
Poorly Sorted Sandstone
Wavy, Ripple Laminated Sandstone
Wavy Laminated Sandstone with Organic Content
Planar and Cross Stratified Sandstone
Breccia
Breccia with Organic Content
Breccia with Syn-depositional Structure
Breccia with Planar Lamination and Imbrications R
Granule to Pebble Conglomerate
Granule to Pebble Conglomerate with Organic Content
Granule to Pebble Conglomerate with Syn-depositional Structure
Cobble to Pebble Conglomerate
Tuffaceous Siltstone R
Pyroclastic C

o0 00
@]
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Table 4.2 +The summary of facies association with the facies composition, the key characters and the depositional
environment.

Location and Wells

Thickness of

Relative Position in the

Facies
Common : >10%

Key Character

Potential Depositional

(FA6)

(D2 Core 4)

pyroclastic

Observed Core Stratigraphic Marker Rare : <10% Environment
i 1 0,
" A2 Core 1,C3,C1 Core 1, Common: F3, F1 Domination qf F3 .(40 /0). anq
Association 1 Near Top of the ) F1(36%) facies with periodic . .
C2 Core 1, C5 Core 1 and 228.46 . Rare: Ss1, Ss2, Fluvial plain
(FAT) Synrift Ss1, Ss2, Ss3, and SsB1
2,D2 Core 1, E4) Ss3, SsB1
(<10%)
. Domination of immature
RN Near the border fault Csosrrlmsogz. Fslsgf sediment (SsB1, 30% and Ss2,
(A1, C1 Core 2,C2 Core 2 109.3 ft Above SB3 S 16%) with carbonaceous Alluvial Fan
(FA2) Rare: F2, Ss3, . .
and 3, C5 Core 3) SsBA siltstone (F3, 12%) and massive
siltstone (F1, 19%)
(a) Domination of finer sediment
0, 0,
Common: F1, F2 .(Fl’ 39% aqd F3, 10%), .
. intecalate with coarse-grained
Rare: F3, Ss1, sediment
soratona Near the border fault Ss2, Ss3, Ss4,
(A2 Core 2,3 and 4, E1, 240.28 ft Above SB3 Ssb, SsB1, SsB2, Fan Delta
(FA3) (b) Found several syn-
E8) SsB3, SsB4, o
depositional features (SsB3,
SsC1, SsC2, .
SsC3) and organic content
SsC3, C4 . . .
inside coarse-grained sediment
(SsC2, SsB2)
Association 4 In the basin center Cogsrgogs';l’csfzy Increasing textural maturity (C4,
59.15 ft Above SB3 o ! 22%) with planar to cross Braided River
(FA4) (D2 Core 2) Rare: F2, F3, Ss4, .
stratified sandstone (Ss5, 19%)
SsB1
Association 5 In the basin center 31.42 ft Between SB3 and Common: F2 EOTGZH::(?Z;);Z§;\(;Z§&NM Turbidite Lacustrine
(FA5) (D2 Core 3) ’ SB4 Rare: Ss1, Fvl P -
deformation
Association 6 In the basin center 31 ft Below Top Volcanic Common: Fv2 Domination of extrusive Volcanic
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Figure 4.1 +(a) D2, top at 8219.6 ft MD, common appearance of F1 as grey massive siltstone. (b) C1, top at 6520.6 ft MD,
light brownish F1 facies with vertical bioturbation (red arrow). (c) A2, top at 7381 ft MD, typical appearance of facies F2 as
laminated dark grey siltstone. (d) A2, top at 7329.85 ft MD, another typical appearance of F2 facies where the facies body
is filled by continuous dark wavy lamination (carbonaceous?). (e) top at 9323.5 ft MD, wavy lamination with several clay,
starved ripple and organic clasts (upper part). (f) top at 9335 ft MD, highly laminated F2 with a soft sediment deformation
layer. (g) C3, top at 6476.4 ft MD, F1 within a thick succession of F3. (h) Facies Fv1 from D2, depth 9322 ft MD. This facies
is a tuffaceous siltstone unit and commonly found as a very thin deposit. Some internal structures are recognized to be
continuous with a wavy form (red arrow). (i) Facies Fv2 from D2, depth 11270.
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Figure 4.2 *(a) C1, top at 6532.3 ft MD, the typical appearance of facies Ss1 z*very fine to fine grey sandstone. (b) C5,
top at 7046 ft MD, massive very fine sandstone with sub-vertical bioturbation (7-8 cm, lower red arrow), the upper part
consist of root zone (each individual root ranges from 0.8 to 1.5 cm, upper red arrow). (c) E4, top at 5686.1 ft MD, very
coarse to coarse poorly sorted sandstone with abundant granule size clasts. (d) Al, top at 7183 ft MD, very fine to fine
sandstone with ripple (red arrow) and wavy lamination. (e) A2, top at 7216.9 ft MD, very fine sandstone with abundant
discontinuous organic lamination (red arrow). (f) D2, top at 8254 ft MD, medium to coarse sandstone with planar granule

imbrication and laminations.
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Figure 4.3 *(a) A2, top at 7268 ft MD, typical appearance of facies SsB1 where the
fragments vary from quartz, lithic and coarse sand as matrix. (b) C2, top at 8172.8 ft MD,
facies contact between SsB1 to F2 (the relationship is not clearly visible, it could be
planar contact or erosional). (c) A2, top at 7270.1 ft MD, (d) A2, top at 7348.8 ft MD, very
coarse sandstone to breccia with continuous horizontal and sub-horizontal organic
lamination (red arrow). (e) A2, 7249.5 ft MD, brownish light grey very coarse sandstone
to breccia with abundant of sub-vertical organic lamination (red arrow) and considered
as a part syn-depositional system, presumably slump structure. (f) A2, top at 7352.5 ft
MD, very coarse sandstone to breccia with sharp contact (red arrow) between coarser
grain to facies F1 underneath, which is considered as a product of syn-depositional
feature. (g) A2, top at 7227.5 ft MD, intercalation between coarse-grained imbrication
with coarse sandstone. (h) A2, top at 7347 ft MD, intercalation between sub planar grain
imbrication (lower red arrow) and stratified coarse sandstone (upper red arrow)
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Figure 4.4 +(a) E8, top at 6617.85 ft MD, *typical appearance of facies SsC1, poorly
sorted conglomerate, matrix supported, subrounded to rounded grain shape where some
of the subangular fragments are also present, fragments vary from quartz, clay clast,
reddish to grey lithic and andesite. (b) SsC2, A2, top at 7315 ft MD, conglomerate unit
with sub-horizontal continuous organic lamination that found within the matrix. (c) SsC3,
E8, top at 6616.8 ft MD, a syn-depositional surface is noted by red arrows, presumably
part of a big slump surface. (d) SsC3, A2, top at 7342 ft MD, the red arrows point the
contact between the conglomerate unit and the siltstone. This irregular contact is
considered as the fire structure. Several silt inclusions are also found in the
conglomerate internally. (e) The variability of facies C4, conglomerate unit is matrix
dominated, where the fragments itself is found as quartz, lithic clasts with some minor
organic clast.
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Figure 4.5 +Chart showing schematic NW *SE cross section on cored wells, with the visualization of core positions
based on stratigraphic order. The Top of Synrift is used as the stratigraphic datum and all stratigraphic markers in this
correlation are explained at Figure 4.13. Each well contains the standard triple combo logs (gamma-ray, deep resistivity,
density and neutron) and the cored intervals are shown as black boxes. The correlation traverse is shown by the map
at the bottom-right side and the vertical scale is shown at the bottom-center side.
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Figure 4.6 =Chart showing the interpreted core on the fluvial plain environment. Each
core set is displayed with textural variability (left column) and assigned colors for facies
(right column). The scale and facies code are shown at the bottom right.
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Figure 4.7 x£Chart showing the interpreted core on the alluvial fan environment. Each core set is displayed with textural
variability (left column) and assigned colors for facies (right column). The scale is shown at the bottom right and the facies
code is shown at the top right.
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Figure 4.8 +Chart showing the interpreted core on the alluvial fan environment.
Each core set is displayed with textural variability (left column) and assigned
colors for facies (right column). The scale is shown at the bottom right and the

facies code is shown at the top right.
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Figure 4.9 +Chart showing the interpreted core on braided river, turbidite lacustrine and
volcanic environment. Each core set is displayed with textural variability (left column) and
assigned colors for facies (right column). The scale is shown at the bottom right and the

facies code is shown at the top right.
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Figure 4.10 t&KDUW VKRZLQJ IDFLHVY SHUFHQWDJH IURP FRUHG ZH
RI 6\QULIW" D Q Gssétiatibnl DHe lperseniage at each pie chart is built by the

individual facies thickness compare to total core thickness at the well. The Top of Synrift

with Basement time structure map is used here as the visualization of the structural

variability. Based on this percentage, both facies carbonaceous siltstone (F3) and

massive siltstone (F1) are consistently found all across the study area and the coarser

facies such as massive sandstone (Ssl), poorly sorted sandstone (Ss2) and planar and

cross stratified sandstone (Ss5) varies around 30-40% at C1, C2 and C5 and 5% at A2,

C3, D2.
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Figure4.11 +&KDUW VKRZLQJ IDFLHY SHUFHQWDJH IURP FRUHG ZH
and the facies association. The percentage at each pie chart is built by the individual

facies thickness compare to total core thickness at the well. The SB3 with Basement time

structure map is used here as the visualization of the structural variability. The Breccia

(SsB1) is consistently present at each well that are located near to the border fault area.

The slightly different findings are only found at (1) A2 where massive siltstone (F1)

dominates 44% of the proportion and each of the coarse-grained facies ranges below 5%,

(2) E8 where the conglomeratic (SsC1) dominates by 33%, and (3) D2 where the cobble

tpebble conglomerate (C4) takes 22% of the percentage. The planar and cross stratified

sandstone (Ssb) is only found at D2, takes up to 19%.
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Figure 4.12 *Depositional model of deep lacustrine environment. (A) Facies model by Caineng et al., (2012) about the
transformation of sandy debrites to turbidite lacustrine in a deep lacustrine environment. The red box shows the facies
assemblage similarities with D2 core set 3 (point C). (B) A schematic illustration of the discussed depositional environment.
(C) The facies description of D2 core set 3, which share several similarities with the facies model on point A (indicated by

the red box).
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4.5 Biostratigraphy, Stratigraphic Markers and Sequences

A regional well-integrated biochronostratigraphic chart of the NW Java Basin has
been published by Noon et al., (1993, Appendix D.1). This chart is built based on the
integration between palynomorph zonation (Noon et al., 1993), dinocyst zonation (Noon
et al., 1993), nannoplankton zonation (Martini, 1971) and foraminifera biozonation (Blow,
1971) with samples specifically sourced from NW Java Basin. The following section
utilizes Noon et al (1993) to assess the biostratigraphic framework of the Jatibarang Sub-

basin.

4.5.1 Biostratigraphy Stratlog of D2

A biostratigraphy study at the Well D2 (see Figure 4.11 for well location) has been
previously conducted by Noon et al., (1993) and included detailed biostratigraphic
analysis of the fauna and flora in the D2 well (for details of analysis see Noon et al., 1993).
Fauna, floral and lithology of samples from the D2 well were used in our study to identify
the depositional environments in the study section (see Appendix D.3). These
environments include supralittoral (continental environment), inner-outer littoral
(transitional environment) and sublittoral-bathyal (marine environment).  These
environments appear to correspond with distinct gamma log patterns. Ultilizing the faunal
and floral occurrence data from Noon et al.,, (1993) we were able to identify five
chronostratigraphic markers within the synrift interval of the Jatibarang Sub-basin. These
markers identified in the D2 well were tied to seismic and correlated around the basin to
confirm their chronostratigraphic importance and to provide a stratigraphic framework for
further basin analysis. Three of these markers are interpreted as sequence boundaries

(SB, sensu Vail et al., 1977), and all are discussed below in detail.
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4.5.2 Stratigraphic Markers (SM)

4.5.2.1 SM Top Jatibarang Formation (Top Volcanic)

Top of Volcanic SM (Figure 4.13) coincides with the Top of Jatibarang Formation
(palynomorph zonation at top of NWJ2 iv, Early Oligocene), which marks the change from
the Jatibarang Formation (volcanic material) to the overlying Lower Talangakar Formation
(alluvial, fluvial, lacustrine deposits). This SM is represented by the abrupt lithology
change from volcanic material into the lacustrine siltstone and the corresponding increase
in gamma counts from low/medium to a continuous higher GR count. This SM, although
easily recognized in the D2 well, is quite difficult to interpret in seismic data alone (see
seismic example at Figure 3.8).

The rare existence of Pediastrum (fresh water algae) at 10890 ft MD strongly
indicates a lacustrine environment or input from a lacustrine system. Six hundred feet
deeper in the section, the findings of rare Tasmanites (marine species) at 11490 ft MD
suggests a more marginal marine environment (see Appendix D.2 and D.3 for specific
palynoflora assemblages and distribution). Other authors (Aveliansyah et al, 2016, see
Figure 2.3) suggest that the Eocene marine sediments were interfingering with the

lacustrine systems of the Jatibarang.

4.5.2.2 SM Seqguence Boundary 4

Sequence Boundary 4 (SB4) is found within the Talangakar Formation and is
identified on logs as a sharp change to low gamma count and a slight increase in
resistivity and decrease in density (see Figure 4.13), which strongly indicates a lithology
change from a shale-dominated interval (below the marker) into a more sand-dominated

interval (above the marker). This transition is recognized broadly across the region in
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wells and in seismic data. The upper part of the SB4 to SB3 interval becomes highly
serrated on logs and is interpreted to be highly interbedded thin sands and mudstone,
possibly reflecting alluvial plain and lacustrine development in the cycle. The interval
above the SB4 surface is found to be lacking fauna or flora, however Pediastrum (fresh
water algae) was collected beneath the SB4 marker (side-wall core from 9510 ft MD and
D2 core set 3; see Figure 4.9, Figure 4.12) and palynomorphs collected beneath SB4
showed pyrite replacement. Both fauna and flora in the pre-SB4 interval suggest
deposition an anoxic, reduced lacustrine environment.

The wide extent of this marker across the study area, the sharp transition from pre-
SB4 muddy lacustrine to post SB4-sandy dominated, higher porosity, fauna and flora poor
facies indicates a possible regional unconformity (see the schematic correlation at Figure
4.5, Figure 4.15 and seismic section at Figure 3.5 to Figure 3.9), and a change across
this surface from lacustrine- to fluvial-dominated depositional systems (Figure 4.16).
Based on its palynomorph zonation, this marker is picked at the top of NWJ2 vi with the

relative age of Early Oligocene (Figure 4.13).

4.5.2.3 SM Seqguence Boundary 3

Sequence Boundary 3 (SB3) is found within the Talangakar Formation marking the
top of the SB4 - SB3 interval (Figure 4.13). The SB3 surface is very similar to SB4 in
character and is identified on logs as a sharp change to low gamma count and a slight
increase in resistivity and a similar decrease in density, all strongly indicative of a lithology
change from shale/sand dominated interval (below the marker) into a more sand

dominated interval (above the marker). This transition is recognized broadly across the
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region in wells and in seismic data. The interval overlying SB3, similar to that underlying
it, is found also to be lacking in fauna or flora.

The wide extent of the SB3 marker across the study area, the sharp transition from
pre-SB3 interbedded sands and shales to post-SB, sand-dominated, higher porosity,
fauna- and flora-poor facies indicates a possible regional unconformity (see the schematic
correlation at Figure 4.1, and seismic section at Figure 3.5 to Figure 3.9). A change
across this surface from lacustrine beneath SB3 to fluvial deposits above SB3 support
the interpretation of this change being a larger, regional scale reactivation of the fluvial
systems in this area (see seismic sections at Figure 3.5 to Figure 3.9, schematic
correlation at Figure 4.15, and well-logs correlation at Figure 4.18 to Figure 4.26). Based
on its palynomorph zonation, this marker is picked at the top of NWJ2 vi with the relative

age of Early Oligocene (Figure 4.13).

4.5.2.4 SM Seqguence Boundary 2

Sequence Boundary 2 (SB2) is found within the Talangakar Formation marking the
top of the SB2 - SB3 interval (Figure 4.13). Based on its palynomorph zonation, this
marker is picked at the top of NWJ3 vi with a relative age of near the end of the Early
Oligocene, possibly marking the period of transition from the Early to Late Oligocene.
Toward the northeastern portions of the study area, the SB2 marker onlaps the SB3 SM
(see Figures 3.5t0 3.7, Figures 4.15 to 4.16).

This pick is based upon three primary observations in the data. These include: 1.
the biostratigraphic data at well D2 shows a shifting environment from outer littoral
(transitional environment, upper biozonation NWJ3 v) beneath the marker into

supralittoral (continental environment, biozonation NWJ4) above the marker, which
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suggests a basinward shift in facies (see water depth tract in Figure 4.13). 2. Although
little log response across the SB2 is seen in the D2 well, the extension of this horizon to
other wells in Area E shows a slight change of GR from high to low, at this horizon (Figure
4.22) and 3. Mapping on seismic data show a localized stratal package bounded at the
base by SB3 and at the top by SB2 that pinches out to the southeast and is not present

in the southeast portions of the basin (see Figure 3.5 to Figure 3.7).

4.5.2.5 SM Top of Synrift and the Markers Above

The youngest stratigraphic surface marked and mapped in study interval is named
the Top of Synrift (Figure 4.13). This surface is marked in gamma logs by very high
gamma count mudstones and is the stratigraphic boundary between a highly serrated
mudding-up sequence beneath the horizon and a highly serrated, slightly sanding-up
sequence above the horizon. In seismic data, this surface is mapped as a parallel reflector
in paleo-geographically deeper portions of the basin and shows onlap as you approach
the border fault (seismic example at Figure 3.5 to Figure 3.7). This interval, from SB2 to
the top of the Talangakar Formation (Top of Talangakar), contains biostratigraphic
indicators of a transition from basal units showing a more mixed outer littoral to sublittoral
environment to more dominant outer littoral, possibly estuarine environment, (Figure
4.13).

As the name would indicate we believe this surface to mark the end of the syn-
tectonic deposition in the study area and this surface is dated as Late Oligocene (Figure
4.13; Noon et al., 1998). Palynomorph zonation suggests that this horizon is located
somewhere within the NWJ5 ii zone, and the calcareous nannoplankton show the top of

NP 24 as the biozonation tie of this marker. Overlying this interval is the Baturaja
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Formation which is a dominantly carbonate deposits marking the true flooding of the rift.
Several younger markers are also picked in this study (Top Baturaja, Main Ss, Base
Parigi) based on the integration from seismic interpretation and well logs correlation and

biostratigraphy data, to assist with cross-fault and regional correlations.

4.5.3 Stratigraphic Sequences

A sequence stratigraphic approach of stacking pattern analysis (Van Wagoner at
al., 1988) reveals that the stratigraphic section within the study is dominantly composed
of fining-up stratigraphic sequences, meaning the basal sequence sediments are coarser
grained but get finer over time (Figure 4.14). The typical gamma log pattern in the study
area shows this to be true starting with a basal blocky shape characteristic of a low
gamma, massive sand, then transitioning upward to a serrated character indicative of
sand-shale interbeds. The basal blocky patterns are interpreted to be indicative of coarse-
grained sediments deposited as alluvial fans, fan deltas or braided rivers. These facies
associations are frequently overlain by muddier alluvial plain or lacustrine deposits. Such
ILQLQJ XSZDUG FKDQJHV DUH LGHQWLILHG DV UWNIFOQAFXVLYH
Wheeler and Murray, 1957; Schumm, 1993), which is formed by a dominance of
accommodation over sediment supply, and/or due to tectonic subsidence (see Jervey,
1988, for a full discussion). The surfaces separating these fining upward cycles are
termed BSR1, BSR 2, BSR3 and BSR 4, and they provide additional detail to the

stratigraphic framework. Their importance is discussed below at subchapter 4.6.
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Figure 4.13 £The biostratigraphic stratlog made from the D2 well (modified after Noon et
al., 1993). The most left column showing the relative age that is constructed based on
specific biozonation from planktonic foraminifera, calcareous nanoplankton and
palynomorph (the guidance of this biozonation is shown at Appendix D.1). The middle
part of the chart showing the logs of gamma-ray (mirrored), deep-resistivity (Rt), neutron
(NPHI) and density (RHOB). The right part of the chart showing the depositional
environment curve from supralittoral (continental), inner-outer littoral (transitional), inner-
outer sublittoral (shallow marine) and bathyal (see Appendix D.3).
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Figure 4.14 +Chart showing the NW - SE key schematic correlation of A1, D2 and E8 with the stratigraphic markers.
Each well contains gamma-ray, deep resistivity, density and neutron logs and the D2 well contains biostratigraphy
curve at the right side. Several arrows are put next to the gamma-ray log, indicates the consistent fining upward
pattern. The section is shown by the map at the bottom-left and the vertical scale is shown at the bottom-center.
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Figure 4.15 *Chart showing the NW - SE key schematic correlation of Al, D2, and E8 with the BSR packages,
completed with variability of the depositional environment at each BSR package. Each well contains gamma-ray,
deep resistivity, density and neutron logs and the D2 well contains biostratigraphy curve at the right side. The section
is shown by the map at the bottom-left and the vertical scale is shown at the bottom-center.
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4.6 Well Logs Stratigraphic Correlation
4.6.1 Log Signature

Four primary depositional environments were interpreted in well log signatures
across the basin. These include fluvial plain, shallow marine, alluvial fan / fan delta,
lacustrine and braided river (Figure 4.16) and are color coded thus in all stratigraphic
sections in Figures 4.18 to 4.26. Initial interpretation of individual logs enabled correlation
of similar environments to create a more three-dimensional understanding of the
paleogeography at different times in the basin.

Where available whole core interpretations and biostratigraphic data were
integrated with log motif and stacking patterns to interpret depositional environments in
these logs (see Appendix B). Such additional data were available in nearly 40% of the
wells across the area. Where whole core were not available, side-wall core and cuttings
were used to determine lithology and compared to log response. Finally, the location of
the well relative to the overall paleo-geography of the basin was considered in
determining the final environments within a well. For example, several blocky ishaped
gamma log motif, sandy intervals above SB4 and SB3 in the D2 well are considered to
have been braided fluvial deposits, in part due to their position right in the central axis of
the paleo-subaerial basin (see Figure 4.16, Figure 4.21). In contrast, in Well E10 a similar
blocky GR pattern is considered a deposit by a proximal alluvial fan due to the penetrated
intervals location in a position that is near the border fault (see Figure 4.16 and Figure

4.25). Each depositional environment is described below.
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4.6.1.1 Fluvial Plain, Shallow Marine Log Signature

The logs responses (GR, Resistivity, Density, Neutron) of these carbonaceous
intervals consistently show spiky/serrated motifs (low-high GR, low RHOB, high NPHI).
Four fluvial plain setting exist across the area, all with different log expressions. Fluvial
plains closely associated with shallow marine systems are characterized by thick shales
intercalated with carbonate or coal or carbonaceous siltstone stringers. Fluvial plain
deposits in these settings are common near the Top of the Synrift and display increasing
frequency of carbonate beds towards their top. In contrast, fluvial plains developed
proximal to the border fault have lower gamma ray response possibly due to increased
siltstones proximal to the border fault (Figure 4.16, Figure 4.21, Figure 4.23 to Figure
4.26).

The third possible setting of fluvial plain environments occurs around the braided
rivers and in the distal facies of alluvial fans (see example from C5 at Figure 4.20). In this
case, the main characteristic is recognized where the thin sand beds (low GR, low RHOB)
are intercalated with abundant thin coal and carbonaceous siltstone (see Figure 4.6).
Finally, the last common setting of fluvial plain deposits occurs around lacustrine bodies
(see Figure 4.24, the carbonaceous interval below SB3 in Wells E4 and D2). The
frequency of carbonaceous intervals in this setting, often only occurring as a single bed,
is not as common as the other settings The GR response of carbonaceous beds here is
typically medium to high, but the density and neutron log shows the same serrated
appearance as the other fluvial plain setting.

The shallow marine carbonate is characterized by relatively lower GR counts, blocky

and serrated GR shape, higher density and lower neutron-density (Figure 4.16). The
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occurrence of this unit increases upward to the Top of Talangakar Formation and found

abundantly within the Baturaja Formation.

4.6.1.2 Lacustrine Loqg Signature

The lacustrine intervals are mainly composed of thick successions of shale with
continuous high gamma counts (see example E4 and D2 at Figure 4.24). These intervals
frequently are found in basin depocenter locations. Often these continuous muddy
intervals are punctuated by the occurrence of distinct but discontinuous sands (see
examples Wells E1, A1 and A7 in Figure 4.16). The presence of these thin sand layers
are interpreted as the consequence of hybrid or mixed interaction between the subaerial
area (presumably distal subaqueous fan, sandy debrites, turbidites fan) with the
subaqueous lacustrine environment.

The well log appearance of shallow lacustrine depositional environments is relatively
similar to that of the distal fan delta setting (see correlation between Wells A2 to A8 in
Figure 4.18). However, the mudstones in the shallow lacustrine settings show a slightly

more elevated gamma response and fewer coal/carbonaceous beds are found.

4.6.1.3 Alluvial Fan/ Fan Delta Log Signature

Both alluvial fan and fan delta depositional environments are composed of foot-wall
GHULYHG VHGLPHQW DQG DUH FRPPRQO\RRXGG SWRQMP DAX W R
difference between the alluvial fan and fan delta is their proximity to bodies of water that
typically occupy the basin. The alluvial fan is situated subaerially and does not come in
contact with the associated basin water bodies, in contrast the fan delta is a prism of

coastal sediment that interacts with these water bodies.
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The proximal alluvial fan is characterized by thick-blocky, low gamma count GR
signatures (see E10 at Figure 4.16). The middle-distal alluvial fan shows the same blocky
nature, but it is punctuated by sharp influxes of mudstone (see C2 at Figure 4.16).

The up-log transition from alluvial fan into fan delta (proximal fan delta) is well
presented at Well A1 where the lower part of the log is composed of a thick-blocky, low
count GR and it is interpreted as the alluvial fan (Figure 4.16, Figure 4.19). The upper
part of the log is interpreted to be a fan delta and is intercalated with abundant internal
thin lacustrine shales.

The distal fan delta is seen in logs from Well A2 and is characterized by serrated
GR log maotif, and relatively has low count GR response on shales (Figure 4.16, Appendix
B.2). The presence of carbonaceous material is found to be abundant upward, which may

indicate the association of the lake plain.

4.6.1.4 Braided River Log Signature

Logs motif for the braided river deposits is one of low gamma count gamma ray logs
and relatively low density. Core through these intervals (see Figure 4.9 core 2) show
these deposits to be sandy, texturally mature with roundness and textural maturity

LQFUHDVLQJ LQ ZKDW LV LQWHUSUHW Hdls WigurE HIGHSRVLWLRQ
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Figure 4.16 =Chart showing the logs motif / logs signature of the depositional environment variability in the study area.
Each motif sample contains gamma-ray log (left track), shallow & deep resistivity log (middle track), neutron, density,
sonic log (right track). Four categories are defined: Fluvial Plain +Shallow Marine, Lacustrine, Alluvial Fan *Fan Delta,
and Braided River, which then divided into several sub environments. The construction of these specific signatures are
based on rock sample (core, side-wall FRUH FXWWLQJ DQG WKH ZHOOfV SRVLWLRQ LQ WKH EDV
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Figure 4.17 +Chart showing time structure map of Top Synrift - Basement with cross
sections of well logs correlation. Nine (9) correlation cross sections are shown here, which
covers strike-oriented section (Cross section A, C, E) and dip-oriented section (Cross
sectionB, D, F, G, H, I).

4.6.2 Logs Correlation

Nine integrated well log cross-sections (Figure 4.17) are built in the basin using the
key surfaces (Figure 4.13), interpreted depositional environments (Figure 4.16), faunal
and floral information (Appendix D) and well log stacking pattern-defined stratigraphic
cycles (Figures 4.14, 4.15). Cross-section A, C, E (Figures 4.18, 4.20, and 4.22) are
oriented perpendicular to the interpreted strike orientation of depositional dip and cross-
section B, D, F, G, H, and | (Figures 4.19, 4.21, 4.23, 4.24, 4.25, and 4.26) are oriented
relatively parallel to the interpreted major depositional dip direction (Figure 4.17). The Top

of Synrift horizon is chosen as the correlation datum as it is highly recognizable both in
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logs and in seismic. Four base level rise sedimentation cycles (BSR) are interpreted in
the log correlations panels. These cycles correspond to the intervals discussed
previously as bounded by mappable key surfaces. Details of these packages are

discussed below.

46.2.1BSR1

The BSR 1 cycle is bounded at the base by the Top Jatibarang Formation horizons
and at the top by the SB4 horizon (see cross-section at Figures 4.21, 4.23 to 4.26). Its
thickness varies across the study area, ranging from ~50 m to 300 m and it is thickest
around the D2 Well (~250 m, Figure 4.13). This package is characterized by a thick
succession of lacustrine shale (see discussion above), which could vary from deep
lacustrine to shallow lacustrine, but is recognized as the first lacustrine sedimentation

event in the study area (see Figure 4.15).

4.6.2.2BSR 2

The BSR 2 package is bounded at the base by the SB4 horizon and at the top by
the SB3 horizon. It is characterized by thick sand successions in the basal portions and
then transforms upward to a unit showing abundant thin sand-shale intercalation (Figure
4.13). The upper intercalated interval is extensively mappable across the study area and
is termed the second lacustrine unit (see Figure 4.15).

The BSR2 package is not present in all correlation panels. Wells in the northern part
of the study area (cross-section B), show the BSR2 package to be comprised of early
deposition of alluvial fans and fan deltas and the upper portions of this cycle to be
comprised of lacustrine deposits (Figure 4.19). The alluvial fan xfan delta deposits are

thicker near the border fault (NE), but thin basinward toward the southwest. Oppositely,
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the upper more lacustrine units thin toward the NE, but thicken basinward toward the
southwest.

Cross section D (Figure 4.21) shows the interpreted probable occurrence of a deep
alluvial fan deposited near the footwall based on analogy to surrounding wells, although
no well penetrations occur through this unit with the exception of Well D2. This interval in
Well D2, 6 km basinward of the bounding fault, is interpreted to be deposits of a braided
river. This braided river may be the downdip terminus of this interpreted footwall-fed
alluvial fan.

The lower part of BSR 2 is partially penetrated by the wells in the southern areas of
the basin (Wells E1, E1ST, E4, E8, and E10, Figure 4.22). Although both the area around
the D2 Well and those wells in the southern portions of the basin (E Wells) show similar
fining up stacking patterns, they appear to be sourced from different directions (Figure
4.23 to Figure 4.26). In the southern region, the lower portions of the BSR2 cycle in the
E wells is interpreted to be fan delta deposits, however the environment at this location

gradually becomes lacustrine in nature over time as the lake deepens

4.6.2.3BSR 3

The BSR 3 cycle is bounded at its base by SB3 and at its top by the Top of Synrift
horizon (Figure 4.13). The vertical stacking patterns consistently show an increasing
regressive pattern of fining upward sediment packages. Depositional environments in this
interval reflect the transition from subaerial continental systems to shallow-marine
environments. Fauna and flora data at Well D2 show a clear trend toward deeper, clearer
more marine waters, and Well E8 shows the occurrence in this interval of several thin

carbonate beds (see Figure 4.13).
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Cross-section A and C (Figure 4.18 and 4.20) documents an alluvial fan forming the
basal deposit of this cycle, which then transforms upward into a fan delta (Figure 4.18) or
a fluvial plain (Figure 4.20; Wells C5 and C7) as the lake deepens and expands. These
fans are thicker in the SE part of the paleo-basin and relatively thinner in the NW portions
of the paleo-basin. At the upper part of cycle, what are interpreted to be a succession of
shallow lacustrine deposits are found (see Wells A7 to A8, Figure 4.18). These lacustrine
deposits interfinger with the fan delta deposits as seen in Well A2. This lacustrine interval
is labeled the third lacustrine event by workers in this basin.

Finally, cross-section E (Figure 4.22) shows similar transition of alluvial fans in to
lacustrine deposits. However, the lacustrine deposit in these wells show abundant
carbonate streaks in the lacustrine/fluvial plain deposits, suggesting that this part of the
basin saw the effects of shallow marine incursion earlier this cycle did in other parts of

the basin.

4.6.2.4BSR 4

The stratigraphically uppermost cycle, BSR 4 is bounded at the base by the
underlying SB4 and at the top by the Top Talangakar. The BSR4 cycle deposits are a
thick succession of deltaic shales, thin coals, and thin stringers of carbonate. Marine
incursion is clearly shown by the fauna and flora in this interval in the D2 well, and the
upward increase of carbonate beds. (Figure 4.13). Tectonic activity during the deposition
of this package is minimum, thus there is no accommodation increase that is expected
from tectonic subsidence, and accommodation increases are solely due to rising sea

levels.
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Figure 4.18 tChart showing strike-oriented well logs correlation at cross section A (A8, A7, A2, A3), located at the northern

part of the study area. Each well contains gamma-ray log (left track), shallow & deep resistivity log (middle track), neutron,

density, sonic log (right track). The BSR 3 and BSR 4 are the only base level packages completely present. The BSR 2 is

only found partially at the A2 well, which found right above the basement. The BSR 3 is generally started by the deposition

of alluvial fan, transform upward as fan detD PRVWO\ DW WKH 6( SDUW VHH IDFgue U.ewidV FRUF
lacustrine (mostly at the NW part). The BSR 4 is interpreted as alluvial fan deposit at the NW part and fluvial plain deposit

at the SE part, which then transforms upward as shallow marine until the top of Talangakar Formation.
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Figure 4.19 *Chart showing dip-oriented well logs correlation at cross section B (A4, B5ST, Al and B1), located at the
northern to middle part of the study area. Each well contains gamma-ray log (left track), shallow & deep resistivity log (middle
track), neutron, density, sonic log (right track). BSR 2, BSR 3, BSR 4 are completely present here but BSR 1 is not fully
visible (Al). The BSR 2 is started as thick alluvial fan, transform upward as lacustrine (mostly at the SW part) and alluvial
fan to lacustrine (mostly at the NE part). The BSR 3 is started as alluvial fan, transforms upward as (1) fan delta-fluvial plain
(A4, B5ST) and (3) sandy fluvial plain (A1, B1). The BSR 4 is characterized by fluvial plain at the bottom part and then
developed into shallow marine as the relative sea level increased.
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Figure 4.20 +Chart showing strike-oriented well logs correlation at cross section C (A2, Al, C3, C1, C2, C5, C7 and M1),
located at the middle part of the study area. Each well contains gamma-ray log (left track), shallow & deep resistivity log
PLGGOH WUDFN QHXWURQ GHQVLW\ VRQLF ORJ ULJKW WWINFNKHFPXWMLFDOMHN WGV
from the structural topography. The BSR 2 only present at the NW part (A1) where the BSR 3 and BSR 4 are found across
the study area. The BSR 2 is firstly started as alluvial fan-fan delta then turned as lacustrine (see A2 and Al). This
lacustrine interval is overlaid by the alluvial fan from BSR 3, which consistently found at the lower part of BSR 3 all across
the correlation and transforms upward as fluvial plain (sand and shale). The BSR 4 is characterized by shaly fluvial plain
at the bottom part and then developed into shallow marine as the relative sea level increased.
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Figure 4.21 *Chart showing dip-oriented well logs correlation at cross section D
(X1,C2 and D2), located at the middle part of the study area. Each well contains
gamma-ray log (left track), shallow & deep resistivity log (middle track), neutron,
density, sonic log (right track). The stratigraphic markers at the non-penetrated
interval below C2 is schematically drawn based on its structural topography. The
BSR 1, BSR 2, BSR 3 and BSR 4 is present at the well D2, however the C2 only
shows BSR 3 partially. In BSR 3, a possible environment transformation from
alluvial fan at C2 (Figure 4.7) to braided river and fluvial plain at D2 (Figure 4.9
and Figure 4.6) is noted as, suggests an indication of downstream sedimentation
from proximal facies to distal facies.
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Figure 4.22 +Chart showing strike-oriented well logs correlation at cross section E (E1, E4, E10 and E8), located at the
southern part of the study area. Each well contains gamma-ray log (left track), shallow & deep resistivity log (middle track),
neutron, density, sonic log (right track). The BSR 2 is found partially, BSR 3 and BSR 4 are found in the complete sequence.
The BSR 2 is mostly dominated by fan delta at the lower part, transforms upward as shallow lacustrine (E1) and deeper
lacustrine (E4, E8). An anomaly is found here where E10 is found as alluvial fan, stratigraphically equivalent with the
lacustrine interval. The lower part of BSR 3 is interpreted as alluvial fan, transforms upward as fan delta and fluvial plain.
The most upper part of BSR 3 is found as fluvial plain, which thickening to the southern part (E8). The BSR 4 is found to be
thinner than the other cluster in the study area.
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Figure 4.23 +Chart showing dip-oriented well logs correlation at cross section F (D2, E1,
E1ST), located at the southern part of the study area. Each well contains gamma-ray log
(left track), shallow & deep resistivity log (middle track), neutron, density, sonic log (right
track). The stratigraphic markers at the non-penetrated interval below E1 and E1ST and
at the middle part of the correlation are schematically drawn based on its structural
topography. The sedimentation of D2 and E area are sourced oppositely, but the lower
part at BSR 2 and BSR 3 similarly suggests coarser sediment which turns as finer
sediment upward. The upper part of BSR 2 is consistently formed as a wide-extended
lacustrine interval for almost 15 Km. The lower part of BSR 3 is developed as braided
river at the D2 well (see Figure 4.9) and formed as alluvial fan - fan delta at the E area
(see Figure 4.8). The BSR 4 is interpreted as fluvial plain at the lower to middle part,
which then transforms upward as shallow marine.
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Figure 4.24 +Chart showing dip-oriented well logs correlation at cross section G (D2,
E4), located at the southern part of the study area. Each well contains gamma-ray log
(left track), shallow & deep resistivity log (middle track), neutron, density, sonic log (right
track). The stratigraphic markers at the non-penetrated interval below E4 and at the
middle part of the correlation are schematically drawn based on its structural topography.
The sedimentation of D2 and E4 is sourced oppositely, but the lower part at BSR 2 and
BSR 3 similarly suggests coarser sediment which turns as finer sediment upward. The
upper part of BSR 2 is consistently formed as a wide-extended lacustrine interval for
almost 17 Km. The lower part of BSR 3 is developed as braided river at the D2 well (see
Figure 4.9) and formed as alluvial fan - fan delta at the E4. The BSR 4 is interpreted as
fluvial plain at the lower to middle part, which then transforms upward as shallow marine
but becomes thinning laterally to E4.
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Figure 4.25 +Chart showing dip-oriented well logs correlation at cross section H (D2,
E10), located at the southern part of the study area. Each well contains gamma-ray log
(left track), shallow & deep resistivity log (middle track), neutron, density, sonic log (right
track). The stratigraphic markers at the non-penetrated interval below E10 and at the
middle part of the correlation are schematically drawn based on its structural topography.
The sedimentation of D2 and E10 is sourced oppositely, D2 is situated in the middle of
the basin and E10 is located near the border fault. The association with border fault at
E10 presumably provides closer proximity to the sediment source, consequently creates
proximal alluvial fan at BSR 2 and BSR 3. The upper part of BSR 2 at D2 well is
interpreted as lacustrine interval, which then overlaid braided river from lower part the
BSR 3 and transforms upward as fluvial plain. The BSR 4 is interpreted as fluvial plain at
the lower to middle part, which then transforms upward as shallow marine but becomes
thinning laterally to E10.
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Figure 4.26 +Chart showing dip-oriented well logs correlation at cross section G (D2,
EB8), located at the most southern part of the study area. Each well contains gamma-ray
log (left track), shallow & deep resistivity log (middle track), neutron, density, sonic log
(right track). The stratigraphic markers at the non-penetrated interval below E8 and at
the middle part of the correlation are schematically drawn based on its structural
topography. The sedimentation of D2 and ES8 is sourced oppositely, but the lower part at
BSR 2 and BSR 3 similarly suggests coarser sediment which turns as finer sediment
upward. The upper part of BSR 2 is consistently formed as a wide-extended lacustrine
interval for almost 18 Km. The lower part of BSR 3 is developed as braided river at the
D2 well (Figure 4.9) and formed as alluvial fan - fan delta at the E8 (see Figure 4.8). The
BSR 4 is interpreted as fluvial plain at the lower to middle part, which then transforms
upward as shallow marine to E8.
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4.7 Paleogeography Model
Data and interpretations discussed in previous chapters on this study are used to
define four primary periods of temporal evolution for the Jatibarang Subbasin, including
the oldest Top Volcanic to SB4 (BSR 1) (Figure 4.31), the SB4 to SB3 lower and upper
(Figure 4.32, Figure 4.33), the SB3 to Top Synrift lower and upper (BSR 3) (Figure 4.34,
Figure 4.35, and Figure 4.36), and the Top Synrift to Top Talangakar (BSR 4) (Figure
437 6HYHQ 3SRLQWV RI REVHUYDWLRQ 32 DUH VKRXSNFRQVL
and these points are used to facilitate discussion in the text of temporal changes at these

locations.

4.7.1 Paleogeography of SB4 +Top Volcanic, BSR 1

The early paleogeographic understanding of the basin is limited due to a lack of well
penetrations and core, with the D2 being the only well sampling this time in the basin.
'XULQJ WKLV WLPH WKH EDVLQ LV GRPLQDWHG EVIODRXVWU
depocenters are found to be elongate in the north-south direction (see Figure 3.23),
forming the deepest portions of the lake system but separated by a shallower lacustrine
SODNH Kigur&4.31 between Points 1 and 4). Fan delta complexes are evolving at
this time at several locations along the Border Fault (Figure 4.31, points 1, 2, 3 and 6).
Seismic attribute maps (Figure 4.27, point 1) show the radial form of these deposits.
These fan deltas are 6 Km in length and transform basinward in to lacustrine turbidite
complexes (Figure 4.31, Points 4, 5 and 7). The D2 Well penetrates these more
basinward deposits, showing them to be shale-dominated (Figure 4.9) with the addition

of sandy debrites (Caineng et al., 2012, Figure 4.12).
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4.7.2 Paleogeography of SB3 - SB4, Lower and Upper (BSR 2)

Alluvial fan-fan deltas complexes develop in multiple areas of the basin at this time
(Figure 4.32 point 2, 3 and 6) fed from the footwall sources in both the southwest and
north. These complexes form by lateral overlapping of individual, 3-4 km wide fans in to
a fan apron. Well data show these deposits to be sandy but with well-developed
mudstone intercalations (Figures 4.19, 4.22 to 4.6. Point 1 in Figure 4.32 note a complex
of alluvial fans that transition basinward over a course of 7-8 km in to braided stream
deposits penetrated by Well D2, as also identified on seismic attribute anomalies (Figure
4.28). These systems appear to start life as subaerial alluvial fans but evolve into fan
deltas as the lakes grow and impinge on the surrounding alluvial plains.

Isochron maps (Figure KLIJKOLJKW WKH JHRPHWU\ RI
during this time showing a continuation of both a northern and a southern lake system
(Figures 4.32, 4.33, points 5 and 7, respectively). Although sand-rich facies dominate the
earlier phases of this time in some portions the basin, all available logs in the basin
support the interpretation of basinwide transition into a muddy lacustrine environment as

the lake expands (Figures 4.19, 4.22 to 4.26).

4.7.3 Paleogeography Top Synrift  +SB3, Lower and Upper (BSR 3)

The alluvial fan complex fed from the southern highlands and transitioning into a
braided stream from Point 1 to the D2 well continues to be active at this time (Figures
4.34, 4.35). This fan complex is composed of multiple individual fans ranging from 5-7 km
in length. Simultaneously, a second complex is being fed from the southeastern highland,
transitioning basinward into a distal alluvial fan facies or possibly a sandy fluvial system

around the C5 and C7 wells (Figures 4.34, 4.35). Seismic attribute map interpretations
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support the geographic separation of these two systems as well as the braided nature of
the distal fluvial systems at the D2 well (Figures 4.28 and 4.29). The extent of this braided
river system is poorly understood, but it may lie well to the western side of the basin
(Figures 4.34 to 4.36).

Other alluvial fan complexes are found throughout the basin at this time (point 2,
3 and 6, see Figures to 4.18 to 4.20, Figures 4.22 to 4.26, and Figures 4.34 to 4.36),
many fed by ramp hosted fluvial systems, the best example of which is located near the
E10 well. These alluvial fan complexes all transition upward to fan deltas as the lake fills
and transgresses into its surrounding alluvial plains.

Following lake expansion early in this time period, during the later portions of this
time period rifting ceases (Figure 4.35) and fluvial fill processes being to take over. A
large portion of the basin is dominated by fluvial plain deposits (Figures 4.22 and 4.26),
changes evidenced by the increasing volumes of carbonaceous siltstones in the section.
Fresh water lake areas are significantly diminished and marine waters being to incur into
the basin from south to north depositing carbonate beds in increasing abundance (Figures

4.26 and 4.36, see Well ES8).

4.7.4 Paleogeography Top Talangakar  =Top Synrift (BSR 4)

This period is a time of rift transition from fluvial dominance to shallow marine
dominance (Figure 4.37). This process begins in the south and moves progressively
northward over basin topography that controls the thickness of shallow marine deposits.
Following this marine flooding the basin becomes dominated by carbonate deposition

capping the clastic evolution of the basin.
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Figure 4.27 +Chart showing the RMS amplitude map from SB4 to Top Jatibarang. (A) The uninterpreted RMS amplitude
map with the section lines (purple) and the available well log data within this interval, shown as GR log (D2). (B) The
interpreted RMS amplitude map with highlighted anomalies. Several interesting anomalies are shown here as number +
(1) the near border fault anomaly, (2) the disorganized subparallel anomaly (3) continuous low amplitude anomaly, (4)
homogeneous high amplitude trend (5) low amplitude anomaly, and (6) the subparallel anomaly. Seismic sections are
available on Appendix E.
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Figure 4.28 +Chart showing the RMS amplitude map from SB3 to SB4. (A) The uninterpreted RMS amplitude map with
the section lines (purple) and the available well log data within this interval, shown as GR log (D2). (B) The interpreted
RMS amplitude map with highlighted anomalies. Several interesting anomalies are shown here as number *(1) the near
border fault radial anomaly, (2) another near border fault anomaly, (3) subparallel anomaly, (4) homogenous high amplitude
anomaly, (5) lower to medium amplitude trend, and (6) subparallel lower amplitude anomaly. Seismic sections are available
on Appendix E.
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Figure 4.29 +Chart showing the RMS amplitude map from Top Synrift to SB3. (A) The uninterpreted RMS amplitude map
with the section lines (purple) and the available well log data within this interval, shown as GR log (C1, C2, C3, C5, D1,
D2). (B) The interpreted RMS amplitude map with highlighted anomalies. Several interesting anomalies are shown here
as number %(1) the near border fault anomaly, (2) smaller near border fault anomaly, (3) the subparallel elongate anomaly,
(4) the homogeneous high amplitude anomaly, (5) several spotted low amplitude anomaly, (6) the continuous high
amplitude anomaly, and (7) another discontinues/spotted anomaly. Seismic sections are available on Appendix E.
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Figure 4.30 +Chart showing the RMS amplitude map from Top Synrift to SB2. (A) The uninterpreted RMS amplitude map
with the section lines (purple) and the available well log data within this interval, shown as GR log (C1, C2, C3, C5, D1,
D2). (B) The interpreted RMS amplitude map with highlighted anomalies. Several interesting anomalies are shown here
as number (1) the near border fault anomaly, (2) smaller near border fault anomaly, (3) the subparallel elongate anomaly
(4) the homogeneous high amplitude anomaly, (5) several spotted low amplitude anomaly, (6) the continuous high
amplitude anomaly, and (7) another discontinues/spotted anomaly. Seismic sections are available on Appendix E.
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Figure 431 + 7TKH SDOHRJHRJUDSK\ PRGHO Rl %65 'XULQJ WK
depocenter is interpreted to be elongate and most of the area in the basin is flooded by

the lacustrine system. The middle part of the basin interpreted as a complex turbidite

lacustrine, which receives the sediment from the northern part (Point 1) and the southern

SDUW 3RLQW ‘XH WR WKH OLPLWHG ZHOOJQWHSWEBRBW DWW Y F
interpreted as complex of fan delta.
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Figure 4.32 +The paleogeography model of WKH (DUO\ %65 7KH EDVLQYV GH
the Point 5 is interpreted as lacustrine system with a radial shape, surrounded by the

complex of fan delta at the Point 2 (E1, E1ST) and the Point 3 (E4, E8, E10). The same

mechanism also occurs at the Point 6 and 7. The middle part of the basin (Point 1) is

interpreted as an alluvial fan system that transforms southward as a braided river system

(BRS). The Point 4 is highlighted as another possible sediment source to the BSR.
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Figure 4.33 * The paleogeography model of the Late BSR 2, which shows the
transgressive transformation from the sand dominated interval (Early BSR 2, Figure 4.32)
into the lacustrine shale that consistently covers the whole study area. The deepest
lacustrine occurs at the Point 5 and the Fan Delta system still be found at the Point 1, 2,

3, 6.
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Figure 4.34 =The paleogeography model of the Early BSR 3. The Point 1 is interpreted
as an Alluvial Fan complex which dies out downward as a Braided River System (BRS)
and the Point 4 is interpreted as another northward sedimentation which may contributes
into the BRS. The Point 5 and 7 are interpreted as the lacustrine system, surrounded by
the Fan Delta system (Point 6, 2, and 3).
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Figure 4.35 +The paleogeography model of the Middle BSR 3, which is the continuation
of the previous model (Early BSR 3, Figure 4.34). During this time, the Lacustrine system
at the Point 5 and 7 increased in size and the sedimentations near the border fault (Point
1, Point 2, Point 3, Point 6) approach the end.
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Figure 4.36 +The paleogeography model of the Late BSR 3, which occurs when the
EDVLQTY HWHQVLRQ DSSURDFKHV WKH HQG 7R CGDMPAMNUL:
essentially decreasing size and the fluvial plain dominates the whole area. Several minor
sedimentation from the border fault (Point 1, 2, 3, 6) and hanging-ZDOOfV KLJKODQG 3

4) still occurs.
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Figure 4.37 *The paleogeography model of BSR 4, which shows the domination of
transitional to shallow marine processes in the study area
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CHAPTER 5

OBSERVATIONS REGARDING HYDROCARBON SYSTEM FRAMEWORK

$IWHU HVWDEOLVKLQJ WKH EDVLQYY VWUXFWXUDO IUDPHZ
WKH SHWUROHXP VA\VWHPYVY HOHPHQWY DUH QRZ EHWWWU XC
occur in the upper part of BSR 3 (Top Synrift to SB3) sealed by the overlying BSR3 shales
(Top Talangakar to Top Synrift). All traps in the basin are 3-way closures charged from
the basin center (Figure 5.1). Causes of exploration success and failure are discussed

below to assist in reducing risk in future exploration and development in the basin.

5.1 Cause of Exploration Success and Failure

A hydrocarbon pathways map was generated by Noble et al., (1997) by using
regional basin modelling and oil to source rock correlation. Based on this map (Figure
2.5, Figure 5.1), each portion of the basin is charged by hydrocarbon migration but only
some areas show hydrocarbon accumulation. Unsuccessful wells tend to fail due to
insufficient reservoir or insufficient seal (see Table 5.1 for well summaries). Prior to this
study, little consideration has been given to reservoir or seal character linked to
depositional environments.

The middle portions of the basin see the most success in exploration (Figure 5.1
Wells C1, C2, C3, D1, D2, Al, A2, A4, B1, B1ST, B5, and B5ST). Successful reservoirs
are deposits of alluvial fans, fan deltas, and braided river systems (see Figures 4.22 to
Figure 4.24,), all very sandy facies and facies associations (Figures 4.37, Figure 4.38).

However, the sometimes poorly sorted nature of the alluvial fan or fan delta may result in
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poor reservoir quality. Such is likely the case in Wells A7, A8, (Figure 4.21), C5, C7
(Figure 4.23), which were absent of hydrocarbon. These well are located in the more
distal fan facies due to their serrated gamma log nature as indicative of mudstone
interbedding with coarser grained facies (see Figure 4.21, Figure 4.23, Figure 4.37 to
Figure 4.38). Likewise, Well A8 (Figure 4.38), appears to have been located in the more
proximal, poorly sorted alluvial fan deposits which lowered the quality of reservoir in that
well. These wells, A7, A8, C5, C7 and A8 illustrate the importance of being in the mid-
fan if one wants to find better sorting with limited distal mudstone incursion in their
reservoirs.

Similar observations are made regarding the distribution of quality seal. Wells
located in too proximal a fan setting will find poorer sealing units overlying and lose
hydrocarbon to up-thrown traps (Figure 5.1). Such likely is the case in Wells E4, E8 and
E10, which were drilled south of a series of successful southeastern basin wells, the E1
and E1ST (see Figure 4.26, Figure 4.38). The former wells were likely located too far
paleolandward in the fan delta to have good overlying sealing shales developed and thus
were unsuccessful.

Finally, the complex basin topography created by shear deformation in this
transtensional basin may cause uneven development of transgressive marine shales in
the early post-rift fills (Figures 4.39 and 4.40). Therefore, the quality of these
transgressive seals is not temporally or spatially uniform (see Figure 5.1.b) adding

complexity to the risk.
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5.2 Future Petroleum Opportunities

At least three future opportunities for petroleum exploration and development are
identified in the basin, and are labeled in Figure 5.2 as A, B and C. Opportunity A is
situated in the middle part of the study area, surrounded by proven wells and defined as
a potential development area where infill drilling opportunities exist. The development
objective here is to delineate the hydrocarbon presence between A2 to A4 and C2 to C5,
where the reservoirs are believed fed from the updip alluvial fans and fan deltas (Figure
4.37 and Figure 4.38).

Opportunity B (Figure 5.2) is a new undrilled structural prospect and is captured on
the seismic section D-'Y )LJXUH $SSHQGL][ ( 6HDOLQJ XQLWV D
area at ~200 ms twtt or £600 ft, and the reservoirs are sourced from the hanging-wall
highland in the southern part of the study area (see Point 4 at Figures 4.37 and 4.38).
However, additional mapping is necessary to confirm the structural closure.

Opportunity C (Figure 5.2) shows the potential presence of a new play, which
integrates the faulted hanging-wall block as the trap and subaqueous fan deposits as the
reservoir, leading to the prospect of thicker sealing units (Figure 5.1). However, this play

needs more seismic data to confirm the closure on the structure.
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Table 5.1 =The summary of exploration wells in the study area. Abbreviation +AF:
Alluvial Fan, FD: Fan Delta, BR: Braided River.

Wells

A8
A7

B

BS5
B5ST

B1ST
Bl
C3
C1
C2
C5
C7
D2
D1
El

E1ST
E4
E8

E10

Reservoir Type

Sandstone

Sandstone

Sandstone
Sandstone
Sandstone
Sandstone
Sandstone

Sandstone

Sandstone
Sandstone
Sandstone
Sandstone
Sandstone
Sandstone
Sandstone
Sandstone
Sandstone
Sandstone
Sandstone

Sandstone

Major Dep Env

AF, FD
AF, FD

A2 deliniation, fail to penetrate the reservoir

FD
FD
AF, FD
AF, FD
AF, FD
AF, FD

Fail to penetrate the reservoir, continue as B1ST

AF
AF
AF
AF
AF
BR
BR
FD
FD
FD
FD
AF

Discovery Status
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DRY
DRY

OlL
OlL
OlL
OlL
OlL
OlL

OIL

OIlL

GAS
MINOR SHOW
MINOR SHOW

GAS

GAS
GAS, small OIL
GAS, small OIL

DRY

DRY

DRY

Cause o

f DRY

Poor Reservoir

Poor Reservoir

Poor Reservoir

Poor Reservoir

Poor Seal (thin)
Poor Seal (thin)
Poor Seal (thin)



Figure 5.1 *(A) The hydrocarbon migration pathways with the Top Synrift time structure map, which is defined as the top

PDMRU UHVHUYRLU LQ WKH VWXG\ DUHD &RQWRMREZQWHUFODFINV S R BEMRDQ G%| DKIC
map of Top Talangakar to Top Synrift, which represents the thickness of the regional seal in the study area. Fault shown

as red lines.
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Figure 5.2 £The time structure map of Top Synrift with the highlighted box as the future
opportunity in the basin. The box A shows the development opportunity (infill) and the box
B shows an undrilled structural prospect. The box C shows the potential presence of a
new play but still needs more data to confirm the structural closure. Contour interval is

PV DQG IDXOWYV KHDYH VKRZQ DV EODFN SRO\JRQ
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CHAPTER 6

CONCLUSIONS

The goal of this study was to examine links between the structural evolution of the
rift basin and their sedimentary fill architecture. Such analysis applied to the Jatibarang
sub-Basin of the North West Java Basin of Indonesia reveals the nature of the Paleogene
hydrocarbon systems and leads to the following more broadly applicable conclusions:

1. Two primary and very different types of faults are found within the Jatibarang Sub-
EDVLQ DQG DU Hhoubdingfavits @drdér fault, sidewall fault) and (b) splay
faults. During the rifting period (Eo-2OLJRFHQH WKH RULHQWDWLRQ RI
faults is relatively unvaried, but the splay faults show varying orientations through
time, a change that is reflected in isochrons thickness orientations. The Early
Oligocene isochron shows a more segmented and narrower compartmentalized
basin centered deposit, than the Late Oligocene isochron which shows a wider and
thicker basin-centered deposit. Intersection angles between the splay faults and
border faults show a 15° increase from the Early Oligocene to Late Oligocene,
interpreted to be an indication of increasing transtension in the basin which
contributes to the development of a wider depocenter and more extensive basin
accommodation.

2. The synrift stratigraphic architecture of the Jatibarang Subbasin clearly shows a
genetic relationship to the basin's structural developments. The basin's fault
systems strongly influence the spatial distribution of depositional environments

across the basin. Jatibarang sub-Basin environments of deposition include: (a)
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alluvial fan and fan delta, characterized by coarse-grained and very poorly sorted
sands, silts and mudstone and is located proximal to border faults, (b) fluvial plain,
characterized by finer carbonaceous siltstone, (c) braided river system, which is
located distal of the alluvial fan systems, aligned subparallel *parallel with the
splay fault, and (d) lacustrine turbidites which associate with the thickest regions
RI EDVLQ ILOO LQWHUSUHWHG WR EH WKH EDVLQYV GHH:?
. Poor reservoir facies and ineffective seal are two petroleum system elements that
correspond to unsuccessful wells in the study area. These dry wells, A7, A8, C5
and C7, show that distal fan facies tend to create poor reservoir facies due to the
high frequency of sandstone and mudstone intercalations. Secondly, the simple
shear deformation in the transtensional system creates topography at the end of
the rifting period, causing differential thickness and quality of maximum flooding
event sealing units during the early post-rift and impacts the different quality of
sealing facies. Low sealing quality (thin) is found at the E4, E8, and E10 wells.

. The understandings that we get from this study lead us into one conclusion that
the Jatibarang Subbasin still holds remaining potential that can lead to future field
development, as well as exploration. An understanding of seal quality across the
basin, improved understanding of how structures are oriented to influence
accommodation and deposition, and an improved understanding of sedimentologic
variations and element architecture morphometrics are all avenues to improving
and enhancing production from the Jatibarang rift basin, as well as other basins

across this hydrocarbon prolific region.
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APPENDIX A
TIME STRUCTURE MAP AND FAULT STATISTIC

Figure A.1 =Chart showing the time structure map of Base Parigi Formation (Figure A),

WKH UDGLDO SORW EHWZHHQ WKH IDXOWIWWWD WILNKM DR EIAB¢
length distribution (Figure C). The deepening of this formation exists in the SW part, which

corresponds to the basinward (deeper marine environment) during the deposition of

Parigi Formation. The shallower area around the footwall is also influenced by carbonate
development. Faults are plotted as black polygon and the width of this polygon represent
IDXOWTV KHDYH ORVW RI WKH IDXOWYV DW WZXKILW K RURL R QPX®H
heave. The border faults and sidewall faults are segregated. The en-échelon patterns are

present at the splay faults and the average orientation of each fault is N 31°E. The trend

of splay faults length distribution is relatively gradational, where 19 faults (52%) are found

less than 1.5 km, 10 faults (28%) range from 1.5 - 3 Km, 6 faults (16%) range from 3 - 4.5

Km and 1 fault (3%) anomalously ranges from 6 - 7.5 Km.
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Figure A.2 +Chart showing the time structure map of Main Sandstone (Figure A), the

UDGLDO SORW EHWZHHQ WKH IDXOWY{V VWULN H X0\ @ HDHIQM KV |
distribution (Figure C). The topography contrast mainly present at the SW +W part, which

corresponds to the basinward during the deposition. Faults are plotted as black polygon

DQG WKH ZLGWK RI WKLY SRO\JRQ UHSUHVHQWM LD XRW I1YRHDUY
defined as growth fault with the minimum heave, however more faults are found in this

surface compare to Parigi Formation. The border faults and sidewall faults are

segregated. The en-échelon patterns are present at the splay faults and the average

orientation of each fault is N 28°E. The trend of splay faults length distribution is relatively

gradational, where 25 faults (49%) are found less than 1.5 km, 17 faults (33%) range from

1.5 - 3 Km, 6 faults (12%) range from 3 - 4.5 Km, 2 faults (4%) range from 4.5 to 6 Km

and 1 fault (2%) ranges from 6 - 7.5 Km.
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Figure A.3 xChart showing the time structure map of Top Baturaja Formation (Figure A),

WKH UDGLDO SORW EHWZHHQ WKH IDXOWITWWWD WILNM/ DR IADBC
length distribution (Figure C). The topography contrast between the basinal and footwall

area are possibly caused by two things: (1) the nHIDWLYH UHOLHI TURP WKH HJ[L
depression area, (2) carbonate development that usually associates with paleo high.

)DXOWYVY DUH SORWWHG DV EODFN SRO\JRQ DQGOWMKN KIH®DWHK R
The faults at the Baturaja Formation are still defined as growth fault that occurs as the

continuation of the existing faults that formed in the Oligocene. The border faults and

sidewall faults are well segregated. The en-échelon patterns are present at the splay

faults and the average orientation of each fault is N 28°E. The trend of splay faults length

distribution is relatively gradational, where 20 faults (43%) are found less than 1.5 km, 18

faults (38%) range from 1.5 - 3 Km, 8 faults (17%) range from 3 - 4.5 Km, and 1 anomalous

fault (2%) range from 4.5 to 6 Km.

132



Figure A.4 +Chart showing the time structure map of Top Talangakar Formation (Figure

$ WKH UDGLDO SORW EHWZHHQ WKH IDXOWIWWWWLN W LOFQ B
IDXOWTV OHQJWK GLVWULE Xpotter @s bldck polygrbné&and the Xiditwol/ D U H
WKLV SRO\JRQ UHSUHVHQW IDXOWfV KHDYH 7KHDRFRHMLY RI |
interpreted to be the continuation of existing faults that formed during the rifting in

Oligocene, presumably called as growth fault. The topography contrast between the
IRRWZDOO DQG EDVLQDO DUHD DUH VROHO\ MWXHHGI WL QUK !
depression zone. The border faults and sidewall faults are well segregated. The en-

echelon patterns are present at the splay faults and the average orientation of each fault

is N 23°E. The trend of splay faults length distribution is relatively gradational, where 29

faults (57%) are found less than 1.5 km, 13 faults (25%) range from 1.5 - 3 Km, 8 faults

(16%) range from 3 - 4.5 Km, and 1 anomalous fault (2%) range from 4.5 to 6 Km.
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Figure A.5 =Chart showing the time structure map of Top Synrift (Figure A), the radial

SORW EHWZHHQ WKH IDXOWfV VWULNH DQG OKQWWYX OH ®JWH
distribution (Figure C). Faults are plotted as black polygon and the width of this polygon
UHSUHVHQW IDXOWYV KHDYH 7KH QXPEHU RI IDX@QWNO\DW W
increased compared to the post-rift surfaces. The border faults and sidewall faults are

well segregated. The en-échelon patterns are well present at the splay faults and the

average orientation of each fault is N 23°E. Based on the length distribution, the length of

smaller splay faults increases; 41 faults (65%) are found less than 1.5 km, 12 faults (19%)

range from 1.5 - 3 Km, 9 faults (14%) range from 3 - 4.5 Km, and 1 anomalous fault (2%)

range from 4.5 to 6 Km.
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Figure A.6 +Chart showing the time structure map of SB2 (Figure A), the radial plot
EHWZHHQ WKH IDXOWfV VWULNH DQG OHQJWK )LJWHH %
distribution (Figure C). Faults are plotted as black polygon and the width of this polygon
UHSUHVHQW IDXOWfV KHDYH 7KH ERUGHU IDXOWW®QUTKMLGHI
en-échelon patterns are well present at the splay faults and the average orientation of

each fault is N 23°E. Based on the length distribution, the length of smaller splay faults

increases; 45 faults (70%) are found less than 1.5 km, 10 faults (16%) range from 1.5 - 3

Km, 8 faults (13%) range from 3 - 4.5 Km, and 1 anomalous fault (2%) range from 4.5 to

6 Km.
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Figure A.7 +Chart showing the time structure map of SB3 (Figure A), the radial plot
EHWZHHQ WKH IDXOW{fV VWULNH DQG OHQJWK )LIWHH %
distribution (Figure C). Faults are plotted as black polygon and the width of this polygon
UHSUHVHQW IDXOWTV KHDYH 7KH ERUGHU IDXOWW®QUTKMLGH!
en-échelon patterns are well present at the splay faults and the average orientation of

each fault is N 23°E. Based on the length distribution, the length of smaller splay faults

increases; 43 faults (67%) are found less than 1.5 km, 11 faults (17%) range from 1.5 - 3

Km, 9 faults (14%) range from 3 - 4.5 Km, and 1 anomalous fault (2%) range from 4.5 to

6 Km.
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Figure A.8 +Chart showing the time structure map of SB4 (Figure A), the radial plot
EHWZHHQ WKH IDXOW{fV VWULNH DQG OHQJWK )LIWHH %
distribution (Figure C). Faults are plotted as black polygon and the width of this polygon
UHSUHVHQW IDXOWTV KHDYH 7KH ERUGHU IDXOWW®QUTKMLGH!
en-échelon patterns are well present at the splay faults and the average orientation of

each fault is N 24°E. Based on the length distribution, the length of smaller splay faults

increases; 43 faults (70%) are found less than 1.5 km, 9 faults (15%) range from 1.5 - 3

Km, 8 faults (13%) range from 3 - 4.5 Km, and 1 anomalous fault (2%) range from 4.5 to

6 Km.
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Figure A.9 xChart showing the time structure map of Top Volcanic (Figure A), the radial

SORW EHWZHHQ WKH IDXOWYfV VWULNH DQG OKQWWYX OH DX WH
distribution (Figure C). Faults are plotted as black polygon and the width of this polygon
UHSUHVHQW IDXOWYV KHDYH 7KH ERUGHU IDXOWW®QTKMNMLG!
en-échelon patterns are well present at the splay faults and the average orientation of

each fault is N 15°E. Based on the length distribution, the length of smaller splay faults

increases; where 32 faults (64%) are found less than 1.5 km, 11 faults (22%) range from

1.5 - 3 Km, 6 faults (12%) range from 3 - 4.5 Km, and 1 anomalous fault (2%) range from

4.5 to 6 Km.
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APPENDIX B
CORE DESCRIPTION

Figure B.1 +Chart showing the log view of the E1 well (gamma-ray, deep-resistivity,
neutron-GHQVLW\ ORJV ZLWK LWV VWUDWLJUDSKLF PDUNHUYV D
is displayed with (a) textural variability (left column), (b) assigned colors for facies (middle

column), and (c) depth (1 ft scale, right column). The presence of deformed layers (soft-

sediment deformation) at 6031-6032 ft MD strongly indicates a slope related deposition

in this core set. In addition, the presence of mostly immature coarse-grained sediment

(Ss2, SsB1) then suggest the fan delta as the depositional environment.
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Figure B.2 +Chart showing the log view of the E4 well (gamma-ray, deep-resistivity,
neutron-GHQVLW\ ORJV ZLWK LWV VWUDWLJUDSKLF PDUNHUYV D
is displayed with (a) textural variability (left column), (b) assigned colors for facies (middle

column), and (c) depth (1 ft, right column). From the well-logs, this core set is located at

an interval with high frequency of carbonaceous siltstone - sandstone intercalation, which

indicates the fluvial plain. The presence of poorly sorted sandstone at the core set then

modify this term into sandy fluvial plain, presumably as part of distal alluvial fan or braided

river.
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Figure B.3 +Chart showing the log view of the E8 well (gamma-ray, deep-resistivity,
neutron-density logs), with LWV VWUDWLJUDSKLF PDUNHUYVY DQG WKH FRLU
is displayed with (a) textural variability (left column), (b) assigned colors for facies (middle

column), and (c) depth (1 ft, right column). The presence of syn-sedimentary structure

(SsC3, 6615.8 £6616.8 ft MD), intensive intercalation between conglomerate (SsC1) and

massive siltstone (F1) then suggest fan delta as the major depositional environment.
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Figure B.4 +Chart showing the log view of the C1 well (gamma-ray, deep-resistivity,
neutron-GHQVLW\ ORJV ZLWK LWV VWUDWLJUDSKLF PDUNHUV DC
set is displayed with (a) textural variability (left column), (b) assigned colors for facies

(middle column), and (c) depth (1 ft scale, right column). The Core 1 is dominated by F3

and Ss3, interpreted as part of Fluvial Plain. The Core 3 is interpreted as part of distal

alluvial fan, presumably near the fluvial plain and it is mainly characterized by poorly

sorted sandstone (Ss2) with some breccia (SsB1l), massive siltstone (F1) and
carbonaceous siltstone (F3).
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Figure B.5 +Chart showing the log view of the C2 well (gamma-ray, deep-resistivity,
neutron-GHQVLW\ ORJV ZLWK LWV VWUDWLJUDSKLF PDUNHUYV DQ(
setis displayed with (a) texW XUDO YDULDELOLW\ OHIW FROXPQ E IDFL
and (c) depth (1 ft scale, right column). The Core 1 is interpreted as part of sandy fluvial

plain, presumably as part of very distal alluvial fan that dies out in the fluvial plain. Core

2 and 3 is mainly characterized by immature coarse-grained facies (SsB1, Ss2) and

interpreted as part of middle zdistal alluvial fan.
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Figure B.6 +Chart showing the log view of the C3 well (gamma-ray, deep-resistivity,
neutron-GHQVLW\ ORJV ZLWK LWV VWUDWLJUDSKLF PDUNHUYV D(
is displayed with (a) textural variability (left column), (b) assigned colors for facies (middle

column), and (c) depth (1 ft scale, right column). This core set is mainly characterized by
carbonaceous siltstone (F3) at the upper part and massive siltstone at the lower part (F1),

interpreted as part of fluvial plain.
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Figure B.7 +Chart showing the log view of the C5 well (gamma-ray, deep-resistivity,
neutron-GHQVLW\ ORJV ZLWK LWV VWUDWLJUDSKLF PDUNHUYV D
is displayed with (a) textural variability (left column), (b) assigned colors for facies (middle

column), and (c) depth (1 ft scale, right column). Both Core 1 and 2 are interpreted as

fluvial plain based on the high proportion of carbonaceous siltstone (F3). In addition,

massive sandstone (Ss1) with root zones is found at the core 1, presumably indicates

more shaly fluvial plain. Poorly sorted sandstone (Ss2) is present at Core 2, which may

indicate sandier fluvial plain (e.g. distal alluvial fan or braided river). The Core 3 is
characterized by breccia (SsB1) and massive =+ poorly sorted sandstone (Ssl1, Ss2),

interpreted as part of distal alluvial fan.
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Figure B.8 +Chart showing the log view of the A2 well (gamma-ray, deep-resistivity,
neutron-density logs), with its stratigraphic markers and the position of each core set.
Each core set is displayed with (a) textural variability (left column), (b) assigned colors for
facies (middle column), and (c) depth (1 ft scale, right column). The core intervals at A2
are relatively close but the depositional environment at Core 1 differs with Core 2,3 and
4. Core 1 is interpreted to be Fluvial Plain due to the presence of F3 and Ss1 (massive
sandstone with several root zones). The core 2, 3, 4 are interpreted as fan delta based
on (1) the intercalation between coarse-grained facies (breccia & conglomerate) with
lacustrine siltstone (mostly defined as F1), and (2) the presence of several syn-
depositional structure at the coarse-grained lobes or packages (SsB3, SsC3).
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Figure B.9 +Chart showing the log view of the Al well (gamma-ray, deep-resistivity,
neutron-density logs), with its stratigraphicmarNHUV DQG WKH FRUHYV SRVLWLR
is displayed with (a) textural variability (left column), (b) assigned colors for facies (middle

column), and (c) depth (1 ft scale, right column). The domination of breccia SsB1lwith no

evidence of lacustrine influence makes this core set to be interpreted as part of alluvial

fan, which transforms vertically as fluvial plain and/or interfingers with fluvial plain.
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Figure B.10 + Chart showing the log view of the D2 well (gamma-ray, deep-resistivity, neutron-density logs), with its
stratigraphic markers and the position of each core set. Each core set is displayed with (a) textural variability (left column),
(b) assigned colors for facies (middle column), and (c) depth (1 ft scale, right column). Core 1 is interpreted as fluvial plain
due to high proportion of carbonaceous siltstone (F3) intercalates with massive siltstone (F1), Core 2 is interpreted as part
of braided river based on increasing cross strata facies (Ss2, SsC2) and conglomerate (C4), Core 3 is interpreted as part
of turbidite lacustrine based on high abundance of laminated lacustrine siltstone with several starved ripples (facies F2),
and Core 4 is interpreted as part of Jatibarang Formation since it is composed by volcanic deposit (Fv2)

148



APPENDIX C
FACIES DESCRIPTION

Massive Siltstone (F1)

This particular facies is described as non-laminated and structureless siltstone
(see Figure C.1.a and Figure C.1.b), where the color ranges from light to dark grey, light
to dark brown, reddish brown, and greenish brown (see Figure C.1 to Figure C.2). It is
very common to see several floating subangular clasts: quartz and reddish-grey lithic (see
Figure C.2.i, Figure C.2.j, Figure C.2.1, and Figure C.2.m), medium to dark grey lithic
(Figure C.2.n) and organic fragments (Figure C.1.h). Occasionally, the inclusion of
breccia fragments are also found inside the body of F1 facies (Figure C.2.k).

The vertical and subvertical bioturbation is also found, mostly as single occurrence,
vertical to subvertical and the length varies 1 - 4cm (see Figure C.1.c, Figure C.1.d, Figure
C.l.e and Figure C.1.f). The root zone is present and associates with several irregular
organic fragments (Figure C.1.h).

The interpretation of this facies may vary at any environment in the system: fluvial
plain, alluvial fan, fan delta, braided river and shallow lacustrine. The further integration
between F1 and other facies will be carried in this study to reveal a more specific

depositional environment.

Laminated Siltstone (F2)

It is described as siltstone with abundant planar and wavy laminations. The F2
facies is usually characterized by medium-dark grey or light grey with intense dark wavy

lamination internally. The wavy lamination is considered as carbonaceous material, and
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often found as a long continuous wavy lamination, or irregular discontinuous lamination
but still shows the wavy shape (see Figure C.3.c, Figure C.3.d).

A series of representative of F2 facies at D2 core set 3 (lacustrine interval) is shown
at Figure C.4. Some organic clasts are found within the continuous wavy lamination
succession. A soft-sediment deformation beds (see Figure C.4.c), wedge feature and

starved ripple (Figure C.4.d) are also found specifically at this interval.

Carbonaceous Siltstone (F3)

It is characterized by dark grey to blackish laminated carbonaceous (coaly) siltstone
(see Figure C.5). Several dark brown beds and thin coals are also present occasionally.
From its relative stratigraphic position, this facies is dominantly present close to the top
of the synrift and often to be intercalated with several finer sediment (Ssl1, F1,),
occasionally with coarser sediment (see Figure C.5.b, Figure C.5.c and Figure C.5.d).
Based on this sedimentary characteristics, this facies is likely to be deposited in the fluvial
plain system where the mire/peat system is well developed and creates abundant coaly

sediment.

Massive Sandstone (Ss1)

This facies is dominated by fine to very fine sandstone. The color ranges from light
grey to medium grey and brownish grey. The Ss1 facies is mostly found as massive and
structureless sandstone (Figure C.6.a), however some of them are also consisted of
bioturbation (single, long, vertical to subvertical) and root zone (see Figure C.6.d). The
presence of root zones suggest an intensive influence of vegetation, presumably in the

fluvial plain setting.
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Poorly Sorted Sandstone (Ss2)

The color of this facies ranges from light grey to light brown. The typical appearance
of Ss2 is medium to coarse poorly sorted sandstone with granule to pebble size clasts
(quartz, lithic and organic clasts, see Figure C.7). These clasts are mostly found as
angular to subangular, however several subrounded clasts are also occasionally present
(Figure C.7.c). An anomaly is found here at the C1 well (6523-6530 ft MD), where the
grain size is very fine to fine sandstone, but it consists abundant subrounded quartz clasts

(Figure C.7.e).

Wavy, Ripple Laminated Sandstone (Ss3)

Ss3 is mostly dominated by very fine to fine sandstone, where the color ranges from
light grey to light brown. It is mainly characterized by the presence of wavy lamination to
ripple lamination (see Figure C.8.a). At some parts, the lamination associates with several
silt-clay lenses (Figure C.8.b) and occasional irregular organic laminations (Figure C.8.c

and Figure C.8.d).

Wavy Laminated Sandstone with Organic Content (Ss4)

The facies Ss4 varies from fine sandstone to coarse sandstone and associates
with organic lamination both regular or irregular. The color ranges from light grey to
medium grey, where the dimension of the organic content varies from less than 1 cm to
2-3 cm. At least three variations of Ss4 are found: (1) continuous wavy lamination (Figure
& D GLVFRQWLQXRXYVY ODPLQDWLRQV EXW RULHQWHG SD

and (3) disorganized irregular organic lamination (see Figure C.9.c and Figure C.9.d).
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Planar and Cross Stratified Sandstone (Ss5)

This facies is described as medium to very coarse sandstone with planar strata,
low angle cross strata and grain orientation or imbrication. The color is mostly light to
medium grey with several spot found as light brown, produced by the remaining oll
staining. The grain shape is mostly found as angular to subangular, but minor subrounded
fragments are still present. The facies appearance through core photo is shown at Figure

C.10.

Breccia (SsB1)

This facies is mostly consisted of poorly sorted breccia, light grey (Figure C.11).
Very fine to very coarse sandstone may also present here, but majorly acts as the matrix
of the breccia. The fragments are dominated by angular to subangular granule, consisted
of quartz, grey lithic, clay clasts and organic clast. Several pebble size fragments are also
present occasionally. At Figure C.11.c, this unit is found to have heavy oil staining inside

the intergranular porosity.

Breccia with Organic Content (SsB2)

This facies is a further diversification of SsB1. It defines any breccia with organic
content inside the matrix (Figure C.12). This organic content is commonly found as a
horizontal or sub-horizontal continuous lamination. At Figure C.12.c, the organic
lamination is found to be present at the base of a coarser unit. However, the majority of
organic laminations here are present within the breccia matrix (Figure C.12.a and Figure

C.12.b).
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Breccia with Syn-depositional Structure (SsB3)

SsB3 is a facies which defined as a breccia unit with the syn-depositional features.
The color varies from light grey to brownish grey (brownish due to the oil staining, Figure
C.13.a) and grain fragments are found to be mainly quartz and grey lithic. There are only
2 intervals which contain this specific and unique structure: A2, 7249.5 +7250 ft MD, and
7352.5 to 7353. 2 ft MD (Figure C.13)

At the first example (Figure C.13.a), the syn-depositional feature is recognized by
the sub-vertical orientation of the organic lamination (7249.8 ft MD), which is anomalous
as compared to the underneath organic lamination (7250.1 ft MD) and could be consider
as a slumping structure that usually happens in the slope area. The second example
shows an irregular bed contact between a coarse unit to siltstone (F1, see Figure C.13.b),
which probably indicates a rapid deposition of breccia in a soft sediment. In addition,

several silt inclusion are also present in the breccia.

Breccia with Planar Lamination and Imbrications (SsB4)

This facies is found to be mainly as a light grey and brownish grey (Figure C.14).
It is mainly intercalated with coarse to very coarse sandstone, where the planar lamination
in the sandstone unit usually parallel to the granule or grain imbrication. The fragments

vary from quartz and grey lithic.

Granule to Pebble Conglomerate (SsC1)

This facies is mostly found as light to medium grey, greenish grey and brownish
grey (see Figure C.15). The fragments vary from grey and reddish lithic, clay clast, quartz
and andesite (occasionally). SsC1 is matrix dominated, where the matrix material mostly

comes from siltstone, very fine sand to coarse sand.
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Granule to Pebble Conglomerate with Organic Content (SsC?2)

This facies is a further diversification of SsC1, which is aimed to define a
conglomerate unit that is associated with the organic content. Fragments composition are
similar, where quartz and grey lithic dominate the fragments compositions. Some
subangular grain shape are still exist occasionally.

At least 2 types of organic contents are included: (a) as a fragment and (b) as the
laminations (Figure C.16). The organic fragments are found in a large dimension (>4 cm
long) and relatively parallel to the bed (Figure C.17.a and Figure C.16.b). The organic
laminations are found as sub-horizontal and continuous, and usually occurs within the

matrix.

Granule to Pebble Conglomerate with Syn-depositional Structure (SsC3)

As a rare facies, this facies is only present at E8 (6616.8 - 6617.4 ft MD, Figure
C.17.a) and A2 (7342 +7342.7 ft MD, Figure C.17.b). At the first example, the syn-
depositional feature is recognized by a continuous sub-vertical curved surface, which is
interpreted as part of a slump surface and possibly occurs in the slope related area
(Figure C.17.a).

On the other interval (Figure C.17.b), the syn-depositional feature is found at the
contact between the conglomerate and the underneath siltstone. The contact is irregular
and interpreted as a fire structure [?]. In addition, several siltstone inclusions are also
found abundantly inside the conglomerate interval. This mechanism possibly happens by
a rapid deposition of a relatively heavy and dense material (conglomerate) on top of the

softer sediment (siltstone).
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Cobble to Pebble Conglomerate (C4)

Facies C4 is established to distinguish the presence of coarser clasts on the
conglomeratic unit (mostly cobble and pebble). The first example is shown at Figure C.18,
where the clasts are mostly dominated by greenish, greyish and reddish lithic clast, clay
clast and andesite. Quartz is also commonly found; however, it tends to have smaller
dimension with sub-angular grain shape. Most of the clasts within C4 are found to be
floated and there are only limited contact between each clasts.

On the other example, the conglomerate is found to be more quartz dominated with
some occasional organic clast. The grain shape is more likely to be a mix between

subrounded to rounded, with several subangular fragments (Figure C.19).

Tuffaceous Siltstone (Fvl) and Pyroclastic (Fv2)

Both Fvl and Fv2 are facies which are sourced from volcanic material. The Fvl
facies is characterized by white to light grey tuffaceous siltstone with abundant internal
lamination. It is only present at D3 core set 3 and only 9 cm thick (9322 ft MD, Figure
C.20)

Facies Fv2 is a long continuous and homogeneous pyroclastic unit. It is recognized
as white to light grey, with no visual porosity observed. Several pumice and grey lithic are

found as fragments occasionally (Figure C.21).
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Figure C.1 +The variability of facies F1 part 1. (a) D2, top at 8219.6 ft MD, common appearance of F1 as grey massive
siltstone. (b) C3, top at 6477 ft MD, common facies association of F1 and F3. (c) A2, top at 7262.1 ft MD, reddish massive
F1 (lower) with greyish massive F1 with some bioturbation (red arrow). (d) C1, top at 6520.6 ft MD, light brownish F1 facies
with vertical bioturbation (red arrow). (e) E1, top at 6030.6 ft MD, greyish F1 facies with sub-vertical bioturbation (red arrow).
() C1, top at 6521.9 ft MD, medium brown F1 with vertical bioturbation (11 cm). (g) C3, top at 6496 ft MD, F1 with scattered
claystone clast. (h) A2, top at 7152 ft MD, massive F1 with root (red arrow) and several irregular organic fragments.
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Figure C.2 *=The variability of facies F1 part 2. (i) C1, top at 6515 ft MD, light brown F1 facies with several lithic and quartz
clasts. (j) D2, top at 7432.9 ft MD, greenish brown F1 with several reddish clasts (red arrow). (k) A2, top at 7343.8 ft MD,
massive grey F1 with several breccia fragments (red arrows). () A2, top at 7277.2 ft MD, reddish F1 with several subrounded
lithic and quartz clasts (red arrows). (m) A2, top at 7257.3 ft MD, medium to dark grey F1 with abundant quartz clasts
(bottom part). (n) C3, top at 6490.4 ft MD, greenish brown F1 with abundant organic and lithic clasts (red arrow).
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Figure C.3 xThe variability of facies F2. (a) A2, top at 7381 ft MD, typical appearance of facies F2 as laminated dark grey
siltstone. (b) A2, top 7217.9 ft MD, F2 sometimes found as thin layer that compartmentalizes a body of sandstone. (c) A2,
top at 7329.85 ft MD, another typical appearance of F2 facies where the facies body is filled by continuous dark wavy
lamination (carbonaceous?). (d) C3, top at 6477.6 ft MD, another appearance of facies F2 with more discontinuous darkish

wavy lamination.
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Figure C.4 £The variability of facies from the D2 well core set 3 (lacustrine interval). (a) top at 9321 ft MD, F2 with irregular
discontinuous lamination and organic-lithic clasts (red arrow). (b) top at 9323.5 ft MD, wavy lamination with several clay,
starved ripple and organic clasts (upper part). (c) top at 9335 ft MD, highly laminated F2 with a soft sediment deformation
layer. (d) top at 9351 ft MD, planar lamination with a wedge [?] in the middle of the photo and starved ripple at the lower

part.
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Figure C.5 xThe variability of facies F3. (a) C1, top at 6471.3, the common occurrence
of F3 as the dark grey laminated carbonaceous siltstone. (b) C3, top at 6476.4 ft MD,
sometimes several F1 is found within a thick succession of F3. (c) C5, top at 7051.5 ft
MD, intercalation between medium brown F1 with dark grey F3. (d) C2, top at 8146 ft
MD, the appearance of facies F3 sits on top of breccia (SsB1).
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Figure C.6 £ The variability of facies Ssl. (a) C1, top at 6532.3 ft MD, the typical
appearance of facies Ss1 zvery fine to fine grey sandstone. (b) C5, top at 7048.4 ft MD,
intercalation between reddish brown carbonaceous siltstone (F3) with massive fine light
grey sandstone (Ssl). (c) C5, top at 7046 ft MD, massive very fine sandstone with sub-
vertical bioturbation (7-8 cm, shown as red arrow), the upper part consist of root zone
(each individual root ranges from 0.8 to 1.5 cm) (d) A2, top at 7244.9, very fine massive
sandstone with abundant root zone.
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Figure C.7 £ The variability of facies Ss2. (a) D2, top at 8217.6 ft MD, the typical
appearance of facies Ss2, coarse to very coarse poorly sorted sandstone and found
several irregular organic clasts and abundant lithic clasts. (b) E1, top at 6023.5 ft MD,
medium to coarse poorly sorted sandstone with abundant subangular clasts. (c) D2, top
at 8252.9, poorly sorted very coarse to coarse sandstone with abundant subrounded-
rounded granule fragments. (d) D2, top at 8237.6 ft MD, medium to coarse poorly sorted
sandstone with abundant irregular organic and lithic clasts (red arrows), also found with
several irregular organic laminations and subrounded lithic clasts. (e) E4, top at 5686.1 ft
MD, very coarse to coarse poorly sorted sandstone with abundant granule size clasts, a
core plug was taken from this zone (5287 ft MD) and produce almost 1 Darcy permeability
and 20% of effective porosity. (f) C1, top at 6525 ft MD, very fine to fine sandstone with
abundant subrounded quartz clasts. This specific interval (C1, 6523-6530 ft MD) is a rare
version of Ss2.
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Figure C.8 £The variability of facies Ss3. (a) Al, top at 7183 ft MD, very fine to fine
sandstone with ripple and wavy lamination. (b) D2, top at 8208.7 ft MD, transition from
siltstone (upper part) to fine-very fine sandstone (lower part), several wavy laminations
are found at the middle part and contains silt lenses. (c) C1, top at 6474.95 ft MD, fine to
very fine sandstone with abundant wavy laminations, irregular organic fragments and
laminations. (d) D2, top at 8221.5, very fine sandstone with wavy and ripple lamination,
several irregular organic lamination is found occasionally.
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Figure C.9 +The variability of facies Ss4. (a) D2, top at 8217.7 ft MD, poorly sorted very
coarse sandstone (bottom, Ss2), coarse sandstone with abundant organic lamination
(middle, Ss4) and planar laminated coarse-medium sandstone (upper, Ssb5). (b) A2, top
at 7216.9 ft MD, very fine sandstone with abundant discontinuous organic lamination. (c)
A2, top at 7137.9 ft MD, coarse to medium sandstone with abundant oriented irregular
organic lamination and reddish-greyish clast (shown by the red arrow), the organic
lamination is also found at the base of the clasts (shown by the red arrow), (d) A2, top at
7251.5 ft MD, very coarse to fine sandstone with abundant disorganized irregular organic
lamination.
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Figure C.10 £The variability of facies Ss5. (a) E1, top at 6929.3 ft MD, medium to coarse
sandstone underneath SsB1 (breccia) with subangular grain imbrication (see red arrow)
and abundant planar lamination. (b) D2, top at 8212.5 ft MD, fine sandstone with planar
lamination. (c) D2, top at 8254 ft MD, medium to coarse sandstone with planar granule
imbrication and laminations. (d) A2, top at 7231.4 ft MD, medium to coarse sandstone
with planar lamination and grain imbrication parallel to the lamination (red arrow).
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Figure C.11 £The variability of facies SsB1. (a) A2, top at 7268 ft MD, typical appearance
of facies SsB1 where the fragments vary from quartz, lithic and coarse sand as matrix.
(b) A2, top at 7248.4 ft MD, fining upward succession from SsB1 to Ss4 (upper part). (c)
Al, top at 7165.4 ft MD, facies SsB1 with heavy oil deposit. (d) C3, top at 6465.3 ft MD,
SsB1 with matrix supported (very fine sand), this specific sample is located above a thick
succession of F1 and overlaid by thick F1, F3. (e) C2, top at 8172.8 ft MD, facies contact
between SsB1 to F2 (the relationship is not clearly visible, it could be planar contact or
erosional).
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Figure C.12 £The variability of facies SsB2. (a) A2, top at 7270.1 ft MD, (b) A2, top at 7348.8 ft MD, very coarse sandstone
to breccia with continuous horizontal and sub-horizontal organic lamination (red arrow). (c) A2, top at 7271.6 ft MD, contact
between SsB2 and F1 where the organic lamination was found at the facies contact (red arrow).
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Figure C.13 +The variability of facies SsB3. (a) A2, 7249.5 ft MD, brownish light grey
very coarse sandstone to breccia with abundant of sub-vertical organic lamination (red
arrow) and considered as a part syn-depositional system, presumably slump structure.
The brownish color comes from olil staining. (b) A2, top at 7352.5 ft MD, very coarse
sandstone to breccia with sharp contact (red arrow) between coarser grain to facies F1
underneath, which is considered as a product of syn-depositional feature.
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Figure C.14 £The variability of facies SsB4. (a) A2, top at 7218.4 ft MD, planar grain imbrication (red arrow) (b) A2, top at
7227.5 ft MD, intercalation between coarse-grained imbrication with coarse sandstone. (c) A2, top at 7347 ft MD,
intercalation between subplanar grain imbrication (lower red arrow) and stratified coarse sandstone (upper red arrow) (d)

A2, top at 7346, subplannar grain imbication.
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Figure C.15 *The variability of facies SsC1. (a) E8, top at 6594.9 ft MD, (b) E8, top at 6617.85 ft MD, (c) E8, top at 6622 ft
MD =typical appearance of facies SsC1, poorly sorted conglomerate, matrix supported, subrounded to rounded grain shape
where some of the subangular fragments are also present, fragments vary from quartz, clay clast, reddish to grey lithic and
andesite. (d) A2, top at 7416.9 ft MD, greenish grey conglomerate with abundant grey and greenish lithic clasts, quartz is
found less. (e) A2, top at 7364 ft MD, conglomerate with abundant quartz and organic clasts.
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Figure C.16 +The variability of facies SsC2. (a) E8, top at 6659.1 ft MD, (b) A2, top at
7317.6 ft MD zconglomerate unit with a coal as the fragment (red arrow), presumably
comes from a reworked environment. (c) A2, top at 7313 ft MD, (d) A2, top at 7315 ft MD,
conglomerate unit with sub-horizontal continuous organic lamination that found within the

matrix.
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Figure C.17 + The variability of facies SsC3. (a) E8, top at 6616.8 ft MD, a syn-
depositional surface is noted by red arrows, presumably part of a big slump surface. (b)
A2, top at 7342 ft MD, the red arrows point the contact between the conglomerate unit
and the siltstone. This irregular contact is considered as the fire structure. Several silt
inclusions are also found in the conglomerate internally.
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Figure C.18 *The variability of facies C4 at A2 (7447 to 7452 ft MD). This conglomerate unit is dominated by cobble to
pebble clasts, and most of them are found as greyish and reddish lithic clast, clay clast, and andesite. Some quartz with a
smaller dimension are also present. Two insets photo (a and b) are displayed and clearly show the matrix, which varies

from very fine sand to coarse sand.

173



Figure C.19 +The variability of facies C4 at D2 (these are selected photos from 8224 to
8235 ft MD). The conglomerate unit is matrix dominated, where the fragments itself is
found as quartz, lithic clasts with some minor organic clast (red arrow).
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Figure C.20 zFacies Fv1 from D2, depth 9322 ft MD. This facies is a tuffaceous siltstone
unit and commonly found as a very thin deposit. Some internal structures are recognized
to be continuous with a wavy form.
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Figure C.21 *Facies Fv2 from D2, depth 11270, 11280, and 11301 ft MD, which consist
of extrusive compacted pyroclastic unit.
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APPENDIX D
BIOSTRATIGRAPHY DATA

Figure D.1 * Offshore North West Java Basin biochronostratigraphy with its specific biozonation including dinocyst,
palynomorph, foraminifera, large foraminifera, and calcareous nannofossil (based on Noon et al., 1993). The specific
palynomorph biozonation for NW Java is established at the right side and the subdivision marks several stratigraphic marker

at the study area (see Figure 4.38).

177



Figure D.2 xChart showing the typical palynoflora assemblage in all environment including high land area.
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Figure D.3 +Chart showing the typical palynoflora assemblage from transitional area to shallow marine, with its environment
division (based on Noon et al., 1993). This chart basically becomes the guidance in interpreting any palynoflora
assemblages to understand the depositional environment precisely
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( 1

Lithology : Very Fine Massive Sandstone (Ssl)

Biozone . F. trilobata Zone, M. naharkotensis Subzone

Age . Oligocene undifferentiated

Environment : Continental, supralittoral. [?]Fluvial

Palynoflora . f Fungal spores (few), Polypodiidites usmensis (few), P.

perverrucatus (rare) Polypodiidites spp. (rare) M. naharkotensis
(rare) Tricolpopollenites spp. (rare), Indeterminate pollen (rare),
Dipterocarpaceae type (rare), Blumeodendron type (rare),
Oncosperma type (rare), Laevigatosporites hardti (rare).

f This sample contains a relatively abundant, moderate diversity
assemblage dominated by pteridophyte spores with rare
Angiosperm taxa including Meyeripollis naharkotensis,
Dipterocarpaceae type, Blumeodendron type and Oncosperma
type

f The assemblage indicates palynological input from lowland
forest vegetation. The presence of M. naharkotensis suggests a
fluvial setting. An alluvial plain [?]fluvial environment is therefore
indicated, possibly with slight brackish water.

f The presence of M. naharkotensis indicates an undifferentiated
Oligocene age.

( 1

Lithology . Poorly Sorted Very Fine Sandstone (Ss2)

Biozone . Indeterminate

Age . Indeterminate

Environment : [?]Transitional.

Palynoflora . f Acrostichum speciosum type (few), Polypodiidites spp. (rare), P.
perverrucatus (rare), Trilete spores indet (rare).

f A low abundance, low diversity pteridophyte spore assemblage
was recovered from this sample. No Angiosperm taxa are
present. The dominant taxon is Acrostichum speciosum type.

f The presence of a predominantly pteridophyte spore
assemblage commonly indicates input from alluvial or peat
swamp forest (plain). There is certainly some degree of brackish
water influence. Many of the palynomorphs were degraded to
some extent, probably as a result of oxic conditions at some
stage.

( T

Lithology . Carbonaceous Siltstone (F3)

Biozone . Indeterminate

Age . Indeterminate

Environment : Transitional, inner littoral

Microfauna . [ Aerostichum speciosum type (few), A. aureum type (few),

Laevigatosporites ovatus (rare), Fungal spores (rare),
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( 1
Lithology
Biozone

Age
Environment
Palynoflora

Tricolporopollenites spp. (rare), Oncosperma type (rare),
Calophyllum type (rare), Haloragicidites harrisi (rare),
[?]Pediastum sp.(rare), [?]Discoidites borneensis (rare), Palmae
indet (rare), Trilete indet (rare).

f The sample at 5680" contains a relatively diverse, low
abundance palynoflora. The assemblage contains sparse
Angiosperm taxa such as Oncosperma type, Calophyllum type
and a possible (poorly preserved) specimen of Discoidites
borneensis. Also present are Pediastrum algae; but the
dominant taxa are the pteridophyte spores Acrostichum
speciosum, Acrostichum aureum and Laevigatosporites ovatus.

f Oncosperma, A speciosum, A aureum and D. borneensis are all
commonly derived from lowland vegetation. Calophyllum,
L.ovatus and Haloragacidites harrisi are derived from
supralittoral environments and probably indicate input into
transitional inner littoral deposits of material from the alluvial
plain.

Carbonaceous Siltstone (F3)

Indeterminate

[?]Oligocene

Continental, supralittoral to transitional, inner littoral

f L.ovatus (few), Polypodiidites perverrucatus (rare), Fungal
spores (rare), Polypodiidites spp. (rare), P. usmensis (rare),
Spinizonocolpites echinatus (rare), A. speciosum type (rare),
Fungal hyphae (rare), A. aureum type (rare), Magnastriatites
howardi (rare), Pseudoschizaea circula (rare),
Tricolporopollenites spp. (rare).

f This sample contains a diverse, fairly abundant palynofloral
assemblage dominated by pteridophyte spores including
frequent Laevigatosporites ovatus and Polypodiidites
perverrucatus; other pteridophyte taxa present are Acrostichum
speciosum type, A. aureum and Magnastriatites howardi. The
only non-pteridophyte taxa recognised are the palm
Spinizonocolpites echinatus, the fresh-water algal cyst
Pseudoschizaea circula and indeterminate tricolporate pollen.

f S. echinatus, A. speciosum and A. aureum indicate lowland
vegetation. M. howardi and P. circula indicate input from swamp
vegetation with standing shallow fresh-water. The frequent
pteridophyte spores are probably indicative of input from alluvial
plain swamp forest. This mix of alluvial and lowland taxa
indicates  deposition somewhere between continental,
supralittoral and transitional, inner littoral settings.

f No age diagnostic taxa are present, but correlations across the
offshore north-west Java area suggests that the occurrence of
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M. howardi is a correlable marker for an event within the

Oligocene.

& )l

Lithology . Carbonaceous Siltstone (F3)

Age . [?]Latest Early Oligocene or younger.

Environment : Continental, supralittoral. Alluvial plain.

Palynoflora : [ This sample contains frequent pteridophyte spores, most
abundant are Leiotriletes spp. and Polypodiidites spp. Such
dominantly pteridophyte assemblages are often indicative of
alluvial plain environments of deposition. The only Angiosperm
taxon identified is indeterminate palm pollen. No salt-water
tolerant taxa are present at this depth.

f A [?]latest Early Oligocene or younger age is assigned on
stratigraphic position. Although no age diagnostic taxa are
present the assemblage is typical of Oligocene alluvial plain
sediments in this area

& 1 T DQG |l

Lithology . Carbonaceous Siltstone (F3)

Age . [?]Latest Early Oligocene or younger.

Environment : Continental, supralittoral to transitional, inner littoral.

Palynoflora . f These samples are also dominated by pteridophyte spores
indicating deposition in or close to a probable alluvial plain
setting. Each of the samples, however, also contains rare salt-
water tolerant (lowland) taxa. The scarcity of these lowland taxa
relative to continental taxa indicates that deposition probably
took place towards the uppermost limits of marine influence.

f The only significant age indicative taxon is Oncosperma type at
6470.8" which possibly does not occur in sediments older than
the latest Early Oligocene in this area. The overall assemblages
seen in these samples are typical of Oligocene alluvial plain
sediments.

& 1 DQG 1

Lithology . Carbonaceous Siltstone (F3)

Age . [?]Latest Early Oligocene or younger.

Environment : Continental, supralittoral. Alluvial plain.

Palynoflora . [ These two samples contain rare pteridophyte spores, and at

6472.1' a single specimen of Dicolpopollis malesianus was
recovered. Based on the dominance of pteridophyte spores
these samples were deposited in or close to an alluvial plain
setting. No marine influence is indicated.
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f Although no age diagnostic taxa are present a [?]latest Early
Oligocene or younger age can be assigned on stratigraphic

position.
& 1T DQG 1
Lithology . Carbonaceous Siltstone (F3)
Age . [?]Latest Early Oligocene or younger.
Environment : Continental, supralittoral to transitional, inner littoral.
Palynoflora : [ These samples contain palynofloral assemblages dominated by

pteridophyte spores, notably Polypodiidites spp. and
Laevigatosporites ovatus again indicating input from alluvial
forest vegetation. The presence of Intsia type and Oncosperma
type at 6519', and of Discoidites borneensis and Acrostichum
speciosum type at 6518.8' indicates brackish-water influence.

f The presence of Oncosperma type possibly indicates an age no
older than latest Early Oligocene in this area although the FAD
of this taxon has not been unequivocably defined

C2, 8146.9'

Lithology . Carbonaceous Siltstone (F3)

Age . Indeterminate

Environment : Continental, supralittoral. [?]Standing fresh-water.

Palynoflora . f This sample contains a very sparse palynoflora dominated by
pteridophyte spores suggesting that deposition took place in an
alluvial plain setting. Rare Pseudoschizaea circula, a freshwater
algal taxon may indicate standing fresh-water in the vicinity

C2, 8159

Lithology . Massive Siltstone (F1)

Age . Indeterminate

Environment : [?]Continental, supralittoral.

Palynoflora : [ The presence of a very sparse assemblage containing only rare
pteridophyte spores and frequent fungal spores and hyphae
probably indicates alluvial plain sediments which have been
subjected to post-depositional exposure.

& 7T WR 1 6DPSOHV

Lithology . Siltstone, carbonaceous shale and coal.

Age . Oligocene, undifferentiated.

Environment : Continental, supralittoral. Alluvial plain. Slight brackish water

LQIOXHQFH DW 1 >Z@NHQDBWQJ IDHYV

Palynoflora - f This interval contains predominantly pteridophyte spores,

especially Polypodiidites usmensis, Polypodiidites spp. and
Laevigatosporites ovatus which are probably derived from
DOOXYLDO SODLQ IRUHVW YHJHWDWLEF
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& 1T WR

Lithology
Age
Environment
Palynoflora

& T WR
Lithology
Age

Environment
Palynoflora

strongly suggested by the common occurrence of Meyeripollis
naharkotensis. $W T WKH SUHYV IRPsgkddscRitagil
circula indicates standing fresh-water. Slight brackish-water
influence is suggested by the the presence of Oncosperma type

and Discoidites bomeensis D W 1 D Qn@iaBype at
)l
f An undifferentiated Oligocene age is indicated by the presence
of M. naharkotensis and Lanagiopollis Sp. D W 1

1 6DPSOHV
Massive Siltstone (F1), Carbonaceous Siltstone (F3)
Oligocene to [?]latest Middle Eocene.
Continental, supralittoral to transitional, inner littoral.

f This interval is dominated by frequent pteridophyte spores,
especially P. usmensis above 6459' and L. ouaras in samples
6475' and 6477'. This is probably indicative of significant input
from alluvial plain forest vegetation. Rare lowland taxa, including
Oncosperma, and Acrostichum spp. are also present indicating
slight brackish-water influence in most of the samples. Lowland
assemblages are probably not so well developed as in the
overlying interval. From 6457 to 6459' there are rare
occurrences of Dicolpopollis malesianus, Dipterocarpaceae type
and indeterminate palm taxa but from 6475' to 6477.7' these are
absent, the assemblages consisting almost entirely of
pteridophyte spores.

f The presence of P. usmensis down to 6477' does, however,
mean that these sediments cannot be older than latest Middle
Eocene and these sediments are therefore assigned a broad
Oligocene to [?]latest Middle Eocene age down to that depth.
The occurrences of Oncosperma type down to 6475 may
indicate that this interval is in fact no older than latest Early
Oligocene although the FAD of this taxon has not been
unequivocably defined.

| 6DPSOHYV

Carbonaceous Siltstone (F3)

Oligocene undifferentiated (above 7053.5").

Oligocene to [?]latest Middle Eocene (below 7053.5")

Continental, supralittoral.

f Pteridophyte spores dominate this interval indicating a
significant amount of input from the alluvial plain. The presence
of rare Angiosperm pollen may indicate that deposition took
place close to swamp vegetation. The presence of Meyeripollis
naharkotensis (most frequent at 7053.5") suggests a fluvial
environment. Marine or mangrove taxa are apparently absent.
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f Above 7053.5' occurrences of M. naharkotensis indicate an
undifferentiated Oligocene age. Below this only an Oligocene to
[?]latest Early Eocene age can be assigned on the occurrence
of P. usmensis. There is no evidence to indicate a pre-Oligocene
age, but Oligocene marker taxa are absent.

& T WR i 6DPSOHYV

Lithology . Carbonaceous Siltstone (F3)

Age . Oligocene to [?]latest Middle Eocene.

Environment : Transitional, inner littoral.

Palynoflora . [ This interval contains relatively sparse, low diversity palynofloras

mostly consisting of rare occurrences of pteridophyte spores.
The most abundant assemblage is at 7284' where there are
frequent A. speciosum type and P. usmensis. Other rare
occurrences of lowland taxa including S. echinatus and the
occurrence of foraminiferal test linings are probably indicative of
an inner littoral, lowland environment of deposition. The sample
taken at 7292' contains a very sparse assemblage and no
environmental determination is possible.

f Only a broad Oligocene to [?]latest Middle Eocene age can be
assigned on stratigraphic position and the occurrence of P.

usmensis.
& T DQG 1
Lithology . Carbonaceous Siltstone (F3)
Age . Oligocene to [?]latest Early Eocene.
Environment : Continental supralittoral to [?]transitional, inner littoral.
Palynoflora . f The sample taken at 7485.8' contains only very rare

indeterminate trilete spores and spores attributable to A.
speciosum type. This latter taxon probably indicates some
degree of marine influence. At 7486.6' a more abundant
assemblage is dominated by pteridophyte spores, especially
relatively frequent P. perverrucatus. No salt-water tolerant taxa
are present and the occurrence of Pseudoschizaea cireula
indicates a probable fresh-water supralittoral environment, or
input from such an environment.

f Only a broad Oligocene to [?]latest Middle Eocene age can be
assigned on stratigraphic position and the occurrence of P.
usmensis in the lowermost sample.

$ 1

Lithology . Carbonaceous Siltstone (F3)

Age . [?]Oligocene

Environment : Continental, supralittoral to transitional, inner littoral [?]Alluvial plain
Palynoflora . [ This sample is dominated by pteridophyte spores, notably

frequent Laevigatosporites ovatus, Polypodiidites usmensis,
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$ 1
Lithology
Age
Environment
Palynoflora

$ 1
Lithology
Age
Environment
Palynoflora

$ 1
Lithology
Age
Environment
Palynoflora

Polypodiidites perverrucatus and Polypodiidites sp., with rare
occurrences of Crassoretitriletes vanraadshooveni and
indeterminate trilete spores. Such pteridophyte dominated
assemblages are commonly indicative of Oligocene alluvial
floodplain environments in this area. The presence of a single
indeterminate dinoflagellate cyst, and an uncertain identification
of the lowland taxon Acrostichum aureum suggests slight
brackish water influence.

Massive Siltstone (F1)
Indeterminate
Indeterminate

f

This sample contained only a single specimen of the freshwater
alga Pseudoschizaea circula. No reliable age or environmental
interpretation is possible, although clearly the presence of a
freshwater taxon indicates some degree of input from a
continental, supralittoral source.

Carbonaceous Siltstone (F3)
Oligocene undifferentiated
Continental, supralittoral [?]Alluvial floodplain

f

The presence of a palynoflora dominated by pteridophyte spores
is frequently indicative of alluvial sediments. The most common
taxa are Polypodiidites sp. and Laevigatosporites ovatus. The
presence of Acrostichum speciosum suggests brackish water
influence, and the rare occurrence of Meyeripollis naliarkotensis
indicates a broad Oligocene age.

Laminated Siltstone (F2)
Oligocene undifferentiated
Continental, supralittoral. [?]Alluvial floodplain.

f

This assemblage is dominated by pteridophyte spores, notably
abundant spores of the genus Polypodiites and Cyathidites spp.
suggesting deposition in an alluvial environment. Rare taxa
present which are indicative of tree and shrub vegetation include
palm pollen and Lanagiopollis sp. as well as Echiperiporites if E.
estelae which is probably related to the moderm plant Hibiscus
and is often indicative of vegetaiton along watercourses. The
presence of Oncosperma type may indicate low land and
brackish water influence. An Oligocene age is indicated by a
single specimen of Meyeripollis naharkotensis.
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Laminated Siltstone (F2)
Oligocene undifferentiated
Continental, supralittoral. [?]Alluvial floodplain.

f

A dominantly pteridophyte spore assemblage. As in the above
sample the presence of Echiperiporites if. E. estelae and
Lanagiopollis sp. indicates that the vegetation from which these
pollen and spores were derived probably grew alongside
freshwater. Can be assigned an Oligocene age on stratigraphic
position.

Laminated Siltstone (F2)

Oligocene

Continental, supralittoral to transitional, inner littoral. [?]Alluvial
floodplain.

f This sample is dominated by a typical alluvial floodplain

assemblage of pteridophytes; especially abundant taxa are
Polypodiidites spp., P. usmensis, Laevogatosporites ovatus and
indeterminate trilete spores. The presence of the salt-water
tolerant taxa Acrostichutn aureum type and A. speciosum type
(also pteridophyte spores) indicates that the highest tides may
have reached this far, although their scarcity indicates that
salinities were probably not high enough to allow the
development of extensive lowland plant associations. These
halophytic taxa probably grew on the banks of the river. The
presence of M. naharkotensis indicates an Oligocene age.

Laminated Siltstone (F2)
Oligocene
Continental, supralittoral to transitional, inner littoral.

f

This sample is dominated by palm pollen and pteridophyte
spores, especially Cyathidites spp. and Polypodiidites spp. There
are also rare lowland taxa: Oncosperma type, Acrostichum
aurcum type, and Spinizonocolpites echinatus. The assemblage
consists mostly of taxa typically derived from the alluvial plain,
suggesting that deposition took place at the upper limit of marine
influence, possibly towards the inland margin of lowland swamps.
The presence of Oncosperma type and stratigraphic position
below the occurrences of Meyeripollis naharkotensis indicates an
Oligocene age (probably no older than the later part of the Early
Oligocene).
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Abbreviations used for D2

LAD . Last Appearance Datum

FAD . First Appearance Datum

N Zone . Planktonic Foraminiferal Zone (Neogene)
NN Zone . Calcareous Nannoplankton zone (Neogene)
P Zone . Planktonic Foraminiferal Zone (Paleogene)
NP Zone . Calcareous Nannoplankton Zone (Paleogene)
NWJ Zone . Corelab Palynomorph Zone (ONWJ)

DC . Ditch Cutting

SWC . Sidewall Core

P/B Ratio . Planktonic/Benthonic Ratio

SB . Sequence Boundary

TST . Transgressive Systems Tract.

HST . High Stand Systems Tract.

u/C : Unconformity

Mybp . Million years before present

' s )l

Age . Late Pliocene

Lithology :  No data available

Biozones :  f Planktonic: Unassigned

f Nannofloral: NN17 - NN16
f Palynofloral: Not analyzed
Environment : f Outer littoral to inner sublittoral
Microfauna . f Noreliable marker taxa were recorded. An Early Pliocene and
younger age is assigned on stratigraphic position.
f A gradual decline in faunal abundance and diversity occurs
XS KROH IURP T D FRQVHTXHQFH RI
environment from shallow inner sublittoral/outer littoral to
littoral depths (the latter at 360")
Nannoflora . f Rare, poorly preserved nannofloras were recorded from this
interval. The co-occurrence of Discoaster brouuieri and
Discoaster cf. D. pentaradiatus in the top sample analysed
indicates an NN17 zonal age (Late Pliocene). An NN17- NN16
zonal ageisgiven WR WKH VHTXHQFH EHORZ G
Early Pliocene age was recognized.

Palynoflora . [ This interval was not analyzed for palynology.
' 7 1

Age . Early Pliocene

Lithology . No data available

Biozones [ 3O0DQNWR Q 849, Unagsigned

f SODQNWRQZ2Z0, N2(712 £N17
f Nannofloral: N15 - [?]JNN12
f Palynofloral: Not analyzed
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Environment

Microfauna

Nannoflora

Palynoflora

f T+ 9 ,QQHU WR RXWHU VXEOLWWRU

f T+ 9 6KDOORZ LQQHU VXEOLWWRL

f T+ 9 ,0Q0HU VXEOLWWaRUDO WR RX\

f %HWZHHQ 1T DQG T QR UHOLDEOH P
The presence of Globigerinoides obliquus from 660" would
suggest an N21, Late Pliocene or older age, but in view of the
limited fauna in overlying samples, this taxon is unlikely to be
SUHVHQW WR LWV IXO0O VWUDWLJUDSKI
assigned to a broad N20/N19 to N17 Early Pliocene to Late
Miocene zonal age based on the LAD of Neogloboquadrina
acostaensis DW T DQG VWUDWLIJUDSKLF1&®
markers within the underlying interval at 2400'. The more
restricted Early Pliocene age is based on nannofossil evidence.
Subsequent LAD's in the interval include Globigerinoides
extremus, Globoquadrina dehiscens and Globoquadrina
baroemoenensis at 840" and Globoquadrina altispira at 960'.
These are consistent with the age assigned. Shallow inner
sublittoral to occasional outer littoral conditions are assigned
from 2220' to 1740' where planktonics are rare and the
benthonic fauna includes typical shallow water calcareous
forms together with small agglutinated taxa.

f Above 1740' to 1200" sporadic planktonics and increasing
abundance of shallow water benthonics suggest shallow inner
sublittoral conditions.

fFINDOO\ IURP W R T IHZ WR FRPP
planktonics and abundant shallow water benthonics and
occasional deeper taxa are recorded. A fully open marine inner
sublittoral environment is assigned.

f Nannofloras from this interval are rare and poorly preserved.

f The top of the Early Pliocene, NN15 zone, is assigned on the
/$'T1V Reticulofenestra pseudoumbilical and Sphenolithus
abies at 660'. It is difficult to subdivide this section based on
nannofossil evidence due to the scarcity of age indicative
species. Thus, only a broad NN15 - NN12 zonal age is assigned
WR WKH VHTXBE2REFH )i

f$ PDMRU UHGXFWLRQ LQ WKH IORUDV F
to the uppermost section of this well.

f This interval was not analyzed for palynology.
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l

Late Miocene
Shale, with limestone

f SODQNWRQLF T ¥ +-N17(part)

f 30DQNWRQLF ¢ 1 -4?]N15

f Nannofloral: 72 ¢ 11

f IDQQRIORUDO ¢ M1+

f IDQQRIORUDO Y M1+

f Palynofloral: Not analyzed

f T+ ¢ ,QQHU VXEOLWWRUDO

f T+ 1 2XWHU VXPRPdthpeW RUD O +

f 7TKH WRS RI WKH /DWH OLRFHQH LV U
nannofossil evidence. The first micro- faunal evidence occurs
at 2400' with the LAD of the N16 marker Neogloboquadrina
continucsa. $OVR SUHVHQW DW T DUH DE.
Neogloboquadrina acostaensie consistent with a Late Miocene
DJH $ERYH T D PDMRU DQG UDSLG Gl
it is likely these taxa are not present to their full range in the well.
7KH VHFWLRQ T WR T LV DVVLJtd (
Miocene age based on the above LAD's and stratigraphic
position above zone N14 of the Middle Miocene.

f From 2820' to 2400' abundant and highly diverse benthonic and
planktonic faunas are recorded. The benthonic fauna which
includes Pullenia bulloides, Chilostomella, Vaginulina and
common Sphaeroidina bulloides is characteristic of outer
sublittoral to possibly upper bathyal depths.

f Amajor faunal reduction occurs above 2400' and continues
to 2220" and reflects a rapid shallowing of the environment
to inner sublittoral depths.

f 7TKH PDUNHG IDXQDO FKDQJH EHWZFE
relate to the development of a S.B. (5.2 myr event) within this
depth range. Regionally this event may be unconformable, but
there is no macrofaunal evidence in D2 to confirm that here.

f Overall abundances of well-preserved nannofloras from this
interval range from common to abundant.

f The top of the Late Miocene is recognized at 2220' on the LAD
of the NN11 zone marker Discoaster quinqueramus. This zone
HIWHQGYV GRZQ WR 1 Z KBlis¢bhster iKaicalis, !
Discoaster  bellus, Discoaster bolli ~and Discoaster
pseudouariabilis marking the top of the NN10 zone. Below, at
2640' the top of NN9 zone is recognized based on the LAD of
Discoaster hamatus.

f This interval was not analyzed for palynology.
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Middle Miocene

Shale and siltstone. Minor limestone and sandstone.
f 3ODQNWRQLF T ¥

f SODQNWRQLF T ¥ #\1/?]N10

f 3ODQNWRQLF ¢ ¥ =NZ/[?]N6 (part)
f IDQQRIORUDO 9§ M1+2NN7

f I1DQQRIORUDO ¢ M1t

f NannolORUDO 9 A1

f Palynofloral: Not analyzed

1+ ¥ ,Q0HU VXEOLWWRUDO
T £+ 1 ,QQadtidr sublittoral

f The LAD of in situ Globorotalia mayerilsiakeneis at 2820'

indicates penetration of zone N14 of the Middle Miocene. The
subsequent LAD of Globigerinoide subquadratus at 3060’
indicates N13 at that depth. No other marker taxa are recorded
until the LAD of the N10 marker Globorotalia peripheroronda at
7KH VHFWLRQ 7T WR T LV DV\
N11/[?]10 biozonal age.
It should be noted that specimens of Globorotalia
mayerilsiahensis and Globigerinoides subquadratus are recorded
in the base of the overlying Late Miocene inter Y DO - 270"
but the occurrence of Globorotalia siakensisimayeri at 2820' in
association with nannofloral evidence for Middle Miocene, NN8,
also at 2820' suggests an insitu occurrence from that depth.
From 4080" to 3480' inner sublittoral conditions prevailed
ZLWK D JUDGXDO GHHSHQLQJ DERYH
sublittoral conditions.
Regionally a SB is recognized at the top of the Middle Miocene
that may be unconformable. No microfaunal evidence to
confirm this was recorded and the zonal sequence recorded
appears complete.

f Rare to abundant nannofloras with poor to good preservation

were recovered throughout this interval.

f The top of the Middle Miocene is mainly based on planktonic

evidence at 2820'. The nannofossil evidence is the FAD of
consistent (in situ) Discoaster hamatus, which can be used to
mark the upper boundary of NN8 (Martini, 1971). The interval
2820" - T LV DVVLJIQH G - WRNWzdrés Ivihereas,
zone NNG6 is placed in interval 3300' to 3720' based on the LAD
of Cyclicargolithus floridanus for the upper boundary and the
LAD of NN5 marker Sphenolithus heteromorphus for the lower
ERXQGDU\ 7KH 11 ]JRQH LV WKHUHIRUH
and 4080'.
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f The LAD of Sphenolithus moriformis D W Dfscoaster exilis
at 3060" and presence of Discoaster deflandrei D W 1
consistent with the age assignment.

f This interval was not analyzed for palynology.

Early Miocene

Shale and sandstone. Occasional limestone.

f SODQNWRQLF T ¥ =Ns/[?]N6 (part)

f SODQNWRQLF T ¥ M5

f IDQQRIORUDO Y M1+

f IDQQRIORUDO ¢ N1+

f IDQQRIORUDO Y M1+

f Palynofloral: Not analyzed

f Inner to outer sublittoral

f 7TKH WRS RI WKH (DUO\ OLRFHQH LV
nannofossil evidence. The first micro- faunal evidence is
PXFK ORZHU LQ WKH LQWHUYDO
Catapsydrax unicauusldissimilis suggests zone N6. Single
occurrences RI WKLV 1 PDUNHU RFFXU VSR
EXW WKHVH PD\ EH UHZRUNHG 7KH V
therefore assigned to part of a broad N210 to N7/[?]N6 age
based on evidence from the overlying section and stratigraphic
position above positive N6.

f JURP T WR T LV DVVLIJQHG WR JRQ
above noted LAD and stratigraphic position above probable
1 DW LWKLQ WKLV VHFWLRQ D
Globoquadrina binaiensis is recorded but a single occurrence
is not considered reliable for zonal determination.

f Generally deep inner sublittoral to outer sublittoral
environmental  conditions  prevailed throughout most of the
interval but with a marked influx of planktonic and deeper water
benthonLF EHWZHHQ 1T DQG T VXJIHV
outer sublittoral conditions.

f The overall abundance of nannofloras inthis interval ranges
from rare to common with preservation ranging from poor to
moderate.

f The top ofthe Early Miocene, NN4 zone, is recognized on
the LAD of Helicosphaera ampliaperta at 4080'. The co-
occurrences of Helicosphaera obliqua, Helicosphaera euphrati
and Discoaster druggi DW T FRUURERUD\
assignment. The lower boundary of the NN4 zone is drawn at
4900' based on the LAD of the NN3 marker Sphenolithus
belemnos. The occurrence of Sphenolithue conicus at 5160' is
consistent with this assignment. The LAD's of Triquetrorhabdulus
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Palynoflora

carinatus and Sphenolithus dissimilis at 5700° mark the
penetration of the NN2 zone.
f This interval was not analyzed for palynology.

1
Early Miocene - [?]Late Oligocene
Limestone with shale

f Planktonic: T T 1 (PIN3)

f 3ODQWRQLF T TGQGHWHUPLQDWH

f Nannofloral: NN1

f SBDO\QRIORUDO ¥ QRY DQDO\]HG

f 3ADO\QRIORUDO ¢ 17-4L

f S3DO\QRIORUDO ¢ 17-#4L SDUW

f Outer sublittoral to outer littoral

f 7KH /$'fV DW DQG GlathaaBad fd/
praedehiscensltripartrita and Globorotalia opimalcontinuosa
forms suggests the presence of base Miocene, N4 zone. Also,
of note is the occurrence at 6900' of good specimens of
Globigerina sellii (poor questionably identified specimens occur
at 6840). These would suggest the penetration of zone N31P22
of the Late Oligocene at this  depth. Nannofloral evidence
suggests Late Oligocene only from 7140'. The planktonics may
be reworked or else indicate an alternative, higher position for
the Miocene/Oligocene boundary. A similar situation was seen
in OC-l at approx. 7470. No marker taxa are recorded below
6960'.

f Outer sublittoral conditions prevailed during deposition of
most of the interval and this represent a fairly rapid deepening
from the underlying deposits, the transition from which is seen
between 6960' and 6840'.

f Nannofloras are rare to common through this interval with
preservation ranging from poor to moderate. The presence of
Cyclicargolithus obisectus, Sphenolithus delphix and Discoaster
calculosus, indicates penetration of the NN1 zone. Questionable
penetration of Late Oligocene age in this interval is suggested
by planktonic evidence at 6840' - 6900'. Positive nannofossil
evidence indicative of a Late Oligocene age is not seen until
7140'. The occurrence of Dictyococcites bisecta at 6906,
however, supports the possibility of Late Oligocene age above
7140'.

f The first sample analyzed is at 6810'. The uppermost interval is
assigned to NWJ6ii on stratigraphic position above the
occurrence of a Magnastriatites houiardi event ("Magna 6i") at
7126" which marks the top of NWJ6i.
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f This interval contains sparse assemblages of predominantly
marine taxa. This is consistent with foraminiferal evidence which
indicates outer littoral to inner sublittoral environments of
deposition at the base, deepening uphole to outer sublittoral.
Marine palynomorphs are, however, relatively scarce probably in
part due tothe adverse effect ofthe dominantly limestone
lithologies on palynomorph preservation, but also probably
reflecting restricted marine  conditions. Of interest is the
occurrence of common Pediastrum. algae at 6810' which may
represent a correlateable lacustrine or lagoonal event.

1
Late Oligocene

Interbedded shale, sandstone and limestone. Occasional coal.

f Planktonic: Indeterminate

f IDQQRIORUDO ¢ X3+

f IDQQRIORUDO 1 918

f SDO\QRIORUDO § 19-4

f SBDO\QRIORUDO ¢ 17-4LL

f SDO\QRIORUDO T 19-41L

f Palynofloral: 1 £ T 1:-1L

f Fluctuating outer littoral to inner sublittoral

f No marker taxa were recorded, and the interval is of
indeterminate age microfaunally. Outer littoral conditions
prevailed for most of the interval as evidenced by a lack of
planktonics and the presence of small benthonic and agglutinated
taxa.

f Minor marine pulses are recorded at circa 7740' to 7710' by an
influx of planktonics with Operculina and Amphistegina, and at
7588'.

f Nannofloras from this interval are sparse and generally poorly
preserved. The top of the Late Oligocene (top NP25) is
recognized at 7140' from the LAD of both Sphenolithus
ciperoensis and Zygrablithus bijugatus. Also, of note are the
occurrences of Helicosphaera cf. H. bramlettei and
Helicosphaera recta at the same depth. At 7800’ the penetration
of NP24 is indicated by the LAD's of Helicosphaera compacta
and Sphenolithus cf. S. distentus. The FAD of Sphenolithus
ciperoensis incore sample 8011'10" marks the base of
definite  NP24 in this well. The occurrences of this taxon in
DC samples below this are considered to be caved.

f The top of NWJ5iii is recognized by the top of consistent
Spinizonocolpites echinatus at 7170'. The occurrence of this
halophyllic palm is likely to be to some extent facies controlled,
but some climatic or other regional influence is suggested by a
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I+

f

T

quantitative increase downhole of this taxon within the Late
Oligocene in several wells in north West Java. The top of NWJ5ii
is picked at the Magnastriatites howardi event ("Magna 5ii") seen
at 7560'. This event coincides (as in other wells in this area) with
a localized increase in abundance of marine palynomorph taxa
(and a microfaunal influx at 7588") which may represent the
local manifestation of the worldwide marine highstand of circa
26mybp. The top of NWJ5i is picked at the base occurrence
of consistent Dacrydiumites florinii at 7830". This is one of the
most consistently correlateable events in the north west Java
area and is usually associated with a marine pulse. In this case
the presence of a possible marine highstand event is suggested
by a localized increase in dinoflagellate diversity at 7890'.

This interval is dominated by supralittoral taxa derived from the
alluvial plain and coastal peat swamps (the latter indicated also
by the occasional coal lithologies). The mangrove taxon
Zonocostites ramonae occurs consistently between 7710' and
7170' and sparse mangrove and backmangrove floras are
present throughout indicating dominantly outer littoral
depositional  environments.  Localized abundances  of
dinoflagellate cysts are indicative of marine, inner sublittoral
events.

Late to Early Oligocene

f

TShTTh TR TR TR TR TR T

f
f

f

T £+ ¢ 6KDOH DQG VDQGVWRQH ZLYV
coal

T+ ¢ 6KDOH DQG VDQGVWRQH
SODQNWRQLF T PEHWHUPLQDWH
SODQNWRQLF 9 IRMW DQDO\]HG
IDQQRIORUDO 7T >1T'@ 1 R®INP23
SDO\QRIORUDO T 19%-4L
SDO\QRIORUDO ¢ 19-4
SDO\QRIORUDO@ T 1:- YL
SDO\QRIORUDO >T@1:- % fpart)

Fluctuating inner sublittoral to supralittoral

Only one sample was analysed from this interval, at
8434'. The sample is barren of foraminifera.

In the absence of marker taxa, a broad assignment of zones
[?INP24 to [?]NP23 (Late to Early Oligocene) is made between
8011'10"and 8700'. Itis noted that the nannofloral assemblages
in both the core sample at 8017'6" and the SWC at 8130' contain
no NP24 markers. The other core and SWC samples in this
interval are barren of nannotloras. The occurrences of the NP24
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Palynoflora

' )l

Age
Lithology

Biozones

marker taxon Sphenolithus ciperoensis in DC samples at 8340’
and 8460’ are considered to be caved.

f At.8011.'10" a Magnastriatites howardi event ("Magna  4ii")

f

marks the top of NWJ4ii. The top of NWJ4i is very tentatively
marked by the localized occurrence of Fusiformisporites fungal
spores and the base of consistent Spinizonocolpites echinatus in
the same sample at 8070'. The quantitative increase of "leaf hair
base" cuticle at 8206'5" is tentatively correlated with the top of
consistent occurrences in other wells to define the top of
NWJ3vi. The quantitative increase uphole of Dicolpopollis
malesianus at 8430, in the same sample as a Magnastriatites
houiardi event ("Magna 3v"), marks the top of NWJ3v-iv. In fact,
the base of consistent, but rare, Dicolpopollis malesianus
occurs just below this at 8490', however, it is considered that
the important event is the quantitative increase uphole. The
event marking the top of NWJiv is not seen in this well.

The lower part of this section, between 8700 and 8430',
contains  sparse  continental palynofloras with Pediastrum.
algae indicating lake development. The localized increase in
Pediastrum at 8610' may represent a lacustrine highstand event.
At 8430' the co-occurrence of frequent Pediastrum. with rare
marine dinoflagellates may represent lagoonal conditions
associated with the marine flooding event of circa 30 or 31mybp.
Between 8430' and 8011'10" environments of deposition
fluctuate between supralittoral and outer littoral/inner sublittoral.
The top of frequent Pediastrum. is at8370'. There is a marked
increase in marine influence uphole indicated at around 8130/,
an event which coincides with the first thin carbonates.

+ T 7'
Early Oligocene and/or Older

TH TR TR TR TR TR TR T

f
f
f
f
f
f

)l
)l
il

T 6KDOH DQG VDQGVWRQH

1 Sandstone

T 6KDOH VLOWVWRQH DQG VD(
1 + T 7' 6KDOH >"@OLWKLF WX

Planktonic: no analysis

Nannofloral: 8700" +8854', [?]NP23 or older

N

P

+ + 1+

annofloral: 8854' £11500'(TD), no analysis

alynofloral: 8700" +8850', NWJ3v-iv
Palynofloral: 8850" £7]9220', NWJ3iii-i
Palynofloral: 19220 £9510', NWJ2vi
Palynofloral: 9510' £10110', NWJ2v
Palynofloral: 10110" £10410', NWJ2iv
Palynofloral: 10410" £10470', NWJ2iii
Palynofloral: 10470" £10770', NWJz2ii
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f
f
f
f
f

f
f

f

f

f

Palynofloral: 10770" £10890', NWJ2i
Palynofloral: 10890" £11490', NWJlii
Palynofloral: 11490" £11500'(TD), NWJli

T+ 9 6XSUDOLWWRUDO WR RXWHU

1 = 1 &R QW Lpfafits®), Gacustrine. [?]Marine
influence at 11490'.
This interval was not analyzed for foraminifera.
$W T WKH SUHVHQFH LQ D YHU\
Reticulofenestra hampdenensis suggests penetration of zone
NP23 of the Early Oligocene. All other samples analyzed for
QDQQRIRVVLOV EHORZ T DUH EDUUHC
for nannofloras below the SWC at 8854".
Between 8700' and 8850' a broad zone NWJ3v-iv is assigned
below the event seen in the overlying interval. At 8850 the
base of consistent Microthyriaceae (epiphyllous fungal
germlings) marks the tentative top of an interval assigned to
NWJ3iii-i. At 9220' the change in lithologies marks the possible
top of the Jatibarang Formation. This event is probably
unconformable and is tentatively used to define the top ofNWJ2vi.
This approach is considered valid here in view of the scarcity of
palynofloras in this section and because the top Jatibarang
Formation can be picked using seismic and/or E-log techniques.
Events used to define subzones within  NWJ2 and NWJI for
this well correlate with events in the SH-1 well. They should,
however, be treated with caution since they have not yet been
tested against a third well and palynofloras are sparse
throughout.
The top of NWJ2v is the occurrence of frequent Pediastrum at
9510'. This event marks the top of an interval with noticeably
different log characteristics, which is also an interval
characterized by sparse supralittoral palynofloras often exhibiting
pyrite damage. These floras also contain evidence for a
lacustrine  depositional  setting, which suggests that the
pyrite damage to palynomorphs is due to anoxia in a [?]deep
lake setting.
The presence of locally frequent Pediastrum algae is definite
evidence for deposition in, or input from, lacustrine
environments. Itis, however, considered that the algal cysts
reported here as freshwater  forms are not necessarily
diagnostic of a lake setting. Inview of the presence of probably
insitu nannofossil assemblages in the lower sections of the
nearby FQW-I well, where there are similar sparse rum-
marine  palynomorph assemblages in marine turbidites, it is
recommended that nannofossil analysis be carried out on
selected samples in this C2 well and also the SH-1 well. If similar
nannofossil assemblages are recovered they will enable amore
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detailed correlation to be made between the deepest sections
of these wells.

f The top of NWJ2iv at 10110" is tentatively  placed at the
occurrence of rare "leaf hair base" cuticle which correlates to
a similar event in the SH-I well. Also, correlateable with SH-I is
the top of consistent triporate pollen which marks the top
of NWJ2iii at 10410, and also the localised top occurrence of
Cycadopites which defines the top of NWJ2ii at 10470'. The
local top of (albeit rare) Polypodiidites peruerrucatus at 10770’
tentatively marks the penetration of NWJ2ii. Rare Pediastrum
algae at 10890' correlates with SH-I and defines the top
of NWJIli. The FAD of Meyeripollis naharkotensis D W 1
indicate an Early Oligocene age at that depth, but since this
taxon may possibly range into the Eocene its occurrence here is
not considered strong enough evidence on which to assign a
definite age. The occurrence of rare Tasmanites DW
marks the penetration  of NWJIli. Tasmanites is a marine to
marginal marine algal cyst and its presence here and in SH-I
is a further reason to recommend nannofossil analysis (see
note above).

f Environments of deposition  are difficult to define in this
section duetothe scarcity of diagnostic floras. As mentioned
above localized abundances of Pediastrum indicate lacustrine
environments or input from a lacustrine setting. The presence of
sparse continental floras can occur in a lacustrine or a marine
setting (as seen in the FQW-I well). Some degree of marine
LQIOXHQFH LV LQGLFDWHG DW
Tasmanites.
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APPENDIX E
SEISMIC ATTRIBUTE AND SELECTED SECTIONS

Figure E.1 +Chart showing the various of bedform geometries in seismic facies analysis. Five of these geometries are
found in the study area and abbreviated in the seismic section as: Sigmoidal (Si), Subparallel (Sp), Parallel (PI), Divergent
(Di), and Hummocky (http://archives.aapg.org/slide_resources/schroeder/11b/index.cfm).
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Figure E.2 +Chart showing the RMS amplitude map from SB4 to Top Jatibarang. (A) The uninterpreted RMS amplitude
map with the section lines (purple) and the available well log data within this interval, shown as GR log (D2). (B) The
interpreted RMS amplitude map with highlighted anomalies. Several interesting anomalies are shown here as number +*
(1) the near border fault anomaly, (2) the disorganized subparallel anomaly (3) continuous low amplitude anomaly, (4)
homogeneous high amplitude trend (5) low amplitude anomaly, and (6) the subparallel anomaly.
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Figure E.3 xChart showing the RMS amplitude map from SB3 to SB4. (A) The uninterpreted RMS amplitude map with the
section lines (purple) and the available well log data within this interval, shown as GR log (D2). (B) The interpreted RMS
amplitude map with highlighted anomalies. Several interesting anomalies are shown here as number £(1) the near border
fault radial anomaly, (2) another near border fault anomaly, (3) subparallel anomaly, (4) homogenous high amplitude
anomaly, (5) lower to medium amplitude trend, , and (6) subparallel lower amplitude anomaly.
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Figure E.4 xChart showing the RMS amplitude map from Top Synrift to SB3. (A) The uninterpreted RMS amplitude map
with the section lines (purple) and the available well log data within this interval, shown as GR log (C1, C2, C3, C5, D1,
D2). (B) The interpreted RMS amplitude map with highlighted anomalies. Several interesting anomalies are shown here
as number (1) the near border fault anomaly, (2) smaller near border fault anomaly, (3) the subparallel elongate anomaly,
(4) the homogeneous high amplitude anomaly, (5) several spotted low amplitude anomaly, (6) the continuous high
amplitude anomaly, and (7) another discontinues/spotted anomaly.
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Figure E.5 zChart showing the RMS amplitude map from Top Synrift to SB2. (A) The uninterpreted RMS amplitude map
with the section lines (purple) and the available well log data within this interval, shown as GR log (C1, C2, C3, C5, D1,
D2). (B) The interpreted RMS amplitude map with highlighted anomalies. Several interesting anomalies are shown here
as number £(1) the near border fault anomaly, (2) smaller near border fault anomaly, (3) the subparallel elongate anomaly
(4) the homogeneous high amplitude anomaly, (5) several spotted low amplitude anomaly, (6) the continuous high
amplitude anomaly, and (7) another discontinues/spotted anomaly.
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Figure E.6 +Chart showing the selected dip-oriented section called A-$ 9 6-NE). The
upper figure showing the uninterpreted section and the lower figure showing the sketched
section with the interpretation on seismic reflector/bedform geometries.
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Figure E.7 xChart showing the selected dip-oriented section called B-% § 6 :NE). The
upper figure showing the uninterpreted section and the lower figure showing the sketched
section with the interpretation on seismic reflector/bedform geometries.
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Figure E.8 *Chart showing the selected dip-oriented section called C- & 6: NE). The
upper figure showing the uninterpreted section and the lower figure showing the sketched
section with the interpretation on seismic reflector/bedform geometries.
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Figure E.9 xChart showing the selected strike-oriented section called D-'Y 1: $SE).
The upper figure showing the uninterpreted section and the lower figure showing the
sketched section with the interpretation on seismic reflector/bedform geometries.
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Figure E.10 xChart showing the selected strike-oriented section called E- (f 1: $E).
The upper figure showing the uninterpreted section and the lower figure showing the
sketched section with the interpretation on seismic reflector/bedform geometries.

208



Figure E.11 =Chart showing the selected strike-oriented section called F-) § 1: SE).
The upper figure showing the uninterpreted section and the lower figure showing the
sketched section with the interpretation on seismic reflector/bedform geometries.
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Figure E.12 £Chart showing the selected strike-oriented section called G-*Y 1: SE).
The upper figure showing the uninterpreted section and the lower figure showing the
sketched section with the interpretation on seismic reflector/bedform geometries.
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