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An appraisal for the petroleum source rocks on oil seep and rock
samples of the Tertiary Seblat and Lemau Formations,
Bengkulu Basin
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ABSTRACT

The Tertiary Bengkulu Basin is known as a typical fore-arc basin, situated in southwest Sumatera. The
basin initiated during Eocene-Oligocene times, accumulates the Lahat equivalent formation. The formation is
is unconformably overlain by the Oligocene-Miocene Hulusimpang Formation consisting of volcanic rocks.
It is then succeeded by siliciclastics and minor carbonates of the Early-Middle Miocene of Seblat Formation.
Unconformably overlying the Seblat is siliciclastics of the Middle-Late Miocene Lemau Formation, then
overlain by the Late Mio-Pliocene Simpangaur Formation. The basin succession is terminated by the sequence
of volcanic rocks named as the Bintunan or Ranau Formation.

Geochemistry analyses (i.e. TOC, Rock-Eval and Gas Chromatography-Mass Spectrometry) conducted
on selected outcrop and sub-crop samples, and one oil seep sample collected during field work, have given an
appraisal to identify the nature of petroleum source rocks within the basin. The result of organic geochemistry
and also organic petrology analyses indicates that potential source rocks may occurred in the stratigraphic
succession of the basin. The Lahat equivalent formation, Seblat, and Lemau Formations may play an important
role to generate oil within the Bengkulu Basin.
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SARI

Cekungan Tersier Bengkulu dikenal sebagai suatu tipe cekungan busur-muka, yang terletak di barat daya
Sumatera. Cekungan ini terbentuk sejak umur Eosen-Oligosen dengan diendapkannya Formasi setara Lahat,
yang ditindih secara tidak selaras oleh batuan vulkanik Oligosen-Miosen Formasi Hulusimpang. Kemudian
dilanjutkan oleh silisiklastika dan sedikit karbonat Miosen Awal-Tengah Formasi Seblat. Tidak selaras di
atas Formasi Seblat adalah silisiklastika Miosen Tengah-Akhir Formasi Lemau, yang selanjutnya ditindih
oleh Formasi Simpangaur berumur Miosen Akhir-Pliosen. Runtunan pengendapan di cekungan ini diakhiri
oleh batuan vulkanik Formasi Bintunan/Ranau.

Analisis geokimia (seperti TOC, Rock-Eval, dan Gas Kromatografi-Mass Spektrometri) yang dilakukan
pada percontoh singkapan dan sub-singkapan terpilih, dan percontoh rembesan minyak yang didapatkan
selama melakukan pekerjaan lapangan, telah memberikan penilaian dan identifikasi potensi sumber batuan
pembawa minyak di dalam cekungan. Hasil analisis kimia organik dan petrologi organik mengungkapkan
bahwa potensi batuan sumber pembawa minyak diduga terdapat di runtunan stratigrafi cekungan. Formasi
setara Lahat, Formasi Seblat, dan Formasi Lemau mungkin berperan penting untuk menghasilkan minyak
di dalam Cekungan Bengkulu.

Kata kunci: Batuan sumber, rembesan minyak, pembentukan minyak, Formasi Lemau, Formasi Seblat, Cekungan
Bengkulu
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INTRODUCTION

The Tertiary Bengkulu Basin is a typical fore-arc
basin, situated in southwest Sumatera Island. Most
of the covered basin area belongs to the Bengkulu
Province, administratively (Figure 1). The Bengkulu
Basin is bounded by the Barisan Magmatic Zone to
the northeast and Mentawai Ridge to the southwest.
It is filled by the Eocene to Pleistocene volcanic,
siliciclastic, and minor carbonate rocks.
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Figure 1. Locality map of the study area, showing the Beng-
kulu Basin.

Fieldwork activity taking place in 2005 and
2006, was intended to collect field data including
outcrop and sub-crop rock samples, sedimentology,
and stratigraphy. Observations were carried out in
the Seblat and Lemau Formations outcropping in
many rivers, tributary and also road cut, and some
in coal mining areas. The outcrop was also observed
in the northern part of the South Bengkulu Regency
(upstream of the Manna and Kedurang Rivers).

The major aim of study is to determine and of-
fer a possible appraisal for petroleum source rock
potential in relating to one of the hydrocarbon
systems in the Bengkulu Basin. All selected out-
crop and sub-crop samples and oil seep have been
collected during a fieldwork for laboratory analysis
purposes, such as organic petrology and organic
geochemistry.

METODOLOGY

The research method comprises two types, these
are fieldwork and laboratory analysis. The fieldwork
consists of stratigraphy measurement along the riv-
ers, creeks or tributaries, and also several mining
areas where the outcrops or sub-crops are available
for conducting observations. A total of thirty two
fresh rock samples are collected, and also one oil
sample collected that is derived from oil seep point
in Padangcapo, Sukaraja Sub-Regency that are all
for laboratory analysis. Organic petrology was also
conducted for maceral analysis, including vitrinite
reflectance measurements. Additionally, organic
geochemistry analyses, such as TOC (Total Organic
Carbon), Rock-Eval Pyrolysis, and gas chromato-
graphy-mass spectrometry were applied to determine
both characters and fingerprint (biomarker) of oil
seepage and source rock samples. All analyses for
organic geochemistry on rock and oil seep samples
were carried out in PPTMG-Lemigas, Jakarta.

GEOLOGICAL SETTING

The geological map of the Bengkulu Quadrangle
made by Gafoer et al. (1992) is shown in Figure 2,
whereas the stratigraphic column cited from Yuli-
hanto et al. (1995) is presented in Figure 3. The
stratigraphy of the Bengkulu Fore-Arc Basin can
be divided into offshore and onshore areas. The
Eocene-Oligocene equivalent Lahat, recognized
from seismic interpretation and well descriptions,
occurs in the offshore Bengkulu area. This formation
has not been recognized in the onshore area so far
(ulihanto et al., 1995; Guntoro and Djajadiharja,
2005).

The oldest Tertiary rock in onshore area is
the Oligocene-Miocene Hulusimpang Formation
consisting of lava, volcanic breccia, and tuffs. It is
overlain by intercalations of mudstone, calcareous
mudstone, and sandstone with interbedded limestone
and conglomerate of the Early—Middle Miocene
Seblat Formation.

The Middle-Late Miocene Lemau Formation
(mudstone, calcareous mudstone, coal seams, sand-
stone, and conglomerate) unconformably overlies
the Seblat Formation. The Lemau Formation in
turn, is conformably overlain by the Mio-Pliocene
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Figure 2. Geological map of the Bengkulu Basin (simplified from Gafoer et al., 1992 and Amin et al., 1994) showing the
distribution of Seblat and Lemau Formations, and also the location of oil seep.

Simpangaur Formation which comprise conglomer-
atic sandstone, sandstone, and mudstone containing
mollusc shells. Finally, the basin fill ended with the
deposition of tuff, tufaceous mudstone, and polymict
conglomerate of the Plio-Pleistocene Bintunan For-
mation correlated to the Volcanic Ranau Formation
(Amin et al., 1994).

Furthermore, the most specific stratigraphic
unit (Seblat and Lemau Formations) will be briefly
described below as those rock units are considered
to be the most important role for petroleum source
rock in the Tertiary Bengkulu Basin.

Seblat Formation
The Seblat Formation well outcrops in the road
to Tanjungsakti, where the lower section of the

formation is dominated by claystone and mudstone,
grey to blackish colour, thick bedded to massive,
partly shows a parallel lamination containing organic
matter or carbonaceous rock (Figure 4a). A coarse
to conglomeratic sandstone succession, well bedded
(25-150 cm) is found in the lower part of this sec-
tion. Most of the conglomerate fragments consist of
volcanic rocks having a diameter of 0.2 to 5 cm long,
subangular to subrounded shape, and poorly sorted.
The matrix comprises tuffaceous sands.

The upper part of the formation is preceded by a
series of clastic limestone which consists of calcilu-
tite, and then folowed by an intercalation (10-30 cm)
of calcilutite and fine- to coarse-grained calcarenite.
This unit is overlain by a well-bedded (30-150 cm ),
medium- to coarse-grained calcareous sandstone,
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Figure 3. Stratigraphic column of the Bengkulu Basin (modified from Gafoer et al., 1992; Amin et al., 1994; and Yulihanto

etal., 1995).

compact, showing some sedimentary structures such
as parallel beds and graded beds. Subsequently, it is
folowed by intercalations (10 - 30 cm) of calcareous
mudstone and fine- to coarse-grained calcareous
sandstone, having a minor sedimentary structure of
parallel laminations. The limestone series is overlain
by intercalations (5 - 25 cm) of mudstone, tuffaceous
mudstone, and fine-grained tufaceous sandstone,
also showing parallel laminations.

Based on the nanno fosil assemblage (Spheno-
lithus heteromorphus, S. belemnos, S. moriformis,
Helicosphaera carteri, Discoaster deflandrei, D.
drugii, Coccolithus miopelagicus, Cyclicargolithus
floridanus, and Calcidiscus macintyrei), the age of
the formation is suggested to be Early Miocene or
NN3 zone. The formation has been confirmed to be
deposited in a shallow marine environment (Her-
yanto, 2006a).

Lemau Formation

The Lemau Formation comprises claystone,
calcareous claystone, coal seam, sandstone, and con-
glomerate. A series of the Lemau Formation in the
Sebayur area (Ketahun) was observed on sub-crop or

core samples of several shallow drillings conducted
by private coal company in this area. Generally, the
Lemau Formation can be divided into two parts of
successions. The lower part is dominated by sand-
stone, whilst the upper part is dominantly composed
of carbonaceous mudstone that is interbedded with
coal seams (Figure 4b) and also claystone interca-
lated with fine- to medium-grained sandstone as
found in the Kedurang River (Figure 4c). In some
places, in the uppermost section of this formation
is also recognized interbedded volcanics and sandy
mudstone being rich in mollusca shells (Heryanto,
2005, 2006b).

Based on the nanno planktonic fossil analysis,
the Lemau Formation is Middle Miocene in age, and
it was deposited in a shallow marine environment.
Additionally, the palinology analysis on the Lemau
Formation resulted in Middle to Late Miocene
age, shows a mangrove to fresh water depositional
environment. According to Heryanto (2005), the ap-
propriate age for the Lemau Formation is presumed
to be Middle to Late Miocene, and the formation
was deposited in a shallow marine to transition
environment.
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Figure 4. Photographs of outcrop of: a) carbonaceous mud-
stone of the Seblat Formation in the road to Tanjung sakti;
considered as a petroleum source rock; b) carbonaceous
mudstone within the Lemau Formation in PT Danau Mas
Hitam Coal Mine area that is also considered as a candidate
for petroleum source rock; c) the Lemau Formation in the
Kedurang River consisting of well bedded claystone inter-
calated by fine-to medium-grained sandstone; the claystone
my also be considered as petroleum source rock;

AN APPRASIAL ON THE RESULT OF ANALYSIS TO THE
PETROLEUM SOURCE ROCKS

To find out the potential of petroleum source rock
within the basin, TOC (total organic carbon) ana-
lysis, Rock-Eval pyrolysis, organic petrology, and

organic geochemistry (Gas Chromatography- Mass
Spectrography) were conducted. These analyses
were carried out on fine-grained clastics, such as
shale, claystone, and mudstone samples, whereas
petrographic analysis is not only carried out on shale
and mudstone, but also on coal samples. The oil seep
(SY-47) collected from Padangcapo ( Figure 5) is
also analyzed by the Gas Chromatography-Mass
Spectrography mode. The oil indicates a moderately
biodegraded type.

Figure 5. Photograph of an oil seepage at location of 05 SY
47 in Padang capo, Sukaraja Sub-Regency (see Figure 2);
this oil seep sample is analyzed for main reference discus-
sion in this paper.

Organic petrology or optical method was a good
tool for determining maceral analysis and vitrinite
reflectance measurement (Cook, 1982; Tissot and
Welte,1984). Total organic carbon (TOC) analysis is
a basic parameter and useful measurements related
to quantity of organic matter within the source rocks
(Peters, 1986; Bordenave, 1993). The result of TOC
measurements, Rock-Eval pyrolysis (Table 1), Gas
Chromatography-Mass Spectrometry including
biomarker, organic petrology together with maceral
analysis and vitrinite reflectance measurements will
be described and discussed below.

Organic Geochemistry

Laboratory works were mainly done for the
organic geochemistry, total organic carbon (TOC)
analysis, and Rock-Eval pyrolysis on the total of
thirty two rock samples from the Seblat and Lemau
Formations (Table 1). Those samples were exam-
ined to provide a useful and valuable information
on generation potential (ultimate hydrocarbon yield)
and expected hydrocarbon product (gas and/or
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Table 1. Results of TOC and Pyrolysis Rock-Eval Analyses for some Outcrop and Sub-crop Samples of the Seblat and Lemau

Formations
Samples ; TOC S S PY max
No. No. Lithology Formation (%) won on won Pl (°C) HI
1. 05RH11 Claystone Seblat 1.37 0.45 3.89 434 0.10 440 284
2. 05RH17 Claystone Seblat 1.37 0.45 3.89 434 0.10 440 284
3. 05RH20B Shale Seblat 1.54 1.04 0.79 1.83 057 453 51
4. 05RH27 Claystone Seblat 1.16 0.55 1.15 170 0.32 452 99
5. 05RH30 Claystone Seblat 1.40 0.44 1.86 230 019 455 133
6. 05RH32 Claystone Seblat 0.22 0.13 0.35 048 0.27 447 159
7. 05RH34 Claystone Seblat 1.22 0.75 1.53 228 0.33 418 126
8.  05RH37 Claystone Seblat 1.24 0.27 3.09 336  0.08 439 250
9 05RH74D Claystone Seblat 3.85 0.32 4.57 4.89 0.07 416 119
10  05RH50D Claystone Lemau 8.68 0.50 14.77 1527 0.03 426 170
11 05RH50G Claystone Lemau 1.55 0.21 2.47 2.68  0.08 440 159
12 05RH50H Claystone Lemau 9.57 1.05 23.64 2469 0.04 433 247
13 05RH50J Claystone Lemau 6.09 0.66 21.44 2210 0.03 443 352
14.  05RH51A Claystone Lemau 3.53 0.08 0.10 0.18 0.44 570 3
15  05RH51D Shale Lemau 1.05 0.03 0.04 0.07 043 577 4
16  05RH52A Coaly shale Lemau 3.15 0.06 0.11 017 0.35 572 3
17 05RH53C Claystone Lemau 11.53 0.95 20.12 21.07 0.05 453 174
18  05RH54B Claystone Lemau 0.65 0.11 0.12 0.23 0.48 510 19
19  05RH60C Claystone Lemau 3.01 0.62 9.16 9.78  0.06 427 304
20 05RH65 Shale Lemau 0.85 0.02 0.74 0.76  0.03 435 87
21.  05RH71A Coaly shale Lemau 14.71 3.62 113.68 117.30  0.03 426 773
22 05RH73B Shale, carbonaceous Lemau 8.59 0.75 60.36 61.11  0.001 426 703
23. 05RH75A Shale, carbonaceous Lemau 5.39 0.40 29.62 30.02 0.01 434 550
24.  05RHS81 Shale, carbonaceous Lemau 8.65 0.64 48.96 4960 0.01 427 566
25.  05RH84 Shaly coal Lemau 9.81 0.88 55.68 56.56  0.02 426 568
26.  05RH85D Coaly shale Lemau 27.09 1.04 187.84 188.88 0.001 426 693
27.  05RHS85I Shale, carbonaceous Lemau 4.45 0.17 15.08 15.25 0.001 430 339
28. 05RH87B Claystone Lemau 2.73 0.00 4.23 423 0.00 435 155
29. 05RH101D  Shaly coal Lemau 23.58 0.24 84.24 84.48  0.00 421 357
30. 05RH102C  Claystone Lemau 0.72 0.03 1.16 1.19 0.03 502 161
31. 05RH104B  Shale, carbonaceous Lemau 2.62 0.17 10.46 10.63  0.02 435 399
32.  05RH107B  Claystone Lemau 0.64 0.01 0.47 0.48 0.02 569 74
EXPLANATIONS:
TOC : Total organic carbon T - Maximum Temperature (°C) for hydrocarbon formation
S, Quantity of free hydrocarbon from kerogen
S, Quantity of hydrocarbon from kerogen HI : Hydrogen Index

PY . Total hydrocarbon (S, +S,)
Pl : Production Index =S, /(S,+S,)

oil). In addition, the Rock-Eval pyrolysis, with its
limitations, facilitates the character type of organic
matter and the general nature of the hydrocarbon
products (e.g. oil vs. gas) which will be generated
upon a thermal maturation (Espitalie et al., 1977;
Katz, 1983). Source rocks are fine-grained sedimen-
tary rocks (such as shale, carbonaceous mudstone,
and claystone) containing considerable volumes of

usually autochthonous dispersed organic matter or
kerogen from which significant amounts of oil may
be extracted by pyrolysis.

The TOC and Rock-Eval pyrolysis results in
that ten samples (05RH53C, 05RH50J, 05RH50H,
05RH75A, 05RHS81, 05RH84, 05RH101D,
05RH73B, 05RH71A, and 05RH85D) of thirty two
rock samples have been defined in according to Tis-
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sot and Welte (1984), Peters (1986), and Bordenave
(1993) as an excellent potential (PY: 21 -189 kg/
ton rock and TOC: 4.5 - 23.6 %), and four samples
(05RH60C, 05RH104B, 05RHS5I, and 05RH50D)
yielded a good potential (PY: 9.8 - 15.3 kg/ton rock
and TOC: 2.6 - 8.7 %). All of the above samples
are from the Middle-Late Miocene Lemau Forma-
tion. The next eight samples (05RH30, 05RH50G,
05RH37, 05RH87B, 05RH34, 05RH11, 05RH17,
and 05RH74D) are categorized as a fair value (PY:
2.3 - 4.9 kg/ton rock and TOC: 2.4 - 3.8 %). Two of
those samples are also from the Lemau Formation
and the other six samples are from the Early-Middle
Miocene Seblat Formation. The rest eight samples
fall into a poor source rock category. In order to il-
lustrate the relative hydrocarbon potential, data for
all thirty two samples are plotted in Figures 6a and
6b, which show an oil and oil - gas prone zones
The Hydrogen Index (HI) versus maximum
temperature (T __ ) diagram shows maturation levels
of the source rock to be immature to early mature
(Figure 7). The diagram also indicates that three
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samples from the Lemau formation contain Type |
kerogen, thirteen samples from the Lemau and five
from the Seblat Formations contain Type Il kerogen,
and two samples from the Lemau and four from the
Seblat Formations have Type Il kerogen. The plot-
ting diagram shows that five samples could not be
readily categorized.

One source rock sample from the Lemau Forma-
tion (05RH101D) and one oil seep sample have been
analyzed for gas chromatography, and their results
are mentioned in Table 2 and Figure 8a. Gas chro-
matography and biomarker distributions for source
rock samples from the Lemau Formation (Figure
8a) indicates a terrestrial organic matter origin. It is
characterized by the occurrence of high bicadinanes,
having low oleananes as well as relatively high oxic
environment (Pr/Ph > 3). The thermal maturity of
the sample indicates a low maturity level as shown
by high 22R homohopane and high odd over even
carbon number (CPI >1) as defined by Tissot and
Welte (1984), Moldowan et al. (1985); Philp (1985);
and Fildani et al. (2005).
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Figure 6. Diagrams showing a) Plotting TOC versus potential yield (PY) for all source rock samples of the Seblat and Lemau
Formations indicating that the Lemau has a very good to excellent source rock potential, whilst the Seblat ranges from poor
to good; b)Ploting TOC versus Hydrogen Index (HI), Indicating that the source rock samples of the Lemau Formation range
from fair to excellent for “oil, and oil &gas”, whilst the source rock samples for the Seblat Formation range from poor to

good for “gas, and oil & gas only”.
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Figure 7. Plot of whole rock T versus Hydrogen Index (HI),
showing that the kerogen types and hydrocarbon maturation
for the Seblat and Lemau Formations.

The result of gas chromatography and mass-
spectrometry analysis on one oil seep sample (Fig-
ure 8b), shows that the oil is typically a moderate
biodegraded type. The oil was originated from a
mature source rock, that is inferred to be derived
from organic matter of terrestrial high plants as
characterized by the presence of bicadinanes,
oleananes and taraxastanes (Moldowan et al., 1985;
Philp, 1985).

Maceral Type

The maceral type within the Seblat and Lemau
Formations is recognized by using optical method of
organic petrology. The main advantages are to dis-
criminate and locate organic matter of different types
of macerals (Cook, 1982; Tissot and Welte, 1984).
The dispersed organic matter (dom) found within the
carbonaceous mudstones, shale, and claystones of
the Seblat and Lemau Formations respectively are
presented in Table 3.

Table 2. Correlation of the Result of Organic Geochemistry Analyses between Qil Seep and Source Rock Sample

Source Rock

Qil Seep

Remarks
(05RH101D) Romarks (SY-47)
CPI 123 Low maturity; Marine deltaic ND *
PriPh 3.85 Higher plant; deltaic environment.  ND
O Low to moderate oxygenated -
o bottom water column env.
Dia 0.1 Low maturity; marine 1.39 Early mature; marine
o Ste deltaic environment. : clay rich condition oil
[ =
© | 208 0.35 Immature 078  Mature, oil window
; 20R
o la o ND - ND -
2|[C ND - ND :
Cu ND - ND -
. Ste./Hop. 0.93 Marine deltaic shale 0.69 Oil was derived from
marine shale
o 8 |CWCa 1.65 8.27
= | § |cuTe
« @ | 2.13 Marine deltaic 0.92 Oil was derived from a
-~ g‘ Ca environment. marine source rock
= | C,Tel : :
2% G 0.53 Marine deltaic 240  Lacustrine
i = C environment. Marine shale sourced oil
wn 8- I'I“i.f 0.03 Immature 0.57 Early mature
= op.
= Ts/ 0.76 Immature 0.40 Oil was derived from a
(Ts+Tm) mature source rock
C/ Cy 0.83 Higher plant organics; 0.69 Marine
deltaic environment.
225/22R 0.42 Immature 0.61 Early mature
Mor./Hop.  0.04 Immature 0.31 Early mature
© 0 |0l/Hop. 0.04 Higher plant organics 1.14
B 2| cam. ND . .
] é%) ND
g g‘ ﬁﬁ ND N ND Oil was derived from a higher
o e plant organics
o= BB ND g ND -
(%)
BMI 1.63 Immature 244 Early mature
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Figure 8. a) Gas chromatography analysis of a rock sample from the Lemau Formation (05RH101D), showing (1) Gas
Chromatography-Mass Spectrometry analysis; (2) Saturate Biomarkers m/z 217 Steranes; (3) m/z 191 Triterpanes; b) Oil
seep sample (SY-47), showing (1’) Gas Chromatography-Mass Spectrometry analysis where the oil appears to have been
biodegraded; (2’) Saturate Biomarkers m/z 217 Steranes; (3’) m/z 191 Triterpanes.

Table 3. Maceral Analyses of Dispersed Organic Matter
(d.o.m) of the Seblat and Lemau Formations

Maceral Seblat Fm. Lemau Fm.
Vitrinite 1 -2 % 09-144%
Exinite 01-6 % 02- 9 %

Telalginite 0 -1 % 0 -2 %

Lamalginite 0 -1 % 0 -2 %

Resinite 0 -2 % 02- 3 %

Sporinite 0 -01% 0 -2 %

Bituminite 0 -2 % 0 -1 %

Cutinite 0 -1 % 0 -1 %

Liptodetrinite 0 -2 % 0 -2 %
Inertinite 0 -1 % 0 -2 %
Vitrinite Reflectance 0.54 - 0.58 (n=2) 0.39 - 0.55 6n=3)
(%RvV_) Average =0.56  Average = 0.40

Maceral analysis, carried out by organic petro-
graphic techniques, examined the dispersed organic
matter (dom) isolated from shale and mudstones
samples of the Lemau and Seblat Formations. Ma-
ceral from coal sample of the Lemau Formation was
also examined. The dom of the Seblat Formation

consists of exinite (0.1 - 6 %), vitrinite (1 - 2 %),
and inertinite (0 - 1 %) maceral group. The exinite
group comprises alginites, such as telalginite and
lamalginite. Resinite (0 - 2 %), sporinite (0 - 0.1 %),
bituminite (0 - 2 %), cutinite (0 - 1 %), and liptode-
trinite (O - 2 %) are also present.

The dom of the Lemau Formation comprises
vitrinite (0.9 - 14.4 %), exinite (0.2 - 9 %) and iner-
tinite (0 - 2 %) maceral group. The exinite group is
composed of alginite (1 - 4 %), resinite (0.2 - 3 %),
sporinite (0 - 2 %), bituminite (0 - 1 %), cutinite (0 - 1
%), and liptodetrinite (0 - 2 %). The alginite maceral
type is present as telalginite (0 - 2 %) and lamalginite
(0-2%).

Thus, the maceral type of dom of the Seblat
Formation is predominantly vitrinite and exinite
with rare inertinite. Its characters and maceral
composition indicate that the dom was probably
derived from terrestrially origin (Cook, 1982;
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Tissot and Welte, 1984) with a small amounts of
brackish organic inputs indicated by the presence of
telalginite sub-macerals (0 - 1 %). Almost similar to
the Seblat Formation, the maceral type within the
Lemau Formation comprises largely vitrinite with
minor exinite and rare inertinite. Vitrinite maceral
within the Lemau Formation is more abundant com-
pared to those the Seblat Formation. Accordingly,
the dom characteristics of the Lemau Formation
are also almost similar to those the Seblat Forma-
tion, i.e. terrestrially origin with also an influence
of few brackish organics of typically telalginite
sub-maceral (0 - 2 %) (Table 3).

Maturity Indicators

A normal vitrinite reflectance value on fine-
grained clastics in the Lemau Formation (i.e. those
unaffected by igneous intrusions), such as carbona-
ceous mudstone, shale claystone, and coal ranges
from 0.39 % to 0.55 %, with an average of 0.40 %.
Consequently, the source rock maturation of these
samples (Lemau Formation) is defined as an imma-
ture to early mature level (Cook, 1982; Tissot and
Welte, 1984; Bordenave, 1993). This vitrinite reflec-
tance value designates that the sediment successions
of the Lemau Formation have ever been buried at a
depth of about 2500 m where the paleotemperature
has reached 80° C (Kantsler et al., 1978; Burley et
al., 1987).

The vitrinite reflectance (%Rv__ ) in the dom of
the Seblat Formation was difficult to be determined
(Table 3), even though the reflectance of a small
amounts of fine-grained vitrinite has successfully
been measured. The vitrinite reflectance value within
the dom of the Seblat Formation ranges from 0.54
% to 0.58 % (see Table 3) having an average value
of 0.56 %. Thus, it can be deduced that the thermal
maturation level of petroleum source rocks of the
Seblat Formation may be defined as an early ma-
ture category (Cook, 1982; Tissot and Welte, 1984;
Bordenave, 1993).

The T, value obtained from pyrolysis mode
represents that the Seblat Formation has a maturity
level from early mature to mature ( 416° C to 455°
C) as shown in Table 1 and Figure 7. The Lemau
Formation has T __ value ranging from 421° C to
577° C. It means that the petroleum source rock
has a level of maturity from immature to post ma-
ture. However, the high value of T__ on the Lemau

Formation (>450° C) might has been affected by a
thermal intrusion of igneous rocks.

The parameter of organic geochemistry (see
Table 2) for one sample of the Lemau Formation
shows that the petroleum source rock has an imma-
ture level (Herroux et al., 1979; Tissot and Welte,
1984; Peters, 1986). The result of analysis on the
oil seep sample shows that the level of maturity is
mostly early mature to mature. Accordingly, based
on organic geochemistry parameter, the Lemau
Formation does not appear to correspond with the
oil seep

O1L SEEP TO SOURCE ROCK CORRELATION:
DiscussioNs

The important matter of oil source in the petro-
leum source rocks is the exinite maceral group with
some additional vitrinite fragments (dom), showing
a general fluorescent colour that ranges from green-
ish yellow to yellow and also brownish yellow or
orange. The exinite content in the Lemau Forma-
tion has a positive corelation with the pyrolyses
yield (PY). This condition indicates that the Lemau
Formation has an excellent potential of petroleum
source rock, even though that the parameter of ma-
turity does not support for generating oil level (see
Figures 6a, 6b, and 7).

T, values, ranging from 421° C to 577° C,
show that the maturity level is situated between
immature to early mature stage (Figure 7). This
condition is also supported by the vitrinite re-
flectance showing values from 0.39 % to 0.55 %
(early mature level). However, the average value
of vitrinite reflectance (see Table 3) is 0.40 %
(immature). The thermal maturity of the sample
is also supported by the gas chromatography and
biomarker analyses which indicate a low maturity
stage as shown by high 22R homohopane and car-
bon number (CPI >1). The diagenesis level of the
sediments varies from Late Eodiagenesis to Early
Mesodiagenesis, which is equal to the immature to
early mature stage (Cook, 1982). This condition in-
dicates a burial depth of about 2500 m depth where
the paleotemperature reached 80° C (Kantsler et al.,
1978; Burley et al., 1987).

According to Guntoro and Djajadiharja (2005),
oil shows in Arwana-1 well (offshore) were encoun-
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tered in thin volcanoclastics of Early Miocene to
Early Oligocene age, and also in a dolomitic interval
equivalent to the Baturaja Formation at a depth of
2988 - 3092 m. The oil shows in Arwana-1 were
not derived from the Lemau source rock, but more
probably from the Seblat Formation one. However,
it is possible its presence was contributed from an
oldest source rock-bearing formation, that is a unit
which is equivalent to the Lahat Formation.
Biomarker analysis (GC-MS mass spectrogram)
of a selected sample extracts of one source rock
from the surface sample of the Lemau Formation
(0O5RH101D) of the Bengkulu Basin is compared to
the oil seep sample (SY-47) in an attempt to establish
oil seep — source rock correlation (Table 2).
Figure 9a shows plotting diagram between
oleanane/C, hopane ratio and Ts/(Ts+Tm)ratio ad-
opted from Fildani et al. (2005) clearly indicates that
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Figure 9. Source rock-oil seep correlation using parameters
of: (a) oleanane/C, hopane versus Ts/Ts+Tm) ratios, and
(b) oleanane/C, hopane versus diasterane/sterane ratios; the
result indicates that the oil seep does not appear to perfectly
matching with the source rock sample.

the influence organic facies change (marine versus
terrestrial) is not supported by positive correlations
between source rock sample and oil seep sample. A
correlation between oleanane/C, hopane ratio and
diasterane/sterane ratio on both source rock and
oil seep samples (Figure 9b) does not appear to be
matched each other. It means that the oil seep has not
been generated from that source rock (Lemau For-
mation). A similar suggestion is also obtained from
other biomarker parameters (see Table 2), indicating
that the oil seep characters do not correspond to the
source rock sample.

Triangular diagram of chemical gross composi-
tion (Figure 10) shows that the oil seep has been
moderately biodegraded. Nevertheless, the oil seep
indicates to be typically situated within a mature
pathway. The source rock sample (05RH101D)
does not match with the oil seep sample. Hence,
it could be confirmed that the source rock of the
Lemau Formation was not a generative source rock
within the Bengkulu Basin. The oil seep might
have not been generated from the oldest rock that
is the Lemau Formation, but it is most possibly
the Seblat Formation or the Lahat equivalent
Formation.
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Figure 10. Triangular diagram of chemical gross composition
for oil seep sample and source rock extracted (outcrop)
reflecting that the oil does not appear to match with the source
rock (Lemau Formation).
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CONCLUSIONS

* Source rocks of the Lemau Formation include
samples having a good to excellent potential,
whereas those of the Seblat Formation have a poor
to good potential. These samples appear to be oil
and mixing oil-gas prone.

» The maturation level of most of samples analyzed
for the Lemau Formation having kerogen of Type
I, Il, and Il are immature to early mature. The
vitrinite reflectance ranging from 0.39 up to 0.55
% indicates a burial depth of about 2500 m in
depth and paleotemperature of 80° C.

* The Seblat Formation mostly indicates a mature
source rock type, while the organic content con-
sists of Types Il and | kerogen, and dominant
vitrinite, with some exinite, and rare inertinite
maceral. The vitrinite reflectance ranges from
0.54 % to 0.58 %.

* Rock-Eval and biomarker data of oil seep and
Lemau source rock samples indicate that both
materials contain organic matter input from a
terrestrial to a few brackish environment. Al-
though the oil seep was derived from a mature
source rock, the Lemau samples are still of low
maturity. The biomarker analysis also indicates
that the oil seep sample does not correlate with
the source rock sample of the Lemau Forma-
tion. Thus, the oil seep is most probably derived
from the oldest rock units, i.e. the Seblat For-
mation or other rock units, such as the Lahat
equivalent Formation.
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