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ABSTRACT - The lariang-karama sub-basin is situated within the Makassar basin, located in the West
Sulawesi region. It has source of rocks which has the potential to produce hydrocarbons and to become a
target for new field discoveries in hydrocarbon exploration activities. It is on this basis that the authors are
interested in conducting research in the Makassar basin area and its surroundings, which has been carried
out since 2017. This is a comprehensive literature review study from 2017 to 2022, focusing on the origin
and composition of biomarkers, paleogeography of facies sources from oil seeps (2017-2018), paleofacies
and biomarker characteristics of Paleogene to Neogene rocks (2019), contribution of terrestrial materials
based on geochemical and biostratigraphic analysis (2020), tectonic processes occurring in the basin, and
geochemical characterization of source rocks in the research area (2022). The FS-12 surface sample in
shale may belong to the Kalumpang Formation, located in West Sulawesi. The results of TOC analysis were
0.62%, indicating sufficient quantity. Based on the results of the cross plot between HI values of < 50 and
Tmax of 499 °C, the category was found to be overmature and could not produce hydrocarbons. The results
of this research, along with those of previous research and the latest geochemical study, were obtained in the
West Sulawesi region and the eastern Makassar Strait. These findings consisted of marine shale source rocks
in West Sulawesi and lacustrine shale source rocks in the eastern Makassar Strait.
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INTRODUCTION

Hydrocarbons play a very important role as an
energy resource to support the Indonesian economy
(Praptisih 2022). Exploration of hydrocarbons is a
crucial activity in the oil and gas sector that involves
searching for new reserves to meet production needs
and developing existing oil fields. An essential
component of exploration is geochemical analysis,
which can be carried out on surface samples and
hydrocarbon seeps. Various geochemical analyses
have been conducted on surface samples and seeps in
WestSulawesi. In research by (Sutadiwiria et al. 2017
,2018) on oil seeps in the Lariang and Karama areas
of West Sulawesi, the oleanane saturation found in
these seeps indicates that the source rocks in the West
Sulawesi area were formed in delta and near-coastal
environments. This oil seep is known to originate
from Eocene coal and Toraja shale coal from the
Kalumpang formation. The results of biomarker
analysis on GC-MS show that the source of oil seep
in Lariang can be traced back to terrestrial organic
material, with the additional presence of organic
materials from algae and herbs (Sutadiwiria 2019).

The Lariang-Karama sub-basin in the Makassar
basin has the potential to produce hydrocarbons.
This study aims to refine the predictions regarding
the capacity of the area’s source rock to produce
hydrocarbons by using geochemical analyses of
hydrocarbons. These analyses determine the quality
of organic materials from rock-eval pyrolysis
(REP), the quantity of organic materials from total
organic carbon (TOC), the degree of maturity of
the hydrocarbon from cross-plot Tmax vs HI, gas
chromatography (GC), and gas chromatography/
massspectrometry (GC/MS).

Regional Geology

Makassar basin is located in Indonesia and is
bounded by different geographical features. To the
north lies the Mangkalihat High, while the Java Sea
is situated in the south. In the west, it is bordered by
the East Kalimantan mainland, which includes the
Mahakam Delta and the SSW-NNE fold structure.
On the east, it is bounded by the mainland of West
Sulawesi, which has a thrust fold in the SSW-NNE
direction. The Makassar basin was formed during
the pre-Tertiary to late tertiary extensional stages,
which occurred no earlier than the early paleocene
(Sutadiwiria et al. 2022). Calvert & Hall (2003)
have reported that the research area is located in
the eastern part of the Makassar Basin. The basin
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was formed during the early tertiary, paleocene, and
middle Eocene-Late Eocene. This formation was due
to its expansion. The rifting led to the formation of
graben and half-graben, and the subsidence formation
took place during the early period of the rifting. This
process caused the island of Sulawesi to move from
east to southeast and separate from the mainland
of Sunda/Kalimantan. The area is subjected to
extensional compressional forces, which have led
to the upliftment, folding, and shearing of the pre-
tertiary basement, resulting in the formation of rock
depressions and elevations (Figure 1).

Regional Tectonic

The Makassar basin, where the Lariang-Karama
Sub-Basin is formed, has three main fault patterns:
northeast-southwest, northwest-southeast, and
north-south. According to (Fraser 2003, Calvertand
Hall 2007, and Raharjo et al. 2012), the formation
of Makassar basin can be divided into six tectonic
stages (Figure 2). These stages are the Pre-rift stage
(pre- Tertiary), Syn-rift package stage (Middle-Late
Eocene), Post-rift package stage (Oligocene), Post-
rift package stage (Early-Middle Miocene), Post-rift
package stage (Late Miocene) and Foreland basin
package stage (Early-recent Pliocene).

Regional Stratigraphy

The study area is marked on a stratigraphic
column (Calvert & Hall 2003; Raharjo et al.
2012) (Figure 2). The area is part of the Lariang-
Karama Sub-Basin, which is situated in the
eastern region of Makassar Basin. The geological
formations in the area are arranged in the following
order from the oldest to the youngest. Basement
(Mesozoic) is composed of metamorphic rocks,
black shale, and volcanic rocks. Kalumpang
Formation (Middle Eocene-Late Eocene) consists
of claystone, carbonate shale, coal seams, siltstone,
and quartz sandstone. Budung-budung formation
(Middle Eocene-Early Miocene) consists of shale,
shaly mudstone, coal, siltstone, clastic limestone,
and conglomerate. The lisu formation consists of
early-late miocene mudstone, sandstone, and layers
of volcanic product debris and tuff. The Pasang
kayu formation (early pliocene pleistocene) consists
mainly of conglomerate and layers of sandstone
and mudstone. Based on regional geology, (Calvert
& Hall 2007 and Raharjo et al. 2012) identified the
source rocks in West Sulawesi into two potential
formations: the eocene Kalumpang formation and
the miocene Budung-Budung formation. According
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Figure 1
The tectonic setting that influences the Makassar Basin (Fraser 2003)

to (Waples 1985), source rocks can be classified into
three groups: effective source rock, possibles ource
rock, and potential source rock. Effective source rock
is formed by organic materials which can accumulate
and generate hydrocarbons. Possible source rock has
the potential to store and produce hydrocarbons, but
it has not been evaluated. On the other hand, potential
source rock is immature but can store and produce
hydrocarbons as it matures.

METHODOLOGY

This research involved the use of geochemical
analysis, including total organic carbon (TOC)
measurement, rock-eval pyrolysis analysis, cross-
plotting Tmax vs HI and HI vs OI for hydrocarbon
maturity assessment, gas chromatography (GC),
and gas chromatography/mass spectrometry (GC/
MS). Additionally, Microsoft Excel software was
used to generate graphs. The geochemical analysis
was carried out in the geochemical laboratory of PT.

Geoservices, and the standard laboratory methods
have been internationally recognized according
to ISO 900:2015. The results of this study were
combined with the findings of previous studies to
provide an updated and comprehensive geochemical
analysis for the West Sulawesi region.

Total Organic Carbon (TOC)

TOC is the quantity of organic carbon deposited
in the rock which is expressed as a percentage of
the weight of the dry rock. Organic carbon is carbon
that comes from organic substances and does not
come from carbonates, for example limestone. The
total organic carbon (TOC) value is determined by
analyzing the sample data and obtaining numerical
results. Sedimentary rocks that contain a TOC value
0f 0.5% or lower are considered to have a very low
potential to produce hydrocarbons. On the other
hand, rocks that have the potential to be a source
rock contain a TOC of >0.5% as per (Peters 1994)
Table 1.
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Table 1
Source rock quality parameters based on TOC (Peters 1994)

Quality TOC (w.t%)
Bad <0.5
Fair 0.5-1
Good 1-2
Very Good 2-4
Excellent >4
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Figure 2
Modified Mamuju Regional Stratigraphic Column, West Sulawesi (Calvert & Hall 2003 and Raharjo et al. 2012)

Kerogen Type

Kerogen is the organic material present in source
rocks that produce oil and gas. It plays a significant
role in determining which hydrocarbons will
beformed. Kerogens can be classified into different
types based on the combination of chemical elements
that it contains, such as carbon (C), hydrogen (H),
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oxygen (O), nitrogen (N), and sulfur (S). The
methodused to classify kerogen types is the use of
the Van Krevelen diagram (Peters & Moldowan
1993), which involves plotting the hydrogen
index (HI) against the oxygen index (Ol)atoms.
Additionally,a comparisonis made between HI
and Tmax values.
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Rock-Eval Pyrolysis (REP)

The parameters used to determine the type
of kerogen, oil, and gas products are formed
at peak maturity (Peters & Cassa 1994). The
pyrolysis parameters used to determine the type
of hydrogen are the hydrogen index (HI) and the
relationship between the ratio of S2 (a hydrocarbon
formed from kerogen in rock-eval pyrolysis due
to the decomposition of kerogen) and S3. Figure 3
illustrates an analysis of rock-eval pyrolysis in the
study area based on (Soppanata 1996).

According to (Hunt 1996), Rock-Eval pyrolysis
analysis is based on several parameters. S1 (free
hydrocarbons) indicates the number of free
hydrocarbons that can be vaporized with out
kerogen degradation. It is formed at 300 °C, resulting
from kerogen during deposition. S2 (pyrolisable
hydrocarbon) indicates the number of hydrocarbons
produced through the cracking process. It is formed at
a temperature of 350-550°C. S3 shows the amount
of CO, contentin the rock. It is formed at 300-390
°C. Tmax shows the maximum temperature at the
time of the formation of hydrocarbon cracking
(S2). It is formed at 435-470 °C.

Maturityof Organic Material

The maturity of organic materials was
assessed using two parameters: Tmax and Vitrinite
Reflectance(Ro). The tmax value indicates the
temperature at which hydrocarbons are formed
through cracking (S2) and reach their maximum

intensity. Generally, this occurs at 435-470 °C,
known as the oil window. On the otherhand, Ro is a
parameter that indicates the increase in temperature
and its effect on the reflectance of vitrinite. As the
temperature rises, the reflectance gloss of vitrinite
maceral willalsoincrease. Table 2 provides more
information on Ro and its relationship with
temperatures.

Gas chromatography (GC) and/or gas
chromatography mass spectrometry (GC-MS)
analyses were also used in this study. Saturate
samples were subjected to gas chromatography
(GC) to determine the distribution of isoprenoids
and n-alkanes. In the meantime, compounds with
low concentrations that could not be separated by
gas chromatography (GC) were separated using
gas chromatography mass spectrometry (GC-MS)
(Waples & Curiale 1999).

The study utilized new data obtained from
a surface sample called FS-12, which was taken
from the Mamuju area in the Lariang-Karama
Sub-Basin, West Sulawesi by (Sutadiwiria 2019).
The availability of the data is presented inTable3.
The lithostratigraphic analysis of the study area
revealed that the samples were from the Middle
Eocene Kalumpang Formation, which has an
upper intertidal environment and comprises shale,
as shown in Figure 4.

Table2
Maturity parameters of organic materials (Peters & Cassa1994)

Maturity Generation
Parameter

Ro (%) Tmax TAI Bit/TOC Bitumen PI

Immature 0.20-0.60 <435 15-1.26 <0.05 <50 <0.10
Early Mature 0.60 —0.65 435 — 445 26-27 005-0.10 50-100 0.10-0.15
Peak Mature 0.65-0.90 445 — 450 27-29 0.15-0.25 150-250 0.25-0.40
Late Mature 0.90-1.35 450-470 29-33 - - >0.40
Post Mature >1.35 > 470 >33 - - -
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Figure 3
Methodology of rock-eval pyrolysis analysis (Soppanata 1996).

Table 3
Availability of data used in the research

Sample VR

Identification Lithology TOC S1 S2 S3 Tmax HI OI PI (%) Original References

Name

% FS-12 Shale 062 008 020 0.12 499 32 19 029 13 new data

:

L e e

& FS-2 Coal 3056 061 3329 2101 423 109 69 002 046 Sutadiwiriactal

= (2022)

3

Carbonaceous Sutadiwiria et al.

FS-20 shale 6,92 028 1194 258 429 189 37 0,02 038 (2022)

106 | DOl.org/10.29017/SCOG.47.2.1624



Updated Geochemical Characterization of Hydrocarbon Potential of Surface Sample in Lariang-Karama
Sub-Basin, West Sulawesi, Indonesia (Yarra Sutadiwiria et al.)

SCALE 1:300.000 e — .,

200!0!15-

2°100"S

2°200"S

2°30'0"S

119°10'0"E 119°20'0"E 119°30'0"E

LEGEND : INDEX MAP :

@ CONTOUR LINE - siesozoic kocks  FOLDS :

ANTICLINE +
‘/ RIVER - TORAJA GROLY
SYNCLINE —:—”-—

@ SURFACE SAMPLES
® CITTES LISU FORMATION THRUST F‘AIXI.T/
Figure 4
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RESULT AND DISCUSSION

The analysis of the maturity level and type of
hydrocarbon kerogen led to the conclusion that
the FS-12 sample from the Mamuju area, West
Sulawesi,belonged to the kerogen type IV (Figures 5
and 6). The hydrogen index (HI) value of the sample
was found to be 32 (mg/grrock/% TOC, table, Figures
Sand 6), which indicates that the kerogen has a lower
potential to produce hydrocarbons as the HI value is
less than the required 50 mg/gr rock (Waples 1985).
More over, the tmax value of FS-12 was 499°C,

which falls into the post-mature category based on
(Peters & Cassa 1994), Figure 5 Previous studies
on the surface samples (FS-2 and FS-20) showed
high TOC values (30.56% and 6.32%, respectively)
andHIvalues of 109 mg/C and 189 mg/C. Based on
the HI value,the FS-2 and FS-20 samples were likely
to have the potential to be gas-prone for FS-2 (type
III kerogen), and to be oil and gas-prone for FS-20
(Type II kerogen) (modification of (Sutadiwiria et
al. 2022) as shown in Table 3 and Figures 5 and 6.
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Figure 5
Results of crossplot diagram of hydrogen index (HI) vs Tmax of Mamuju West Sulawesi
(Van Krevelen 1993 & Waples 1985)
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Figure 6
Results of crossplot diagram of van krevelen hydrogen index (HI) vs Oxygen Index (Ol) Mamuju West Sulawesi
(Van Krevelen 1993)

A number of terrestrial components (resin
compounds), including the biomarkers oleanane
(OL), bicadinane, and gamaserane (Gm), were visible
in the mass fragmentogram profile, particularly
the m/z 191 ion of the saturated hydrocarbon
fraction of GCMS FS-12 (Figure 7). The se same
biomarkers were also present in the samples FS-2
and FS-20 (Sutadiwiria et al. 2022) (Figures 8 and
9). The components W, T, and R originating from
higher plants were identified as the bicadinane.
These components were components a, b, ¢, and

d. Ion taraxastana (Tx) also appeared in several
samples along with the presence of oleanane. The
ternary diagram ofsamples FS-2,FS-12, and FS-20
(Figure 10) from Peters et al. (2005) and Huang and
Meinschein (1979) indicates a relative abundance
plot of sterane (C27- C29), which shows a relatively
high proportion of C29sterane. The percentages
are 48.29%, 33.12%, and55.27%. In comparison
C27 shows Figures 0f26.5%, 36,69% and 10.73%,
while C28 has percentages of 25.21%, 30.19%
and 34%, respectively.
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m/z 191 partial mass chromatograms showing triterpane distribution of FS-12
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Figure 8
m/z 191 partial mass chromatograms showing triterpane distribution of FS-2. (Sutadiwiria et al. 2022)
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m/z 191 partial mass chromatograms showing triterpane distribution of FS-20 (Sutadiwiria et al. 2022)
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Saturated fraction of the surface sample extract plotted on the ternary diagram according to (a) (Huang & Meinschein
1979) and (b) (Peters et al. 2005)
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The mass fragmentogram ion m/z 217 GCMS
profile from samples FS-12, FS-02, and FS-20 further
corroborates the ternary diagram (Figures 11, 12 and
13). This suggests that the three samples contain both
terrestrial and marine organic materials. According
to this update, organic materials derived from
terrestrial and marine organic materials are deposited
in the upper intertidal-fluviodeltaic environment
as coal (FS-2), shale (FS-12), and carbonaceous
shale (FS-20) (Sutadiwiria et al. 2022). This finding
also accords with the study (Sutadiwiria et al.
2017) that found a significant amount of resin
biomarkers in the source rock, indicating input
from the fluviodeltaic environment.

Upon examination of the findings of the
biostratigraphic, petrographic, and radiometric
analyses of the current well K-1 in the eastern
Makassar strait (Harsanti et al. 2013; Sutadiwiria
et al. 2022), it becomes evident that the Late
Cretaceous volcanic materials are located at a depth
of 17,340-17,360 feet, while the shales and shale
mudstones from the early paleocene and eocene
are marginally lacustrine paleofacies (Geoservices
2012). The finding of lacustrine shale source rock in
the eastern Makassar Strait was made possible by the
comparatively higher concentration of C27 sterane
in the well K-1 sample, when compared to C28 and
C29 (Sutadiwiria et al. 2022).
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m/z 217 partial mass chromatograms showing sterane distribution of FS-12
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m/z 217 partial mass chromatograms showing sterane distribution of FS-2 (Sutadiwiria et al. 2022)
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Modified m/z 217 partial mass chromatograms showing sterane distribution of FS-20 (Sutadiwiria et al. 2022)
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CONCLUSION

After analyzing the hydrocarbons in the Lariang-
Karama Sub-Basin, Mamuju, and West Sulawesi,
it was found that the FS-12 sample from the
Kalumpang formation had fair TOC content, but
it was not a source rock in the study area due to its
post-mature maturity level. The results indicate that
it belongs to the Middle Eocene shale lithology and
has no potential to become a source rock (Type V),
unlike FS-20 and FS-2, which displays potential for
oil and gas generation (Types II and III kerogen,
respectively). Following a thorough assessment of
post-drilling laboratory study, the West Sulawesi
area continues to hold potential to be explored,
offering improved prospects and reduced risks for
exploration activities in the region.
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GLOSSARY OF TERMS
Symbol Definition Unit
Tmax Maximum Temperature
TOC Total Organic Carbon
w.t% Weight percent (of TOC)
REP Rock Eval Pyrolisis
GC Gass Chromatography
GC-MS g;:(s:trcol;zcz)rlr)l;tography and Mass
HI Hydrogen Index
Ol Oxygen Index
PI Production Index
VR Vitrinite Reflectance (Ro)
S1 Free hydrocarbons
S2 Pyrolisable hydrocarbon
S3 Amount of CO, content present
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Symbol Definition Unit
-y ot oo e s
rock/% TOC present in a sample
C Carbon
H Hydrogen
O Oxygen
N Nitrogen
S Sulfur
°C Degrees Celsius

REFERENCES

Calvert, S.J. & Hall, R., 2007, Cenozoic Evolution of
the Lariang and Karama Regions, North Makassar
Basin, Western Sulawesi, Indonesia. Petroleum
Geoscience, 13, 353-368. doi.org/10.1144/1354-
079306-757.

Calvert, S.J. & Hall, R., 2003, The Cenozoic Geology
of The Lariang and Karama Regions, Western
Sulawesi: New Insight into The Evolution of The
Makassar Straits Region.

Fraser, T.H., Jackson, B.A., Barber, P.M., Balillie, P.,
& Myers, K., 2003, The West Sulawesi fold belt
and other new plays within the North Makassar
Strait—a prospectivity review. Proceedings
Indonesian Petroleum Association, 29th Annual
Convention, p. 429-450.

Hunt, J.M., 1996, Petroleum Geochemistry and
Geology (2nd ed.). W.H. Freeman and Company.

Peters, K.E. & Cassa, M.R., 1994, Applied Source
Rock Geochemistry. The Petroleum System from
Source to Trap. The American Association of
Petroleum Geologists Memoir, 60.

Peters, K.E. & Moldowan, J.M., 1993, The Biomarker
Guide, Interpretating Molecular Fossils in
Petroleum and Ancient Sediments. Prentice Hall,
Englewood Cliffs, New Jersey 07632.

Praptisih 2022, Karakteristik Geokimia Organik
pada Formasi Cibulakan di Daerah Cirebon,
Jawa Barat. Lembaran Publikasi Minyak dan Gas



Updated Geochemical Characterization of Hydrocarbon Potential of Surface Sample in Lariang-Karama
Sub-Basin, West Sulawesi, Indonesia (Yarra Sutadiwiria et al.)

Bumi, Vol. 56 No. 2, 123 — 135.doi.org/10.29017/
LPMGB.56.2.1176

Raharjo, S., Seago, R., Jatmiko, E. W., Hakim, F.
B. & Meckel, L.D., 2012, Basin Evolution and
Hydrocarbon Geochemistry of The Lariang
Karama Basin: Implications for Petroleum
System in on Shore West Sulawesi. Proceedings
of the Indonesian Petroleum Association, 36th
Annual Convention and Exhibition.

Soppanata, M.A., 1996, Buku Praktikum Geokimia
Hidrokarbon. Universitas Trisakti. Buku
Praktikum.

Sutadiwiria, Y., Burhannudinnur, M., Jambak,
M. A., Cahyaningratri, P. R., & Yeftamikha
2022, Geochemical Characterization of Coal,
Carbonaceous Shale, and Marine Shale as
Source Rock in West Sulawesi, Indonesia.
Indonesian Journal on Geoscience,9(3). https://
doi.org/10.17014/ij0g.9.3.303-314

Sutadiwiria, Y., 2019, Peranan Biomarker dan
Paleofasies pada Rekonstruksi Tektonik
Batuan Paleogen — Neogen di Selat Makassar
Bagian Timur dan Sulawesi Barat. PhD Thesis,
Universitas Padjadjaran (unpublished).

Sutadiwiria, Y., Hamdani, A.H., Sendjaja, Y.A.,
Haryanto, I. & Yeftamikha 2018, The Biomarker
Composition of Some Oil Seeps from West
Sulawesi, Indonesia. Indonesian Journal on
Geoscience, 5, No. 3,211-220. doi.org/10.17014/
ijog.5.3.211-220.

Sutadiwiria, Y., Hamdani, A.H., Andriana, Y.,
Haryanto, I. & Sunardi, E., 2017, Origin of Oil
Seeps in West Sulawesi Onshore, Indonesia:
Geochemical Constraints and Paleogeographic
Reconstruction of the Source Facies. In Journal
of Geological Sciences and Applied Geology
(Vol. 2, Issue 1).

Van Krevelen, D.W., 1993, Coal: Typology, Physics,
Chemistry, Constitution. 979 pp., 3rd edition,
Elsevier, Amsterdam, the Netherlands.

Waples, D.W., 1985, Geochemistry in Petroleum
Exploration. International Human Resources
Development Corporation, Boston.

DOl.org/10.29017/SCOG.47.2.1624 |

115



Paper SCOG 2024-1

by Yarra Sutadiwiria FTKE

Submission date: 23-Aug-2024 09:41AM (UTC+0700)
Submission ID: 2433024349

File name: Paper_SCOG_2024-1.pdf (1.29M)

Word count: 3820

Character count: 20863



UPDATED GEOCHEMICAL CHARACTERIZATION OF HYDROCARBON
POTENTIAL OF SURFACE SAMPLE IN LARIANG-KARAMA
SUB-BASIN, WEST SULAWESI, INDONESIA

Yarra Sutadiwiria'*, Muhammad Taufiq Fathaddin®, Imam Setiaji Ronoatmojo’,
Dewi Syavitri', Cahyaningratri, P.R.", Barona Belladesta', Yeftamikha®, and Andy Livsey
g
'Geology Department, Faculty of Earth Technology and Encrgy, Universitas Trisakti,
JIn. Kyai Tapa No. 1, Jakarta 11440, Indonesia

4

*Master's Program of Petroleum Engineering,
Faculty of Earth Technology and Energy, Universitas Trisakti,
Jin. Kyai Tapa No. 1, Jakarta 11440, Indonesia

3Faculty of Engineering, University of Auckland,
20 Symonds Street, Auckland 1010, New Zealand.

4PT Horizon GeofPnsulting, Pondok Indah Office Tower 2, 15™Floor, Jln. Sultan Iskandar
Muda Kav. VTA, Pondok Indah, Jakarta Selatan 12310

*corresponding author: yarra.sutadiwiria @trisakti.ac.id

Abstrak

Lariang-Karama merupakan sqgh satu subcekungan di Cekungan Makassar yang terletak di wilayah
Sulawesi Barat. Diharapkan dapat menghasilkan hidrokarbon dan berpotensi menjadi sasaran
penemuan lapangan baru dalam kegiatan eksplorasi hidrokarbon, selain untuk memperkirakan adanya
potensi batuan induk untuk menghasilkan hidrokarbon. Atas dasar inilah maka penulis tertarik untuk
melakukan studi dan penelitian di daerah Cekungan Makassar dan sekitarnva, vang dilakukan sejak
tahun 2017 hingga sekarang. Kajian ini merupakan studi literatur review yang komprehensif hasil
penelitian oleh penulis tahun 2017 — 2022, yang menjelaskan tentang asal usul dan komposisi
biomarker, paleogeografi sumber fasies dari rembesan minyak (2017-2018), paleofasies dan
karakteristik biomarker batuan Paleogen hingga Neogen (2019), kontribusi material terrestrial
berdasarkan analisis geokimia dan biostratigrafi (2020), proses tekionik yang terjadi di cekungan
tersebut, dan karakterisasi geokimia batuan induk di daerah penelitian (2022). Hasil review
menunjukkan sampel pernukaan FS-12 vang berupa serpih diduga berasal dari Formasi Kalumpang
yang terletak di wilayah Sulawesi Barat. Hasilfghalisis menunjukkan serpih tersebut mempunyai TOC
0,62%, dengan kuantitas yang cukup. Namun, hasil cross plot antara nilai HI < 50 dan Tmax 499 °C
menunjukkan bahwa kategori tersebut terlalu matang dan tidak dapat menghasilkan hidrokarbon.
Berdasarkan hasil penelitian ini, dan digabungkan dengan penelitian sebelumnya diperoleh hasil siudi
geokimia terbaru di wilayah Sulawesi Barat, dan Selat Makassar bagian timur, berupa batuan induk
marine shale yang berada di Sulawesi Barat dan batuan induk lacustrine shale di Selat Makassar
hagian timur.

Kata kunci: batuan induk, Sulawesi Barat, rotal karbon organik.

Abstract

The Lariang-Karama Sub-Basin is auared within the Makassar Basin, located in the West Sulawesi
region. It has source of r{}s which has the potential to produce hydrocarbons and to become a iarget
for new field discoveries in hyvdrocarbon exploration activities. It is on this basis that the authors are
interested in conducting research in the Makassar Basin area and its surroundings, which has been
carried out since 2017 . This is a comprehensive literature review study from 2017 1o 2022, focusing on
the origin and composition of biomarkers, paleogeography of facies sources from oil seeps (2017-
2018), paleofacies and biomarker characteristics of Paleogene to Neogene rocks (2019), contribution




of terrestrial materials based on geochemical and biostratigraphic analysis (2020), tectonic processes
occurring in the basin, and geochemical characterization of source rocks in the research area (2022).
The FS-12 surface sample in shale may belong to the Kalumpang Formation, located in West Sulawesi.
The results of TOC analysis were 0.62%, indicating sufficient quantity. Based on the results of the cross
plot between HI values of < 50 and Tnax of 499 °C, the category was found to be overmature and could
not produce hyvdrocarbons. The results of this research, along with those of previous research and the
latest geochemical study [ere obtained in the West Sulawesi region and the eastern Makassar Strait.
These findings consisted of marine shale source rocks in West Sulawesi and lacustrine shale source

rocks in the eastern Makassar Strait.

Keywords: source rock, West Sulawesi, total organic carbon (TOC)

I. INTRODUCTION

Hydrocarbons play a very important role as an
energy resource to support the Indonesian
economy (Praptisih, 2022). Exploration of
hydrocarbons is a crucial activity in the oil and
gas sector that involves searching for new
reserves to meet production needs and
developing existing oil fields. An essential
component of exploration is geochemical
analysis, which can be carried out on surface
samples and hydrocarbon seeps.

Various geochemical analyses have been
conducted on surface samples and seeps in
West Sulawesi. In research by Sutadiwiria et al.
(2017 and 2018) on oil seeps in the Lariang and
Karama areas of West Sulawesi, the nleanane
saturation found in these seeps indicates that
the source rocks in the West Sulawesi area
were formed in delta and near-coastal
environments. This oil seep is known to
originate from Eocene coal and Toraja shale
coal from the Kalumpang Formation. The
results of biomarker analysis on GC-MS show
that the source of oil seep in Lariang can be
traced back to terrestrial organic material, with
the additional presence of organic materials
from algae and herbs (Sutadiwiria, 2019).

The LarianggKarama Sub-Basin in the
Makassar Basin has the potential to produce
hydrocarbons. This §}dy aims to refine the
predictions regarding the capacity of the area's
source rock to produce hydrocarbons by using
geochemical analyses of hydrocarbons. These
analyses determine the quality of organic
materials from rock-eval pyrolysis (REP), the
quantity of organic materials from total organic
carbon (TOC]), the degree of maturity of the
hydrocarbon from cross-plot Tmax vs HI, gas
chromatography (GC). and oas
chromatography/ mass spectrometry (GC/MS).

II. REGIONAL
2.1 Regional Geology

Makassar Basin is located in Indonesia and is
bounded by different geographical features. To
the north lies the Mangkalihat High, while the
Java Sea is situated in the south. In the west, it
is bordered by the East Kalimantan mainland,
which includes the Mahakam Delta and the
SSW-NNE fold structure. On the east, it is
bounded by the mainland of West Sulawesi,
which has a thrust fold in the SSW-NNE
direction.

The Makassar Basin was formed during the
pre-Tertiary to Late Tertiary extensional stages,
which occurred no earlier than the Early
Paleocene (Sutadiwiria et al., 2022). Calvert
and Hall (2003) have reported that the research
area is located in the eastern part of the
Makassar Basin. The basin was formed during
the Early Tertiary, Paleocene, and Middle
Eocene-Late Eocene. This formation was due to
its expansion. The rifting led to the formation
of graben and half-graben, and the subsidence
formation took place during the early period of
the rifting. This process caused the island of
Sulawesi to move from east to southeast and
separate from the mainland of
Sunda/Kalimantan. The area is subjected to
extensional compressional forces, which have
led to the upliftment, folding, and shearing of
the pre-tertiary basement, resulting in the
formation of rock depressions and clevations
(Figure 1).
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Makassar Basin (Fraser, 2003)

2.2 Regional Tectonic

The Makassar Basin, where the Lariang-
Karama Sub-Basin is formed, has three main
fault patterns: northeast-southwest, northwest-
southeast, and north-south. According to Fraser
(2003), Calvert and Hall (2007), and Raharjo et
al. (2012). the formation of Makassar Basin can
be divided into six tectonic stages (Figure 2).
These stages are the Pre-rift stage (pre-
Tertiary), Syn-rift package stage (Middle-Late
Eocene), Post-rift package stage (Oligocene),
Post-rift  package stage  (Early-Middle
Miocene), Post-rift package stage (Late
Miocene), and Foreland basin package stage
(Early-recent Pliocene).

2.3 Regional Stratigraphy

The study area is marked on a stratigraphic
column (Calvert and Hall, 2003; Raharjo et al.,
2012) (Figure 2). The area is part of the
Lariang-Karama Sub-Basin, which is situated
in the eastern region of Makassar Basin.

The geological formations in the area are
arranged in the following order from the oldest
to the youngest. Basement (Mesozoic) is
composed of metamorphic rocks, black shale,
and volcanic rocks. Kalumpang Formation
(Middle Eocene-Late Eocene) consists of
claystone, carbonate shale, coal seams,
siltstone, and quartz sandstone. Budung-
Budung Formation (Middle Eocene-Early
Miocene) consists of shale, shaly mudstone,
coal, siltstone, clastic limestone, and
conglomerate. The Lisu Formation consists of
Early-Late Miocene mudstone, sandstone, and
layers of volcanic product debris and tuff. The
Pasangkayu Formation (early Pliocene-

Pleistocene) consists mainly of conglomerate
and layers of sandstone and mudstone.

Based on regional geology, Calvert and
Hall (2007} and Raharjo et al. (2012) identified
the source rocks in West Sulawesi into two
potential formations: the Eocene Kalumpang
Formation and the Miocene Budung-Budung
Formation.

According to §Bples (1985), source rocks
can be classified into three groups: effective
source rock, possible source rock, and potential
source rock. Effective source rock is formed by
organic materials which can accumulate and
senerate hydrocarbons. Possible source rock
has the potential to store and produce
hydrocarbons, but it has not been evaluated. On
the other hand. potential source rock is
immature but can store and produce
hydrocarbons as it matures.

[II.METHOD

This research involved the use of geochemical
analysis, including total organic carbon (TOC)
measurement, rock-eval pyrolysis analysis,
cross-plotting Tmax vs HI and HI vs OI for
hydrocarbon  maturity  assessment,  gas
chromatography (GC), and gas
chromatography/mass spectrometry (GC/MS).
Additionally, Microsoft Excel software was
used to gendBlite graphs. The geochemical
analysis was carried out in the geochemical
laboratory of PT. Geoservices, and the standard
laboratory methods have been internationally
recognized according to ISO 900:2015.

The results of this study were combined
with the findings of previous studies to provide
an updated and comprehensive geochemical
analysis for the West Sulawesi region.

@1 Total Organic Carbon (TOC)

TOC is the quantity of organic carbon deposited
in the rock which is expressed as a percentage
of the weight of the dry rock. Organic carbon is
carbon that comes from organic substances and
does not come from carbonates, for example
limestone.

The total organic carbon (TOC) value is
determined by analyzing the sample data and
obtaining numerical results. Sedimentary rocks
that contain a TOC value of 0.5% or lower are
considered to have a very low potential to
oducc hydrocarbons. On the other hand,
rocks that have the potential to be a source rock
contain a TOC of >0.5% (as per Peters. 1994,
Table 1).




Table 1. Source rock quality parameters based on TOC (Peters, 1994)

Quality TOC ml%)
Bad <05
Fair 05-1
Good 1—-2
Very Good 2-4
Excellent =4
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Figure 2. Modified Mamuju Regional Stratigraphic Column, West Sulawesi (Calvert and Hall, 2003

and Raharjo et.al, 2012)

3.2 Kerogen Type

Kerogen is the organic material present in
source rocks that produce oil and gas. It plays a

significant role in

determining

which

hydrocarbons will be formed. Kerogens can be
classified into different types based on the

combination of chemical

elements

that it

contains, such as carbon (C), hydrogen (H),
oxygen (O), nitrogen (N), and sulfur (S). The
method used to classify kerogen types is the use
of the Van Krevelen diagram (Pcters and
Maldowan, 1993), which involves plotting the
hvdrogen index (HI) against the oxygen index
(OI) atoms. Additionally, a comparison is made

between HI and Tmax values.

3.3 Rock—Eval Pyrolysis (REP)

The parameters used to determine the type of
kerogen, oil, and gas products are formed at
peak maturity (Peters and Cassa. 1994). The
pyrolysis parameters used to determine the type
of hydrogen are the hydrogen index (HI) and
the relationship between the ratio of 82 (a
hydrocarbon formed from kerogen in rock-eval
pyrolysis due to the decomposition of kerogen)
and S3. Figure 3 illustrates an analysis of rock-
eval pyrolysis in the study area based on

Soppanata (1996).
According to Hunt (1996), Rock-Eval
pyrolysis analysis is based on several

parameters. S1 (free hydrocarbons) indicates
the number of free hydrocarbons that can be
vaporized without kerogen degradation. It is




formed at 300 °C. resulting from kerogen
during deposition. S2 (pyrolisable
hydrocarbon) indicates the number of
hydrocarbons produced through the cracking
process. It is formed at a temperature of 350

550 °C. 83 shows the amount of CO- content in
the rock. It is formed at 300-390 "C. Tmax
shows the maximum temperature at the time of
the formation of hydrocarbon cracking (§2). It
is formed at 435470 °C.

Table 2. Maturity Parameters of Organic Materials (Peters and Cassa, 1994)

Parameter Maturity Generation
Ro (%) Tmax TAI Bi/TOC Bitumen PI
Immature 0.20-0.60 <433 15-126 <0.05 <50 <0.10
Early Mature 060-065 435445 B6—2.4 0.05-0.10 50— 100 0.10 -0.15
“Peuk Mature 0.65-090 445450 27-29 0.15 - 025 150 — 250 0.25 - 040
Late Mature 090-135  450-470 29-33 | I >040
Post Mature =135 =470 5 1 - - -

3.4 Maturity of Organic Material

The maturity of organic materials was assessed
using two parameters: Tmax and Vitrinite
Reflectance (Ro). The Tmax value indicates the
temperature at which hydrocarbons are formed
through cracking (S2) and reach their
maximum intensity. Generally, this occurs at
435-470 °C, known as the oil window. On the
other hand, Ro is a parameter that indicates the
increase in temperature and its effect on the
reflectance of vitrinite. As the temperaturc
rises, the reflectance gloss of vitrinite maceral
will also increase. Table 2 provides more

information on Ro and its relationship with
temperatures.

Gas chromatography (GC) andfor gas
chromatography mass spectrometry (GC-MS)
analyses were also used in this study. Saturate
samples were subjected to gas chromatography
(GC) to determine the distribution of
isoprenoids and n-alkanes. In the meantime,
compounds with @w concentrations that could
not be separated by gas chromatography (GC)
were separated using gas chromatography mass
spectrometry (GC-MS) (Waples and Curiale,
1999).
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Figure 3. Methodology of Rock-Eval Pyrolysis Analysis (Soppanata, 1996).




The study utilized new data obtained from a
surface sample called FS-12, which was taken
from the Mamuju area in the Lariang-Karama
Sub-Basin, West Sulawesi by Sutadiwiria in
2019. The availability of the data is presented

Table 3. Availability of data used in the research

in Table 3. The lithostratigraphic analysis of the
study area revealed that the samples were from
the Middle Eocene Kalumpang Formation,
which has an upper intertidal environment and
comprises shale, as shown in Figure 4.

Sample Lithology TOC S 52 53 Tmax HI Ol PI VR Original
i Identification (%)  References
= Name
E F5-12 Shale 062 0D8 020 .12 499 32 19 0.29 1.3 new data
§ Fs-2 Coal 3056 061 3329 2101 423 109 69 0.02 046 Sutadiwiria
= etal. (2022)
7] FS-20
Carbonaceous 692 028 1194 258 429 189 37 0,02 038 Sutadiwiria
shale etal. (2022)
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Figure 4. Location Map and Geology of Mamuju and Surrounding Areas (Modification of Calvertand Hall (2003)

and Raharjo et al. (2012)




IV. RESULTS AND DISCUSSION

The analysis of the maturity level and type
of hydrocarbon kerogen led to the conclusion
that the FS-12 sample from the Mamuju area,
West Sulawesi, belonged to the kerogen type IV
(Figures 5 and 6). The hydrogen index (HI) value
of the sample was found to be 32 (mg/gr rock/%
TOC, Table 3, Figures 5 and 6), which indicates
that the kerogen has a lower potential to produce
hydrocarbons as the HI value is less than the
required 50 mg/gr rock (Waples, 1985).
Moreover, the Tmax value of FS-12 was 499 °C,
which falls into the post-mature category based
on Peters and Cassa (1994, Figure 5).

Previous studies on the surface samples
(FS-2 and FS-20) showed high TOC values
(30.56% and 6.32% ,respectively) and HI values
of 109 mg/C and 189 mg/C. Based on the HI
value, the FS-2 and FS-20 samples were lik@ito
have the potential to be gas-prone for FS-2 (Type
III kerogen), and to be oil and gas-prone for FS-
20 (Type Il kerogen) (modification of
Sutadiwiria et al., 2022) as shown inTable 3, and
Figures 5 and 6.
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Figure 6. Results of Crossplot Diagram of Van Krevelen
Hydrogen Index (HI) vs Oxygen Index (OI) Mamuju West
Sulawesi (Van Krevelen, 1993)

A number of terrestrial components (resin
compounds), including the biomarkers oleanane
(OL), bicadinane, and gamascrane (Gm), were
visible in @B mass fragmentogram profile,
particularly the m/z 191 ion of the saturated
hydrocarbon fraction of GCMS FS-12 (Figure
7). These same biomarkers were also present in
the samples FS-2 and FS-20 (Sutadiwiria et al.,
2022) (Figures 8 and 9). The components W, T,
and R originating from higher plants were
identified as the bicadinane. These components
were components a. b. c. and d. Ion taraxastana
(Tx) also appeared in several samples along with
the presence of oleanane.

The ternary diagranfiBf samples FS-2, FS-12,
and FS-20 (Figure 10) from Peters et al. (2005)
and Huang and Meinschein (1979) indicates a
relative abundance plot of sterane (Cay; - Cao),
which shows a relatively high proportion of Cx
sterane. The percentages are 48.29%, 33.12%,
and 55.27%. In comparison Ca7 shows figures of
26.5%. 36.69%. and 10.73%. while Cx has
percentages of 25.21%, 30.19%, and 34%,
respectively,
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Figure 8. m/z 191 partial mass chromatograms showing triterpane distribution of FS-2 (Sutadiwiria et al., 2022)
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The mass fragmentogram ion m/z 217 GCMS
profile from samples FS-12, FS-02, and FS-20
further corroborates the ternary diagram (Figures
11, 12, and 13). This suggests that the three
samples contain both terrestrial and marine
organic materials. According to this update,
organic materials derived from terrestrial and
marine organic materials are deposited in the

upper intertidal-tluviodeltaic environment as
coal (FS-2), shale (FS-12), and carbonaceous
shale (FS-20) (Sutadiwiria et al., 2022). This
finding also accords with the study (Sutadiwiria
et al.. 2017) that found a significant amount of
resin biomarkers in the source rock, indicating
input from the fluviodeltaic environment.




Abundance
150 -~
; Type of sample : Surface Sample
g+ | Area : Cnshore West Sulawesi
s tF8.12
| Fragmentogram : miz 217
ws A
w0 4
} ?
1o 1
100 +
L ']
BO I
" Wl
&80 :
o €27 Diasterana
55 5 L1 4 58 50 o0 o a L= na e os ar L] o
>
Time--
Figure 11. m/z 217 partial mass chromatograms showing sterane distribution of FS-12
Abundance
2000 ¢
|| Type of sample : Surface Sampla
100 + | Avea 1 Onshore West Sulawesi
1 o 1 F8-2
Fragmentogram : mfz 217
1000
1400 +
1200 I A
e - T -
(27 Dissterane a7 28 as
0ttt T
= 56 57 58 59 0 6 62 &3 84 05 (] 67 68 69
‘l’lme->.
1

Figure 12. m/z 217 partial mass chromatograms showing sterane distribution of FS-2 (Sutadiwiria et al., 2022)




WA el
S IoN Z217.00(216 70 217. 70). vARRACIZ SAT. DaatarTs|
a0 Type of sampie  Surface Sampie
Area + Onshore West Sulawes|
120 3] :FS-20
e Fragmantogram : miz 217
1100
1000
7.8
=0 |
15

an

o) 10N
— 1213

(=e o]

o 23E
a0 I & 89 I
D sIRﬁrR9||]\| ﬁ

cD cd ¥ 1 | I I J Il

20 RV AL ' n | '
< A B ap IfR‘U}‘ L h Wh |||-| | d
- A o MY WA A W WM L.\.,,,J,,,J

O T = e e g T L0 L 2 2 . i g =

4800 S200 5100 S200 Sa00 5400 5500 S500 S700 5800 S0 800 6100
[Tirre—=
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Upon examination of the findings of the
biostratigraphic. petrographic, and radiometric
analyses of the current well K-1 in the eastem
Makassar Strait (Harsanti et al., 2013,
Sutadiwiria et al., 2022), it becomes evident that
the Late Cretaceous volcanic materials are
located at a depth of 17.340-17.,360 feet, while
the shales and shale mudstones from the Early

Paleocene and Eocene are marginally lacustring
n]eofacies {(Geoservices, 2012). The finding of
lacustrine shale source rock in the eastern
Makassar Strait was made possible by the
comparatively higher concentration of Cx
sterane in the well K-1 sample, when compared
to Czs and Ca (Sutadiwiria etal., 2022).




CONCLUSION

After analyzing the hydrocarbons in the
Lariang-Karama Sub-Basin, Mamuju, and West
Sulawesi, it was found that the FS-12 sample
from the Kalumpang Formation had fair TOC
content, but it was not a source rock in the study
area due to its post-mature maturity level. The
results indicate that it belongs to the Middle
Focene shale lithology and has no potential to
become a source rock (Type IV), unlike FS-20
and FS-2, whichdisplays potential for oil and gas
generation (Types II and III kerogen,
respectively). Following a thorough assessment
of post-drilling laboratory study, the West
Sulawesi area continues to hold potential to be
explored, offering improved prospectf) and
reduced risks for exploration activities in the
region.
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GLOSSARY
Unit Definition Symbol
Maximum
Tmax
Temperature
?OC Total Organic
Carbon
Weight percent (of
wt% TOC)
REP Rock Eval
Pyrolisis
Gass
GC
Chromatography
Gass
GC-MS Chromatography
and Mass
Spectroscopy
a
HI Hydrogen Index
01 Oxygen Index
PI Production Index

Vilrinite
A Reflectance (Ro)
S1 Free hydrocarbons
Pyrolisable
$2 hydrocarbon
$3 Amount of CO:
content present
the amount of
HI = myr | drogen mliive
rock/% TOC | 'O amounto
organic carbon
present in a sample
C Carbon
H Hydrogen
(@] Oxygen
N Nitrogen
S Sulfur
°C Degrees Celsius
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