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Abstract

Gravity Data analyses in Lampung area are carried out to identify potential hydrocarbon sub-basins. The
hydrocarbon potential in the Lampung sub-basin is indicated by the presence of hydrocarbon seepage
found in Wai Imus, Wai Tahmi, and from oil shown in Ratu-1 and Tujo-1 exploration wells. Spectrum
analysis, filtering, gradient, and gravity anomaly modeling determine the presence of potential
hydrocarbon sub-basins in the Lampung sub-basin. Our results show that the Bouguer anomaly in the
Lampung sub-basin ranges from 0 mGal to 90 mGal. A high anomaly appears in the southern part
associated with basement high and a low anomaly in the center area of the western region related to the
existence of the large Sumatra fault zone. The Bouguer Anomaly spectrum analysis result shows that
basement depth in the Lampung sub-basin is 2400 m to 4400 meters deep. Data analysis of residual
Bouguer anomaly, SVD residual Bouguer anomaly, and fault structure identified 18 sub- hydrocarbon
potential basins scattered in Way Kanan, Tulang Bawang Barat, Menggala, Mesuji, Terbanggi Besar -
Seputih Surabaya (Central Lampung), Sukadana and Labuhan Maringgai (East Lampung) areas. Some
volcanic paths were also identified from Ratu-1 well, and Tujo-1 well in the Lampung WKP block. 2.5D
modeling results of residual Bouguer anomaly show Kasai, Muara Enim, and Air Benakat, respectively,
overburdened rock formations deposited from the top, followed by the Gumai Formation, which acts as a
seal formation, while the hydrocarbon reservoirs are from the Baturaja and Talang Akar Formation. Our
subsurface depth model has been verified by Ratu-1 and Tujo-1 exploration well.
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Identifikasi Sub-Cekungan Hidrokarbon Berdasarkan Analisis Data Gravity di Daerah Lampung

Abstrak
Pengolahan dan analisa data gravity pada daerah Lampung dilakukan untuk mengidentifikasi
keberadaan sub-cekungan berpotensi hidrokarbon. Keberadaan potensi hidrokarbon pada sub-cekungan
Lampung ditunjukkan dengan adanya rembesan hidrokarbon yang dijumpai di Wai Imus, Wai Tahmi serta
hasil pemboran eksplorasi sumur Ratu-1 dan sumur Tujo-1. Analisa spektrum, filtering, gradient dan
pemodelan anomali gravity dilakukan untuk mengetahui dan mendapatkan keberadaan sub-cekungan
berpotensi hidrokarbon di sub-cekungan Lampung. Hasil penelitian menunjukkan Anomali Bouguer
daerah sub-cekungan Lampung mempunyai nilai 0 mGal sampai 90 mGal, dengan anomali tinggi di
bagian selatan yang berhubungan dengan batuan dasar yang terangkat di daerah tersebut dan anomali
rendah berada bagian barat bagian tengah yang berhubungan dengan keberadaan zona sesar besar
Sumatera. Hasil analisa spektrum Anomaly Bouguer menunjukkan kedalaman batuan dasar daerah sub-
cekungan Lampung yang berada pada kedalaman 2400 m sampai 4400 meter. Hasil analisa data Anomali
Bouguer residual, SVD Anomali Bouguer residual, struktur patahan, keberadaan jalur gunung api, data
sumur Ratu-1, Sumur Tujo-1, dan beberapa data usulan pemboran sumur eksplorasi yang ada di blok
WKP Lampung dapat diidentifikasi sebanyak 18 sub-cekungan berpotensi hidrokarbon yang tersebar di
daerah Way Kanan, Tulang Bawang Barat, Menggala, Mesuji, Terbanggi Besar — Seputih Surabaya
Hasil pemodelan 2.5D
Anomali Bouguer residual mendapatkan formasi Kasai — Air Benakat dan Muara enim pada bagian atas

(Lampung Tengah), Sukadana dan Labuhan Maringgai (Lampung Timur).

yang diikuti oleh Formasi Gumai yang berperan sebagai penyekat, sedangkan reservoar hidrokarbon
berada pada Formasi Baturaja dan Talang Akar. Hal ini didukung oleh data sumur eksplorasi Ratu-1 dan
Tujo-1.

Kata Kunci: gravity, sub-cekungan hidrokarbon; Lampung, pemodelan
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I. INTRODUCTION hydrocarbons was identified by the findings of

The South Sumatra Basin covers three
sub-basins: the Jambi sub-basin in the north,
the South Sumatra sub-basin in the middle,
and the Lampung sub-basin in the south [1].
The Jambi and South Sumatra sub-basins are
known as prolific hydrocarbon basins.
However, the Lampung sub-basin has not
been proven as a hydrocarbon producer.

Oil and gas exploration activities in the
study area are still minimal. The presence of

Muh. Sarkowi, et.al

several seepages of hydrocarbons such as
those found in Wai Imus, Wai Tahmi, and an
oil stain in exploration wells of Ratu-1 and
Tujo-1 [2].
Hydrocarbons
research area has been carried out since 1992
by Petrocorp Exploration Indonesia. The
exploration activities started with seismic
reflection acquisition in the Bandarjaya sub-
basin area. Pertamina has carried out several

exploration in the
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drilling activities exploration with sandstone
targets from the TAF and carbonate rocks
from the Baturaja Formation [3].

The exploration is continued by Prabu
Energy in 2013 at Block Ranau (Ranau -
Banjit), Bima Sakti Energy in 2016 in Block
Bima Sakti Energy (Blampangan Umpu -
Tulang Bawang Barat) and Harpindo at Block
Harpindo (Kotabumi - BandarJaya - Metro).
However, no hydrocarbon has been
discovered in the Lampung area to date.

In addition to that, basement structure
modeling is essential in oil and gas
exploration because basement configuration is
associated with the history of a sedimentary
basin formation [4]. In some instances, the
basement can be modeled by structural
contour maps obtained from drilling wells and
seismic reflection profiles [5]. Nevertheless,
data on drilling wells and seismic reflections
are limited in the frontier area. Thus, gravity
data analysis can be used as an alternative in
describing the basement configuration related
to the sub-basin boundary [6-8].
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Figure 1. Research location map of the Lampung
Sub-Basin (Negara Batin, Kotabumi and
Bandarjaya Sub-Basin) - South Sumatra Basin and
Sumatra regional tectonic setting [2][8]

Therefore, we try to determine the
distribution of potential hydrocarbon sub-
basins in the Lampung area by processing and
interpreting gravity data with calibration from

Muh. Sarkowi, et.al

wells data in the study area. This research
aims to delineate the Lampung sub-basins
basement structure to assist hydrocarbon
exploration activities.

Il. METHODS

The gravity data used is Bouguer
anomaly data from Bandung Geological
Development  Research ~ Center.  The
measurements were made in the period of
1990 - 1992 using Gravimeter Lacoste &
Romberg type G [9-13]. Bouguer correction
calculation uses a density of 2.67 g/cc, while
normal gravity correction uses GRS 1967.

Data processing in this study includes
analysis of the Bouguer anomaly spectrum to
obtain the depth of the regional and residual
anomaly boundaries [14]. The results of this
spectrum analysis are then used to separate
Bouguer anomalies using the moving average
technique [15]. Gradient analysis techniques
are carried out on the residual Bouguer
anomaly to obtain the fault structure pattern,
the lithological boundaries, and the high and
low boundaries in the area. A 2D forward
modeling is performed to obtain a structural or
subsurface density distribution model [16].

Finally, correlation analysis and
comparison of the results of processing and
modeling gravity data are carried out with
geological data, well data, and other data to
identify potential hydrocarbon sub-basin
prospects in the Lampung sub-basin area.

I11.RESULTS AND DISCUSSION

The Bouguer anomaly in the Lampung
basin has a value of 0 mGal to 90 mGal, with
a high anomaly in the southern part, which is
associated with basement high, and a low
anomaly [17] in the central-western part,
which is related to the existence of the large
Sumatra fault zone (Figure 2).

Spectral analysis was carried out to
determine the boundary of the regional
Bouguer anomaly and the residual area of the
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study [18-19]. The results of this spectral
analysis are then used to estimate the window
width for gravity anomaly filtering [20]. In
this study, the spectrum analysis used Fourier
transform [21], where the results are used to
estimate the width of the filtering window
[22]. The spectrum analysis was carried out by
making a cross-section of the Bouguer
anomaly as four passes. The spectrum analysis
result shows that the Bouguer Residual
anomaly depth limit is around 4303 meters.
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Figure 2. Map of Bouguer anomaly in Lampung
sub-basin area

Based on these results, the regional and
residual Bouguer anomalies were separated
using a moving average filter with a window
width of 12 km x 12 km. The residual Bouguer
anomaly map from the Bouguer anomaly
filtering is shown in Figure 3.

Residual Bouguer anomaly maps have
values from -12 mGal to 14 mGal, with
anomalous low and high values patterns
scattered in the study area. The low anomaly
pattern that indicates the basin area needs to
be further analyzed to determine the presence
of hydrocarbon in the basin. Low anomalies in
the West and Southwest, which are in the
Sumatra fault zone and the volcanic zone,
cause the potential for hydrocarbons in these
areas to be very small.
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Figure 3. Residual Bouguer anomaly map of the
Lampung sub-basin area resulting from the
Bouguer anomaly filtering using a moving average
filter.

To support the Bouguer Residual
anomaly analysis in identifying the fault
structure and the lithological boundary and
generating the shallow effect anomaly, a
vertical gradient analysis of the Bouguer
Residual anomaly was performed.

In this study, the SVD anomaly gravity
value is calculated using a filtering process
through convolution between anomaly gravity
and a second vertical derivative filter. This
study's second vertical derivative filter is the
Elkins (1951) type filter [24]. The SVD map
of Bouguer Residual anomaly compiled with
low residual Bouguer anomaly contour and
fault structure is shown in Figure 4.
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Figure 4. Residual Bouguer anomaly SVD map and
fault structure pattern in the area
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The main structural pattern in the study
area is faulted parallel to the Sumatran fault
trending Southeast - Northwest. In contrast,
secondary faults are perpendicular to the main
fault and West-East direction. The fault
structure pattern and volcanic paths will
control the presence of hydrocarbon in the
study area.

Some data analysis was carried out to
obtain the potential of the basin in the
Lampung area, such as the Bouguer Residual
anomaly, the SVD of the Bouguer Residual
anomaly, the fault structure, the presence of a
volcanic path, Ratu-1 well, and Tujo-1 well
data, and some proposed drilling data.
Exploration wells in the WKP Bima Sakti
Energy block (south Menggala well), Ranau
Block (Kayu Manis well) and Bandarjaya
Block (Sugih-1 well). The hydrocarbon
potential sub-basin was identified from the
low Bouguer anomaly pattern in the area. The
sub-basin boundary is derived from the
residual Bouguer anomaly's SVD value [25],
as seen in Figure 5. From the identification
analysis, it is found that the Lampung sub-

basin area contains of 18 basins scattered in
the following areas: Way Kanan, Tulang
Bawang Barat, Menggala, Mesuji, Terbanggi
Besar - Seputih Surabaya (Central Lampung),
and Sukadana and Labuhan Maringgai (East
Lampung).

A 2.5D modeling of residual Bouguer
anomaly was carried out to obtain the
subsurface structure in the sub-basin area of
Lampung. The results of modeling the
Lampung sub-basin subsurface structure that
passes through the Ratu-1 well and the South
Menggala well are shown in Figure 6.

The modeling results show that the
Ratu-1 exploration wells and the South
Menggala well penetrate to the Baturaja and
TAFs located on the flank part of the
fault/anticline structure. The Kasai - Air
Benakat - Muaraenim Formation is at the top,
followed by the GUF, which acts as a seal in
the Lampung sub-basin. The reservoir is in the
Baturaja and TAFs, while the source rock is in
the Kikim formation (LAF).
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Figure S. Existence of hydrocarbon potential sub-basins in the Lampung sub-basin.
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Figure 6. Sections of the subsurface model from the Bouguer anomaly 2D forward modeling through Ratu-1

and South Menggala wells

IV.CONCLUSION

Based on the results of gravity research
which is supported by exploration well data
and geological data in the Lampung sub-basin
to determine the existence of sub-basins with
the hydrocarbon potential, several conclusions
can be drawn. The Bouguer anomaly in the
Lampung sub-basin has a high anomaly in the
southern part, which is associated with a
basement high and low anomaly in the central-
western part, which is related to the existence
of the large Sumatra fault zone. There are 18
sub-basins in Lampung WKP block that can be
identified with hydrocarbon potential. They
are scattered in the following areas: Way
Kanan, Tulang Bawang Barat, Menggala,
Mesuji, Terbanggi Besar - Seputih Surabaya
(Central Lampung), Sukadana and Labuhan
Maringgai (East Lampung). The 2.5D
modeling results of residual Bouguer anomaly
show the Kasai-Air Benakat and Muaraenim
formations at the top, followed by GUF that act
as seals. Meanwhile, the hydrocarbon reservoir
is in the Baturaja and TAF. The interpretation
is supported by data from the Ratu-1
exploration well, while the source rock is in the
LAF.
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